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A turbine engine blade (100) of composite material comprising fiber reinforcement obtained by multilayer weaving of yarns and
densified by a matrix. The blade has a first portion constituting an airfoil (120) forming a single piece with at least one second
portion constituting a blade root (130). The fiber reinforcement portions corresponding to the first and second portions of the blade

(100) are mutually interleaved, at least In part, with yarns of the second fiber reinforcement portion penetrating into the first fiber
reinforcement portion.
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ABGSTRACT

=

COMPOSITE TURBOMACHINE BLADE WITH IN-BUILT ROOT

A turbine engine blade (100) of composite material
comprising fiber reinforcement obtained by multilayer
weaving of yarns and densified by a matrix. The Dblade
has a first portion constituting an ailrfoil (120) forming
a single piece with at least one second portion
constituting a blade root (130). The fiber reinforcement
portions corresponding to the first and second portions

of the blade (100) are mutually interleaved, at least 1n

portion penetrating into the first fiber reinforcement

portion.

Translation of the title and the abstract as they were when originally filed by the
Applicant. No account has been taken of any changes that might have been made

subsequently by the PCT Authorities acting ex officio, e.g. under PCT Rules 37.Z,

38.2, and/or 48.3.
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COMPOSITE TURBOMACHINE BLADE WITH IN-BUILT ROOT

Rackground of the invention

The 1nventlon relates to turbine engine blades made
of composite materilial comprising fiber reinforcement
densified with a matrix.

The 1ntended field 1s that of gas turbine blades for
aeroehgines or for i1ndustrial turbines.

Proposals have already been made for fabricating
turbine engine blades out of composite material.
Reference may be made 1n particular to international
patent application WO 2010/061140 filed jointly by Snecma
and Snecma Propulsion Solide. That application describes
fabricating a turbine engine blade out of composite
material comprising fiber reinforcement densified by a
matrix. More precilsely, that method presents the feature
of the fiber blank made by multilayer weaving
incorporating two textures that cross each other so that,
after shaplng, they form a one“piebe fiber preform having
a first portion forming a preform for an airfoil and a
blade root, and at least one second portion forming a

preform for an i1nner platform or an outer platform of the

plade. Thus, after the preform has been densified, 1t is
possible to obtain a composite material blade having
fiber reinforcement constituted by the preform and
densified by the matrix, and {forming a slingle pilece
having an inner and/or an outer platform incorporated

therein.

Under such circumstances, the blade root preform 1is
made by using an 1nsert so as tco form a bulb-shaped
region 1n the portion of the blade corresponding to its
root.

Nevertheless, that technique for forming the blade
root makes industrial fabrication of the blade more
complex and 1ncreases fabrication costs because it gives

rise to large losses of material and regquires handling
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that 1s difficult and that slows down the speed of

production.

Object and summary of the invention

It 1s therefore desirable to be able to have Turbine

engine blades made out of composite material,

particularly but not necessarilily out of thermostructural
composite material such as ceramic matrix composite (CMC)
material, for the turbines or compressors of turbilne
engines, which blades are relatively simple to fabricate
and present very good mechanical strength.

To this end, the present invention provides a method
of fabricating a turbine engine blade out of composite
material comprising fiber reinforcement densified by a
matrix, the method comprising:

making a fiber blank by multilayer weaving a
single piece comprising, 1n the longitudinal direction of
sald fiber blank corresponding to the longiltudinal
direction of the blade to be fabricated: a first set of a
plurality of yarn layers that are interlinked to form a
first portion of the blank cocrresponding to an airfoil

preform; and a second set of one or more yarn layers that

second portion of the blank corresponding to a blade root
preform; the yvarns of the first set of yvarn layers not
being i1nterlinked with the yarns of the second set of
varn layers, the first set of varn layers having the
varns of the second set of varn layers crossing
therethrough 1n the second portion of the blank;

shaping the fiber blank to obtain a one-piece
fiber preform having said first portion forming an
airfoil preform and at least said second portion forming
a blade root preform; and

densifying the preform with a matrix 1n order to
obtain a composite material blade having fiber

reinforcement constituted by the preform and densified by
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the matrix, forming a single piliece incorporating a blade
root.

Compared with prior art methods, the i1nvention
provides for making a blade root that i1is 1ncorporated in
the structure of the blade airfoll by crossing two vyarn
layer sets in the fiber blank 1n the portion thereof that
is to form the blade root. It 1s thus possible to create
a thicker zone 1n the fiber blank and to have a reserve
of material that 1s sufficient for forming a blade root
preform, thus making 1t possible to avold using an 1nsert
as 1n the prior art.

In addition, the vyvarns o0of the fiber reinforcement
portion for the blade root, which 1s the portion of the
blade that 1s subjected to the greatest mechanical
forces, acting mainly via the side portions of the root
that project on either side of the blade and that serve
to retain the blade root i1n 1ts housing agalinst
centrifugal forces, cross the varns of the other fiber
reinforcement portion that constitutes the airfoil of the
blade. By crossing the textures in this way, very good
mechanical strength 1s obtalned at the point where the
blade 1s subjected to the greatest mechanical strength.

Away from this crossing, arranging zones of non-
interlinking between the first and second varn layer sets
enables the fiber preform to be shaped wilithout cutting
any interlinking vyarns, where any such cutting could
result 1n a reduction i1n the mechanical strength of the
fiber reinforcement and thus of the fabricated blade.

According to another feature of the method, the
fiber blank 1s woven with a second continuous set of yarn
layers, and the shaping of the fiber blank comprises
eliminating portions of the second set of yvarn layers

outside the second portion of the fiber blank by cutting
them ocff.

According to yet another feature of the method, it

1ncludes machining said second portion to the shape of

the blade root that 1s to be made, the machining being
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performed after densifying the preform. In a variant
implementation of the method, the preform 1s densilified 1n
two successlive steps. Under such circumstances, a first
machining step may be performed after the first
densification step, and machining may be finished off by
a second machining step performed after the second
densification step.

According to another feature of the method of the
invention, the fiber blank also includes at least one
third portion forming some or all of the following
elements:

an 1lnner platform with or without overhangs and
with or without an anti-tilting rim, and

an outer platform with or without outer platform
overhangs and with or without outer platform wipers;

the shaping of the fiber blank comprising shapilng
the third portion of the fiber blank to obtain a single
piece fiber preform also having said third portion, the
blade obtained after densification of the preform with a
matrix forming a single plece that 1ncorporates a blade
root and that 1ncorporates some cor all of an element
selected from the following elements:

an 1nner platform with or without overhangs and

- with or without an anti-tilting rim; and

an outer platform with or without outer platform

overhangs and with or without outer platform wipers.

The third portion may be formed by the second set of
a plurality of varn lavyers, the first set of varn layers
having varns of the second set of yarn layers Ccrossing
therethrough once more 1n the third portion of the blank.

According to another feature of the present method,
the number of varn layers 1n the second set of varn
layers 1s greater 1n the second portion of the fiber
blank than i1n the third portion.

According to yet another feature of the present

method, the weilight of the yarns in the second set of varn
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layers 1s greater in the second portion of the fiber
blank than in the third portion.

In a variant, the third portion corresponds to a
fiber texture fitted onto the first portion of the fiber
blank.

The 1nvention also provides a turbine engine blade
made of composite material comprising fiber reinforcement
obtained by multilaver weaving of varns and densified by
a matrix, the blade comprising a first portion
constituting an airfoil formed as a single piece with at
least one second portion constituting a blade root, the
fiber reinforcement portions corresponding to the first
and second blade portions being mutually interleaved, at
least 1n part, with the varns of the first fiber
reinforcement portion penetrating into the second fiber
reinforcement portion.

According to a particular aspect of the blade, it
further comprises at least one third portion forming some
or all of the following elements:

an inner platform with or without overhangs and
with or without an anti-tilting rim; and

an outer platform with or without outer platform
overhangs and wilth or without outer platform wipers.

According to a feature of the blade, the fiber
reinforcement portions corresponding to the first and
third portions of the blade are mutually 1nterleaved, at
least 1n part, with varns of the first fiber
reinforcement portion penetrating into the second fiber
reinforcement portion.

The blade may be made of ceramic matrix composite

material.

In another aspect, there is provided a turbine
engine blade made of composite material comprising fiber
reinforcement obtained by multilaver weaving of varns and
densified by a matrix; the blade comprising a first
portion constituting an airfoil formed as a single piece

wlith at least one second portion constituting a blade

CA 2835538 2018-11-07
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root, the first portion constituting an airfoil
comprising a first set of a plurality of varn layers that
are interlinked to form a first portion of the fiber
reinforcement of the blade, the second portion
5 constituting a blade root comprising a second set of one
Or more vyarn layers that are interlinked at least locally
Lo Torm a second portion of the fiber reinforcement of
the blade, the yarns of the first set of varn layers not
being Iinterlinked with the varns of the second set of
10 vard layers, the first set of yarn lavers having the
yarns of the second set of yarn layers crossing
therethrough in the second portion of the fiber
reinforcement of the blade.
In anotner aspect, there is provided a turbire
15 engine blade made of composite material comprising fiber
reinforcement obtained by multilaver weaving of yvarns and
densified by a matrix;
the blade comprising a first portion constituting an

airfoil formed as a single piece with at least one second

CA 2835538 2018-11-07
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Brief description of the drawings

The 1nvention can be better understood from the
following description given by way of non-limiting
indication and with reference to the accompanying
drawings, 1in which:

Figure 1 1s a perspective view of a rotor wheel
blade 1n an embodiment of the invention;

Figure 2 1s a highly diagrammatic view of the
arrangement of two sets of yarn layers 1n a multilayer
woven fiber blank for making a fiber preform for a blade
of the kind shown 1n Figure 1;

Figures 3 to 5 show successive steps 1n making a
fiber preform for a blade as shown 1n Figure 1, from the
fiber blank of Figure Z;

Figure 6A 1s a fragmentary warp section view 1n a
portion of the Figure 2 fiber blank corresponding to the
location of the junction between the airfoil and the root
of the blade;

F'igure 6B 1s a fragmentary weft section 1n the
portion of the Figure 2 fiber blank corresponding to the
location of the junction between the airfoil and the root
of the blade;

Figure 7A 1s a fragmentary warp section view 1n a
portion of the Figure 2 fiber blank corresponding to the
location of the junction between the airfoil and the

r“.

outer platform of the blade;

Figure 7B 1s a fragmentary weft section in the

location of the junction between the airfoil and the
outer platform of the blade;
F'igure 8A 1s a weft section view showing an

example weft varn arrangement 1n a portion of the fiber

blank corresponding to a blade root portion;

Figures 8B to 8D are weft section views showing
warp planes for one example o0f multilavyer weaving 1n the

fiber blank portion of Figure 8A; and
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Figures 9 and 10 are highly diagrammatic views of

variant embodiments of the blade root.

Detaliled description of embodiments

The invention 1s applicable to various types of
turbine engine blade that, 1n accordance with the
invention, comprise at least one root incorporated with
the airfoil structure. The blades 1n gquestion are 1in
particular compressor and turbine blades for various gas
turbine spools and they may also incorporate other
elements such as, 1n particular, an 1nner platform
possibly provided with an anti-tilting rim and/or
overhang, or an outer platform possibly provided with
overhangs and/or wipers. Nevertheless, the 1nvention

also applies to 1ncorporated-root blades where one or

fiber preform for the blade, 1.e. prior to densification
or after densification.

Figure 1 shows a blade 100 for a low pressure (LP)
turbine rotor wheel that comprises an airfoil 120 and a
root 130 formed by a portion of greater thickness, e.g.
having a bulb-shaped section, and extended by a tang 132.
The blade 120 extends 1n a longitudinal direction between
its root 130 and its tip 121 and 1n cross-section 1t

presents a curved profile of varying thickness defining

two faces 122 and 123, corresponding respectively to the

suction side and to the pressure side of the blade 120,
and each interconnecting the leading edge 120a and the
trailing edge 120b of the blade.

The blade 120 1s mounted on a turbine rotor (not
shown) by engaging the root 130 in a housing of

’.-

complementary shape formed at the periphery of the rotor.

In the presently-described example, the airfoil 120
also has an inner platform 140 and an outer platform 160.

More precisely, at 1ts radially inner end, the
alrfoil 120 is connected to the inner platform 140 having

gr—
-

its outer (or top) face 142 defining the flow passage of
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a gas stream f, radially con the inside. In 1ts end
portions that are upstream and downstream (1in the flow
direction of the gas stream f), the i1nner platform 140 1s
terminated by covering overhangs 144 and 146.

In the example shown, the face 142 of the platform

1s substantially perpendicular to the longitudina.

direction of the blade. Depending on the profile desired
for the i1inside surface of the flow passage for the gas

stream, the face 142 of the platform could equally well

relative to the normal to the longitudinal direction of

the blade, and/or the face 142 may have a profile that 1is

generally not rectilinear, e.g. a profile that 1is curved.
The airfoal 120 1s also connected at 1ts radially
outer end to an outer platform 160 that defines on 1ts
inside (bottom) face lol the flow passage for the gas
stream f, radially on the outside. On its outer (top)
face 1loZ, the outer platform 160 defines a depression or
bathtub 163. Along the upstream and downstream edges of
the bathtub 163, the outer platform 160 carrving wipers
164 and 165 having a profile 1in the form of teeth with

—

ends sultable for penetrating into a layer of abradable

material on a turbline ring (not shown) for the purpose of
reducing clearance between the blade tip and the turbine

ring. In the example shown, the face 161 of the outer

platform 60 presents a curved profile forming overall a

non—-zero angle relative to the normal to the longitudinal

direction of the blade. 1In a variant, depending on the

flow passage, the face 16l could have a profile that 1is
generally rectilinear and/or that extends substantially
perpendicularly to the longitudinal direction of the

blade.

Flgure 2 1s a highly diagrammatic view of a fiber

plank 200 from which a blade fiber preform can be shaped
so that after being densified with a matrix and possibly

atfter being machined, a composite material blade 1is



10

15

20

25

30

35

CA 02835538 2013-11-08

obtained having a root, an inner platform, and an outer
platform that are all incorporated therein, such as the
blade 100 shown 1in Figure 1.

The blank 200 comprises two fiber strips 202 and 204
that are obtained by three-dimensional weaving or
multilayer weaving, and only the geometrical envelopes of
these two portions are shown 1n Filgure 2. For greater

clarity 1n Figure 2, the strips 202 and 204 are shown as

belng spaced apart from each other. Nevertheless, 1n
reality, the strip 204 1s woven as clcse as possible to
the strip Z202.

The fiber strip 202 has a first portion 202c that,
after shaping, 1s to constitute a blade fiber preform

portion corresponding to an airfoil preform, this portion

of the airfoill and a face 202b that 1s to form the
suction side of the airfoil. The strip 202 also has a
third portion 202e of greater thickness that 1s to
constitute a blade root preform portion and that 1is
connected to the first portion 202c¢ by a second portion

202d of tapering thilckness that 1s to constitute a blade

tang preform.

After being shaped, the fiber strip 204 1is to
constitute those portions of the blade fiber preform that
correspond to preforms for the rcot, for the 1nner
platform and tor the outer platform (i1ncluding their
overhang plates) of the blade.

The two strips 202 and 204 extend generally in a
direction X corresponding to the longitudinal direction
of the blade that 1s to be made. 1In its thicker portion
202e that 1s to form a blade root preform, the fiber
strip 202 presents thickness eZ2l1, e.g. 1n the range about
5 millimeters (mm) to © mm, and i1n 1ts portion 20Z2c¢ that

1s to form an airfoil preform i1t presents a thickness e22

that 1s less than the thickness eZ2l1, e.g. about 3 mm on
average. The thickness e22 may vary along the length of

the portion that 1s to form an airfoil preform as a
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function of the thickness of the airfoil profile of the
blade that 1s to be made.

In 1ts portion that 1s to form a blade root preform
portion corresponding to the connection portion 230c as
described below, the fiber strip 204 presents a thickness
e4l, e.g. lyling 1n the range about 4 mm to 5 mm, zand 1in
1ts other portions corresponding 1n particular to the
connection portions 240c and 250c described below, 1t
presents a thickness ed”Z that 1s less than the thickness
e4dl, e.g. of about 3 mm.

The fiber strip 202 presents a width / that 1s
selected as a function of the developed length of the
profile (1.e. 1ts length when flat) of the airfoil of the
blade to be made, while the fiber strip 204 has a width L

greater than f{ that 1s selected as a function of the
developed lengths of the i1nner platform and of the outer
platform of the blade to be made.

The strip 204 has a first portion Z04a and a third
portion 204c that extend along and beside the second face
202b (suction side) of the strip 202, and a second
portion 204b and a fourth portion 204d that extend along
and beside the first face 202a (pressure side) of the
strip 202.

The portions 204a and 204b are connected together by
a connection portion 230c that extends transversely
through the strip 202 at a location corresponding to the
location of the root of the blade to be made. The

connection portion 230c passes through the strip

substantially perpendicularly to the longitudinal
direction of the fiber blank.

The portions 204b and 204c are connected together by
a connection portion 240c that extends transversely
through the strip 202 at a location corresponding to the
location of the inner platform of the blade to be made.
The connection portion 240c passes through the strips
substantially perpendicularly to the longitudinal

direction of the fiber blank.
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The portions 204c and 204d are connected together by
a connection portion 250c that extends transversely
through the strip 202 with an undulating profile at a
location corresponding to the location of the outer
platform of the blade to be made.

As mentioned above, depending on the shapes desired
for the root, the inner platform, and the outer platform
of the blade, one or more connection portions 230c, 240c,
and Z2o0c¢ may pass through the strip 202 perpendicularly
or at a non-zero angle relative to the normal to the
longitudinal direction X of the blank, and/or may present
a profile that 1s rectilinear or curvilinear.

As described 1n greater detail below, the strips 20Z
and 204 are woven simultaneously by multilayer weaving,
without Interlinking between the strip 202 and the
portions 204a, 204b, 204c, and 204d of the strip 204,
wilith a plurality of blades 200 beling woven continuously
1n succession in the direction X.

The extra thicknesses e2]1 and ed4l respectively in
the strips 202 and 204 may be obtained 1n particular by
using yarns of greater weight in these zones and/or by
increasing the number of weft or warp varn layers in
these zones.

Figures 3 to 5 are highly diagrammatic and they show
how a fiber preform of shape close to that of the blade
that 1s to be fabricated can be obtalined from the fiber
blank 200.

The fiber strip 202 1s cut through at one end of its
thicker portion 202e beneath the connection portion 230c¢,
and at another end a little beyond the connection portion
250c so as to have a strip 220 of length corresponding to
the longitudinal dimension of the blade that 1s to be
fabricated with an enlarged portion 230 formed by a
thicker portion 20Ze and situated at a location
correspondling to the position of the root of the blade to

pbe fabricated. The strip 220 presents a face 220a for
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forming the pressure side of the airfoilil and a face 220b
for forming the suction side of the airfoal.

Furthermore, cuts are made at the ends of the
portions 204a and 204d of the strip 204 and 1n the
portions 204b and 204c thereof 1n order to leave segments

230a and 230b on either side of the connection portion

230c, segments 2Z240a and 240b on elther side of the
connection portion 240c, and segments 250a and 250b on
elther side of the connection portion 250c, as shown in
Figure 3. The lengths of the segments 230a, 230b, 240a,
240b, 250a, and 250b are determined as a function of the
width of the root, the 1nner platform, and the outer
platform of the blade to be fabricated.

Because there 1s no interlinking between the strip

202 of the fiber preform and any of the portions 204a,

- 204b, 204c, and 204d, the segments 230a, 230b, 240a,

240b, 250a, and 250b can be folded perpendicularly to the
strip 220 without cutting varns 1n order to form plates
230, 240, and 250 as shown 1in Figure 4.

A fiber preform 300 for the blade that 1is to be
fabricated 1s then obtalined by mclding and deforming the
strip 220 so as to reproduce the curved profile of the
blade airfoil and deforming the plates 240 and 250 so as
to reproduce shapes that are similar respectively to the
shape of the 1nner platform and to the shape of the outer
platform, as shown 1n Figure 5. After densification, the
preform 300 1s machined to glve the plate 230 a shape
similar to the shape of the root of the blade to be made.
This produces a preform 300 with an airfoil preform

portion 320, a root preform portion 330 (including a tang

preform portion), and preform portions 340 and 350 for
the 1nner platform and for the outer platform.

The fiber blank 200 1s woven using warp vyarns that
extend 1n the longitudinal direction X of the blank, it
being observed that 1t 1s also possible to perform

weaving with weft yarns extending in this direction.
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In an embodiment, the varns used may be varns of
silicon carbide (SiC) provided under the name "Nicalon"
by the Japanese supplier Nippon Carbon and having a
welght (expressed as a number of filaments) of 0.5K (1.e.
500 fi1laments).

Naturally, depending on availilable varn weights,
different combinations of yvarn layer numbers and
variations of thread count and of weight may be adopted
for the profile that 1s to be obtained.

By way of example, the weaving of the fiber blank
200 may be multilayer weaving performed using a satin or
a multi-satin type weave. IL 1s also possible to other
types of multilayer weaving, e.g. multilayer weaving with
a multi-plain weave or weaving with an "interlock" weave.
The term "1nterlock”™ 1s used herein to mean a weave 1in
which each layer of weft yarns links together a plurality
of layers of warp varns, with all of the yvarns in a given
weft column having the same movement 1n the weave plane.

Various ways of performing multilayer weaving are
described 1in particular 1in Document WO 2006/136755.

Figure 6A 1s a warp section view through the portion

portion 230c of the strip 204 of the Figure 72 fiber

blank, the warp yarns of thils connection portion being

shown 1n section. Each warp varn layer C204 of the strip
204 extends 1n this connection portion 230c 1in a
connection perpendicular to the weft direction t202 of
the strip 202. During weaving, the strip 204 1s passed
from one side to the other of the strip 202 by causing
all of the warp and weft yarns of the strip 204 to be

crossed by each warp yarn of the strip 204 individually.

Figure ©B 13 a weft section view of the weft varns
t202 and t204 respectively of the strips 202 and 204
where the strip 202 1s crossed by the connection portion
230c of the strip 204 of the Figure 2 fiber blank. 1In

the example shown, and as mentioned above, the connection
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portion 230c extends perpendicularly to the direction ot

the warp varn layers C202 of the strip 202.

The warp and weft section views where the strip 202

1s crossed by the connection portion 240c of the strip

204 1n the Figure 2 fiber blank are similar to those
shown in Figures 6A and 6B, but with a smaller number of
warp layvers C202 and C204 respectively in the strips 202
and 204 because of the thickness differences 1n the
strips 202 and 204 between the connection portion 230c
and the connection portion Z240c.

Figure 7TA 1s a warp section view where the strip 202
1s crossed by the connection portion 250c of the strip
204 of the Figure 2 fiber blank. In this portion, the
warp varn layers CZ04 of the strip 204 penectrate between
the weft varns t202 of the straip 202 following a curved
profile as shown in Figure 7A. Naturally, depending on
the shape desired for the outer platform, the layers of
warp varn C204 of the strip 204 may enter and leave the
strip 202 with profiles of other shapes, e.g. profiles

that are rectilinear.

Figure /B 1s a weft section view of the weft yarns
t202 and t204 respectively of the strips 202 and 204
where the strip 202 1s crossed by the connectlon portion
250c of the strip 204. In the example shown, and as
mentioned above, the connection portion 250c extends
perpendicularly to the direction of the warp yvarn layers

C202 of the strip 20Z2.
The thicker portion 202e of the fiber strip 202 and

the extra thickness present in the connection portion

230c of the strip Z04 may be obtained by using weft vyarns
of greater weight and by using extra layers of weft

varns, as shown for example 1n Figure 8A for the thicker
portion 20Z2e.

In Figure B8A, the number of weft varn layers 1n this
example goes from four to seven between a portion 202,
corresponding to the portion 202d of decreasing thickness

that 1s to constitute a blade tang preform and a portion
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202, corresponding to the thicker portion 20Ze of the
strip 202 that 1s to form a blade root preform portion.

In addition, weft yarns t202, t'202, and t"202 of
different weights are used, the yarns tZ202 being Nicalon
SiC varns of weight 0.5K (500 filaments), the yarns t'202
being obtalined by uniting two 0.5K yarns, and the vyarns
t"202 being obtalined by uniting three 0.5K yarns.

The weaving 1in the portion 202, of the blank requires
a greater number of warp yarns than 1in the portion 202,.
This 1s advantageocusly obtained at the transition between
the portions 202, and 2025 by reducing the number of warp
planes by making up each warp plane in the portion 202, by

202,. Figures 8B and 8C show two adjacent warp planes 1in
the portion 202,, and Figure 8D shows a single warp plane
obtained 1in the portion 202, by uniting the warp planes of
Figures 8B and 8C. Figures 8B, 8C, and 8D do not show
the different weights of the warp varns or of the weft
varns {(as shown 1n Filigure 8A) for simplification
purposes. Between Figures 8B and 8C on cne side and
Figure 8D on the other, dashed lines show how the warp
varns of the wvarious layers 1n Figures 8B and 8C form the
warp yvarns of the layers in Figure 8D.

Naturally, 1t 1s possible to adopt other
comblinations of warp layer numbers and of weft vyarn
weights 1n order to form the extra thicknesses present 1in
the portion 20Ze of the fiber strip 202 and 1n the
connection portion 230c of the strip 204.

There follows a description of the successive steps

that may be performed i1in order to shape the fiber preform
of an outer platform element or of a blade of the
invention, and the densification of the preform.

As described above, a fiber blank for forming the

blade 1s woven by multilayer weaving, or by stacking

fiber structures. For turbine engine blades that are for

use at high temperature and in particular 1n a corrosive
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envyironment (1n particular a wet environment), the varns
used for the weaving are made of ceramic fibers, and in
particular of fibers made of silicon carbide (Si1C). For

lower temperatures, 1t 1s also possible to use carbon

fibers.

fabricated i1nvolves using the material that 1s to

constitute the matrix to fill 1n the pores of the
preform, throughout all or part of 1ts volume. This
densification may be performed in known manner using a

f'-

liguid technique (CVL) or the gas technique of chemical

vapor infiltration (CVI), or 1ndeed by chaining both of
those methods.

The liguilid technigue consists 1n 1mpregnating the
preform with a liguid composlition contalning a precursor
for the matrix material. The precursor 1s usually 1n the
form of a polymer such as a resin, possibly diluted in a
solvent. The preform 1s placed 1n a mold that may be
closed 1n leaktight manner with a cavity having the final
shape for the molded part. Thereafter, the mold 1s
closed and the liquid matrix precursor (e.g. a resin) 1S

ihjected throughout the cavity 1n order to 1mpregnate all

The precursor 1s transformed 1nto a matrix, 1i.e. 1t
1s polymerized, by heat treatment, generally by heating
the mold after any solvent has been eliminated and after
the polymer has been cured, the preform being maintained

at all times 1n the mold having the shape that

When forming a matrix of carbon or of ceramic, the
heat treatment consists 1n pyrolyzing the precursor 1n
order to transform the matrix into a matrix of carbon or
of ceramic depending on the precursor used and depending

on pyrolysis conditions. By way of example, liqguid

precursors for ceramic, 1n particular for SiC, may be

resins of the following types: polycarbosilane (PCS); or
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polytitanocarbosilane (PTCS); or polysilazane (PSZ) type;
whereas liguid precursors for carbon may be resins having

a relatively high coke content, such as phenolic resins.

Several cycles running from 1mpregnation to heat

treatment may be performed consecutively 1n order to
reach the desired degree of densification.

In an aspect of the 1Invention, 1n particular when
forming an organic matrix, the fiber preform may be
densified by the well-known resin transfer molding (RTM)
method. In the RTM method, the fiber preform 1s placed
in a mold having the outside shape of the part that 1s to
pe made. A thermosetting resin 1s 1njected 1nto the
inside space of the mold, which contains the fiber
preform. A pressure gradient 1s generally established 1n
sald 1nside space between the location where the resin is
injected and orifices for exhausting said space so as to
control and optimize impregnation of the preform with the
resin.

In known manner, the fiber preform may also be
densifled using a gas technigque by chemical vapor
infiltration (CVI) of the matrix. The fiber preform
corresponding to the structure to be made 1s placed 1n an
oven 1nto which a reaction gas 1s admitted. The pressure
and the temperature that exilist in the oven and the
composition of the gas are selected so as to enable the
gas to diffuse within the pores of the preform so as to

form the matrix in the core of the material by depositing

solid material 1n contact with the fibers, the material

resulting from decomposing an ingredient of the gas or
from a reaction between a plurality of ingredients, as
contrasted with the pressure and temperature conditions
that are suitable for chemical vapor deposition (CVD)
methods that lead to deposition only on the surface of
the material.
An S1C matrix may be formed using

methyltrichlorosilane (MTS) that gives Si1C by the MTS

decomposing, whereas a carbon matrix may be obtained with
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hydrocarbon gases such as methane and/or propane that
gilve carbon by cracking.

Densification combining a liguid technique and a gas
technique may also be used 1n order to facilitate
operations, limit costs, and limit fabrication cycles,
whille obtaining characteristics that are satisfactory for
the i1ntended use.

In particular, the matrix may be obtained using
epoxXy resins, e.g. such as high-performance epoxy resin,
or by using liguid precursors for carbon or ceramic
matrices.

In the presently—-described example, the fiber blank
1s 1mpregnated by a consolidation composition, typically
a resin that 1is optidnally diluted 1n a solvent. It 1is
possible to use a carbon precursor resin, e.g. a phenolic
or a furanic resin, Or a ceramicC pPrecursor resin, e.dg. a
polysilazane or a polyoxysiloxane resin that is a
precursor for SicC.

After drying to ellminate any solvent from the
resin, 1t 1s possible to pre-cure the resin. Pre-curing,
or i1ncomplete curing, serves to 1ncrease stiffness and
thus strength while preserving the capacity for
deformation that 1s necessary for making a preform of an

outer platform element or of a blade.

The fiber blank, in particular the blank for forming

the blade, 1s cut 1in a manner shown in Figure 3.
Thereafter, the blank is shaped {(as shown in

Figure 5) and placed in a mold, e.g. made of graphite, 1in

order to shape the overhang and wiper plates of the outer

platform when making an outer platform element and the

inner platform portion, the root portion, and the airfoil
portion when making the blade.

Thereafter, the resin 1s cured completely and the
cured resin 1s pyrolized. Curing and pyrolysis may be
run on one after the other by progressively raising the

temperature inside the mold.
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After pyrolysis, a fiber preform 1s obtained that is
consolidated with the pyrolysis residue. The quantity of
consolidation resin 1s selected so that the pyrolysis

residue binds the fibers of the preform together

sufficiently to enable 1t to be manipulated while

conserving 1ts shape without help from tooling, it being
understood that the quantity of consolidation resin 1s
preferably selected to be as small as possible.

The consolidated preform 1s then densified with a
matrix. For a turbine engine blade that 1s to be used at
high temperature, and 1n particular 1in a corrosive
atmosphere, the matrix i1is a ceramic matrix, e.g. made of
S1C. Densification may be performed by CVI, in which
case the formation of the interphase second layer and the
densification of the matrix may be run on one after the
other 1n the same oven.

Densi1fication may be performed in two successive
steps separated by a step of machining the outer platform
element or the blade to the desired dimensions.

It should be observed that pre-machining may be
performed after curing and prior to pyrolyzing the resin.
In a variant 1mplementation, the preform may be

consolidated by partial densification while being
maintained in the shaper, consolidation being performed
py depositing ceramic on the fibers by CVI.

The shaper 1s preferably made of graphite and
presents holes for facilitating the passage of reaction
gases leading to the interphase and the ceramic being
deposited by CVI.

Once consolidation 1s sufficient to enable the

preform to be manipulated while conserving its shape
without the existence of supporting tooling, the
consolidated preform 1s extracted from the shaper and
densification with a ceramlic matrix is performed by CVI.
The densification may be performed in two successive
steps separated by a step of machining the outer platform

element or the blade to the desired dimensions.
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In the description above, an ailrfoil profile of
varying thickness 1s made by using vyvarns of varying
weight and/or thread count. In a variant, 1t 1s possible

to make the portion of the fiber blank that corresponds

to the airfoil preform portion with a certain number of

varn layers having the same weight and constant thread
counts, with the wvariation in the thickness of the
profile being obtained during the machining operation
after the first step of densification or during a pre-
machining operation on the consolidated blade preform.
Depending on the intended conditions of use, 1t 1s

(“ﬁ

also possible for the fibers of the fiber reinforcement

of The blade to be made of a material other than a
ceramic, e€.g. to be made of carbon, and for the matrix to
be made of a material other than a ceramic, e.g. to be
made of carbon or of a resin. The blade of the 1nvention
composite (CMC) material, which 1s a material made up of
reintforcement of carbon or ceramic fibers densified by a
matrix that 1s made of ceramlic at least in part, such as
a carbon-carbon/silicon carbide (C-C/SiC) material, a
carbon/silicon carbide (C/SiC) material, a silicon
carbide/silicon carbide (SiC/SiC) material, or a
carbon/carbon (C/C) composite material, which in known
manner 1s a material made up of carbon fiber
reinforcement densified with a carbon matrix.

Naturally, the invention 1s also applicable to
fabricating blades out of organilic matrix composite (OMC)
material, for example such as the material obtained using
a high performance epoxy resin.

The final shape of the blade root 1s machined after

the preform has been densified. When densification is
performed 1n two stages, coarse 1nitial machining of the
plade root preform 1s performed, while finer second
machining to the final shape and dimensions of the blade
root that 1s to be made 1s performed after the second

stage of densifying the preform.
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The shape of the blade root of the invention is not
limited to a bulb shape as shown in Figure 1. Depending
on the shape of the rotor housing in which the blade root
is to be engaged, and/or on the desired distribution of
tforces exerted on the blade root, the blade of the

invention may present numerous other shapes, such as in

particular a shape that 1s rectilinear or cruciform, like

the root 430 of Figure 9, or a shape that 1is
substantially polygonal, like the root 530 of Figure 10.

Furthermore, 1n the above-described blade, the fiber

single piece that incorporates not only a first portion
for forming the ailrfoil of the blade, but also a second
portion for forming the blade root in accordance with the
invention together with third and fourth portions
respectively for forming an 1nner platform and an outer
platform, the second, third, and fourth portions each
being 1nterleaved at least in part with the first portion
(at least the portion of the first portion being crossed
by yvarns of the second, third, and fourth portions).

Nevertheless, the blade of the invention i1s not
limited to such a blade structure.

In general, the blade of the i1nvention covers any
type of blade having a first portion constituting an
alrfoi1l forming a single piece with at least one second
portion forming a blade root, the fiber reinforcement
portions corresponding to the first and second portions
of the blade being mutually interleaved at least in part
wlith the vyarns of the second fiber reinforcement portion
penetrating i1nto the first fiber reinforcement portion,
the blade possibly also including at least:

a third portion forming all or some of the
following elements:
an 1nner platform with or without overhangs
and with or without an anti-tilting rim;
an outer platform with or without overhangs

and with or without wipers; and
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the fiber reinforcement portions
corresponding to the first and to the third portions of
the blade are mutually interleaved, at least 1in part,
with the yarns of the third fiber reinforcement portion
penetrating into the first fiber reinforcement portion as
described in French patent applications Nos. 10/55160 and

10/55161;
a third portion forming scme or all of the

following elements:
an 1nner platform with or without overhangs

and with or without an anti-tilting rim;
an outer platform with or without overhangs

and with or without wipers; and
the fiber blank corresponding to the third

blade, and being fastened thereto, e.g. by stitching;

an inner platform element with or without
overhangs and with or without an anti-tilting rim, the
platform element being fabricated i1ndependently of the
mutually interleaved first and second portions and
subsequently belng fitted onto the airfoilil of the blade
as described 1n international patent application
WO 2010/116066; and

an outer platform element with or without
overhangs and with or without wipers, the outer platform
element being fabricated independently of the first and
second mutually interleaved portions, and subseguently
being fitted on the blade airfoil as described in

international patent application WO 2010/116066.
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CLAIMS

1. A method of fabricating a turbine engine blade out of
composite material comprising fiber reinforcement densified by a
matrix, thé method comprising:

making a fiber blank by multilayver weaving a single piece

comprising, 1n the longitudinal direction of said fiber blank

corresponding to the longitudinal direction of the blade to be
Tabricated:

a first set of a plurality of yarn layers that are
interlinked to form a first portion of the blank corresponding
to an airfoil preform; and

a second set of one or more vyarn layers that are
interlinked at least locally to form at least a second portion
of the blank corresponding to a blade roct preform;

che yarns of the first set of yarn layers not being
interlinked with the yarns of the second set of yarn layers, the
first set of yarn layers having the varns of the second set of
varn layers crossing therethrough in the second portion of the
blank;

shaping the fiber blank to obtain a one-piece fiber preform
having said first portion forming an airfoil preform and at
least said second portion forming a blade root preform; and

densifyling the preform with & matrix in order to obtain a
composite material blade having fiber reinforcement constituted
by the preform and densified by the matrix, forming a single

plece 1incorporating a blade root.

2 . A method according to claim 1, wherein the fiber blank is
woven with a second continuous set of vyarn lavers, and the
shaping of the fiber blank comprises eliminating portions of the
second set of yarn layers outside the second portion of the

fiber blank by cutting them off.
3. A metnhod according to claim 2, further comprising machining

sald second portion to the shape of the blade root that is to be

made .

CA 2835538 2018-11-08
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4, A method according to any one of claims 1 to 3, wherein the
fiber blank comprises at least one third portion forming at

least one of:

an 1lnner platform;

an 1lnner platform with at least one of inner platform
overhangs and an anti-tilting rim;

an outer platform;

an outer platform with at least one of outer platform
overhangs and outer platform wipers; and

whereln the filber blank comprises shaping the third portion
of the fiber blank to obtain a single piece fiber preform also
having said third portion, the blade obtained after
denslification of the preform with a matrix forming a single
piece that i1ncorporates a blade root and that comprises at least
one of:

an i1nner platform;

an inner platform with at least one of inner platform
overhangs and an anti-tilting rim;

an outer platform;

an outer plilatform with at least cne of outer platform

overhangs and outer platform wipers.

o. A method according to claim 4, wherein the third portion is
rormed by said second set of a plurality of yarn layers, the

first set of yarn layers having yarns of the second set of yarn

layers crossing therethrough in the third portion of the blank.

o . A method according to claim 4 or 5, wherein the fiber blank
15 woven with the continucus second Set of yvarn layers, and the
shaping of the fiber blade comprises eliminating portions of the
second set of yarn layers outside the third portion of the fiber
blank, by cutting them off.

7. A metnod according to any one of claims 4 to 6, wherein the
number of yarn layers 1n the second set of varn layers is
greater 1n the second portion of the fiber blank than in the

third portion.

CA 2835538 2018-11-08
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8 . A method according to any one of claims 4 to 6, wherein the
weight of the yarns in the second set of yarn layers 1is greater
1n the second portion of the fiber blank than in the third

portion.

9. A method according to claim 4, wherein the third portion

corresponds to a fiber texture fitted onto the first portion of
the fiber blank.

10. A turbine engine blade made of composite material
comprising fiber reinforcement obtained by multilayer weaving of
varns and densified by a matrix;

the blade comprising a first portion constituting an
alrfoll formed as a single piece with at least one second
portion constituting a blade root, the first portion
constituting an ailrfoil comprising a first set of a plurality of
varn layers that are interlinked to form a first portion of the
fiber reinforcement of the blade, the second pcrtion
constituting a blade root comprising a second set of one or more
varn layers that are interlinked at least locally to form a
second portion of the fiber reinforcement of the blade, the
varns of the first set of yarn lavers not being interlinked with
the yvarns of the second set of yard layers, the first set of
varn layers having the yarns of the second set of yarn lavyers

crossing therethrough in the second portion of the fiber

reinforcement of the blade.

11. A blade according to claim 10, the blade further comprising
at least one third portion forming at least one of:
~an inner platform;
an 1lnner platform with at least one of inner platform
overhangs and an anti-tilting rim;
an outer platform;
an outer platform with at least one of outer platform

overhangs and outer platform wipers.

CA 2835538 2018-11-08
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12. A blade according to claim 11, wherein the fiber
reinforcement portions corresponding to the first and third
portions of the blade are mutually interleaved, at least in
part, with yarns of the first fiber reinforcement portion

penetrating into the second fiber reinforcement portion.

13. A rotor having one or more blades according to any one

claims 10 to 12.

14. A compressor fitted with a rotor according to claim 13.
1>. A turbine engine fitted with a compressor according to
claim 14.

CA 2835538 2018-11-08
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