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ABSTRACT

GUIDE VANE ARCHITECTURE

Guide vane stage of a turbine engine comprising a series of
fixed blades connecting an inner collar to an outer collar,
characterised in that said fixed blades comprise attachment
platforms with flat surfaces that co-operate with a
plurality of juxtaposed flat facets, said flat facets being
located on the inner face of the outer collar 1n order to
ensure attachment with a contact of a flat/flat type

between the fixed blades and the outer collar.

(Figure 3)
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GUIDE VANE ARCHITECTURE

Field of the invention
[0001] The present invention relates to turbine
engine stators. More specifically, it relates to a guide

vane architecture in an axial compressor of a turbine

engine.

State of the art
[0002] Axial compressors are well known per se and

they are wused 1in several types of application. In
particular, they are used in turbojets.

[0003] These low or high-pressure compressors
comprise several stages of rotating blades that are
separated by guide vane stages whose purpose is to realign
the speed wvector of the fluid coming from the previous
stage before sending it to the next stage.

[0004] These guide wvane stages essentially comprise
fixed blades connecting an outer collar to an i1nner collar,
both being concentric and delimiting the zone of airflow or
aerodynamic flow.

[0005] There are two major types of architecture for
assembling the fixed blades to the outer collar. On the one
hand, there 1s the architecture where the platform of the
blade 1s riveted to the outer collar on the side opposite
the aerodynamic flow; such an architecture is shown 1n
Figure 3 of US patent 6,543,995 Bl. On the other hand,
there 1s the architecture where the platform of the blade
is fixed to the outer collar on the side of the aerodynamic
flow. In the latter case, the platform i1s either attached

by a system of notches, or welded or bolted as shown 1n
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Figure 2, or even riveted. Examples of such embodiments may
be seen 1n documents US 5,584,654 A, US 5,474,419 A, EP 1
936 121 Al and EP 0 953 729 Bl, respectively.

[0006] Except 1n the case where the blades are
welded to the outer collar, the contacts between the
platform of the blade and the outer collar may be of the
type flat-curved, curved-curved or flat-flat, respectively.
[0007] The drawback of flat-curved or curved-curved
types of assembly 1s that the two surfaces in contact do
not fit perfectly. In the case of a flat-curved type of
contact, 1t 1s easy to understand that the two surfaces do
not perfectly fit together. In the case of a curved-curved
type of contact, the manufacturing tolerances are such that
the two surfaces do not have exactly the same radius of
curve and as a result they do not perfectly match each
other.

[0008] If the joint between the two surfaces around
the point of attachment isn’t good, premature wear known as
“fretting” may be caused between the two surfaces in the
event of wvibration. To avoid this phenomenon, it is
necessary to apply pretensioning during the attachment of
the platform of the blade to the collar.

[0009] A flat-flat type of contact where the two
surfaces fit each other perfectly allows to reduce the
strains induced during assembly and to prevent instability
of the positioning of the blade around the attachment
point.

[0010] EP application 1 801 357 Al describes a
stator blade arrangement in a turbine engine comprising a
ring of fixed blades mounted on an outer collar, each blade
having a platform intended to be attached to the outer
collar. The blade arrangement is characterised in that the
outer collar comprises a plurality of individual seats for

the platforms that are machined into the thickness of the
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collar, the shape of each seat matching that of the
corresponding platform. According to a preferred
embodiment, the seats are in the form of recesses with flat
bottoms and the platforms are in the form of plates.

[0011] US Patent 6,543,995 Bl describes a guide vane
where the contact between the platform of the blade and the
outer collar 1s of the flat-flat type. Flat facets are
machined on the outer collar and arranged around the
circumference of the side opposite the aerodynamic flow,
the platform of the blades have flat surfaces on their
inner face (on the side of the blade itself). The contact
between the platform of the blade and the outer collar
occurs on the side that is opposite the aerodynamic flow.
Such assembly architecture requires to machine a series of
wide apertures in the outer collar in order to allow the
blade to pass through it.

[0012] These wide apertures have the drawback of
weakening the material making wup the outer collar.
Moreover, the guide vane architecture disclosed requires
the use of an elastomer material to fill the gaps between
the profile of the blade and the apertures in the outer
collar. This 1s so 1in order to obtain a perfectly smooth

surface on the side of the aerodynamic flow.

Aims of the invention
[0013] The present invention aims to provide a

solution that allows to overcome the drawbacks of the state

of the art.

[0014] The present invention aims more particularly
to provide the architecture for a blade/outer collar
assembly, where the attachment strains are reduced.

[0015] The present invention also aims to provide

the architecture for a blade/outer collar assembly, where
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the only apertures in the outer collar are those required
by the attachment systems (rivets, bolts, “lockbolt”, ..).

[0016] The present invention also aims to provide
the architecture for a blade/outer collar assembly, where
the platforms are arranged in such a way as to improve

aerodynamic performance.

Main characteristic elements of the invention

[0017] The present invention discloses a guide wvane
stage of a turbine engine comprising an assembly of fixed
blades connecting an inner collar to an outer collar, said
fixed blades comprising attachment platforms with flat
surfaces that co-operate with a plurality of juxtaposed
flat facets, said flat facets being located on the inner
face of the outer collar so as to ensure attachment with a
contact of the flat/flat type between the fixed blades and
the outer collar.

[0018] According to particular embodiments of the
invention, the guide vane stage comprises at least one or a
suitable combination of the following features:

- The outer collar is formed by a plurality of juxtaposed

flat segments.

- The platforms are arranged side by side so as to present
a continuous smooth surface to the airflow.

- The outer collar is made of a composite material.

- The only apertures in the outer collar are those required
by the systems for attaching the platforms of the blade

to the inner face of the outer collar.
- The attachment systems comprise a bolted fastener.

- The bolted fastener comprises a threaded bolt fixed to

the blade, said bolt passing through the outer collar to

be bolted to the outer face of the outer collar by a nut.
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- The bolted fastener has an L-shaped flange that 1is
integrated to the platform of the blade and said flange

1s bolted to a flange for fixing the outer collars.
- The attachment systems 1include rivets or “lockbolts”.

- The platforms of the blade are glued to the flat facets

or flat segments of the outer collar, made of composite

material.

- The attachment systems are a combination of rivets,
bolted fasteners and “lockbolts”.

[0019] The present i1nvention also discloses a method

for manufacturing a guide vane stage of a turbine engine

according to Claim 4 comprising a stage of moulding by

resin transfer or a stage of cocuring by resin transfer for

attaching the outer collar to the fixed blades.

Brief descrigtion of the figures

[0020] Figure 1 shows a section of a part of a
turbocompressor.
[0021] Figure 2 shows a 3D view of two types of

blade/outer collar assembly according to the state of the

art.

[0022] Figure 3 shows two 3D views of a contact

between a platform of the blade and an outer collar

according to the invention.
[0023] Figure 4 shows a 3D view of the bolting of

the platform of the blade to the outer collar according to

the i1nvention.

[0024] Figure 5 shows a 3D view of the bolting of
the platform of the blade to the outer collar according to
another configuration of the invention.

[0025] Figure 6 shows a 3D view of the platforms of

the Dblade attached to the outer c¢ollar by means of

“lockbolts” according to the invention.
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Key
(1) Attachment flange between outer collars
(2) Fixed blades
(3) Mobile blades
(4) Inner collar
(5) Outer collar
(6) Abradable seal
(7) Platform
(8) Platform with integrated flange
(9) “Lockbolt”
(10) Flat segment of the outer collar
(11) Bolted fastener

Detailed descrigtion of the invention

[0026] The present invention relates to an
architecture for attaching guide vane blades to the outer
collar 1n a turbocompressor.

[0027] Figure 1 shows a section of a part of a
turbocompressor showing the rotating blades 3 driven by the
shaft of the compressor and the guide wvane blades 2
attached to the inner collar 4 and outer collar 5.

[0028] In the present invention, the outer collar,
instead of being a continuous curved surface, is made up of
a series of flat facets located on the side of the

aerodynamic flow, the flat facets beiling juxtaposed.

[0029] According to one embodiment of the invention,
the outer collar i1s formed by a plurality of flat facets on
the side of the aerodynamic flow and on the side opposite
the aerodynamic flow. In this case, this will be referred
to as an outer collar made up of a plurality of flat
segments, the latter also being juxtaposed.

[0030] In the following, the inner face of the outer

collar or the side of the aerodynamic flow will equally be
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used. The outer face of the outer collar or the side

opposite the aerodynamic flow will also be equally used.

[0031] The outer collar 1is preferably made of a
composite material and produced by a technique of resin

transfer moulding (RTM).
[0032] To establish a contact of the flat-flat type

between the blade and the flat facets or flat segments of
the outer collar, the blades comprise a platform with a
flat surface on the side opposite the blade 1itself.

[0033] According to the invention, the contact
between the platform of the blade and the flat facets or
flat segments of the outer collar is only made on the side

of the aerodynamic flow.

[0034] Figure 3 shows the contact of a flat-flat
type between the platform 7 of the blade 2 and the flat
segments 10 of the outer collar on the inner face of the
outer collar.

[0035] The platforms 7 are arranged side by side so
as to present a continuous smooth surface to the airflow,
which allows to improve aerodynamic performance compared
with a welded configuration where the welded joint
protrudes into the flow.

[0036] The only apertures required in the outer

collar are those of the systems for attaching the platform
of the blade to the 1nner surface of the outer collar.
[0037] According to one particular embodiment of the
invention, the attachment system is a bolted fastener 11
(see Figures 4 and 5). The bolting is achieved at the level
of the flat facets or flat segments of the outer collar or
at the level of the flanges provided for attaching the
collars to each other.

[0038] Figure 4 shows the first configuration. A

threaded bolt fixed to the blade passes through the collar
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and is bolted to the outer collar by a nut on the side
opposite the aerodynamic flow.

[0039] According to the second configuration of
Figure 5, an L-shaped flange 8 is fixed to the platform of
the blade and 1s bolted by connection to the attachment
flange 1 of the outer collars 5 (see also Figure 1).
Moreover, a “lockbolt” 9 also maintains the platform of the
blade 1n contact with the flat facet or segment of the
outer collar.

[0040] According to another embodiment shown in
Figure 6, the platforms of the blade are attached to the
flat facets or segments of the outer collar only by means
of "“lockbolts”. In the example shown, each platform 1is
attached to the flat segment 10 of the outer collar by
means of two “lockbolts” 9.

[0041]) As a variant, the platforms are attached by
means of rivets (not shown).

[0042] According to other embodiments, the blades
may be attached by means of attachment systems that combine
bolted fasteners, rivets and “lockbolts”.

[0043] The i1nvention has the advantage that only one
or two attachment elements, namely the bolted fastener, the
rivet or the “lockbolt”, are required for attaching a

platform of the blade to a flat facet or flat segment of

the outer collar.

[0044] According to another embodiment of the

invention, the platforms are glued to the outer collar or
alternatively the platform of the blade is fitted to the

outer collar by “cocuring”. The latter attachment technique
1s based on the RTM technique and consists in the
simultaneous production of the composite parts (blade and

outer collar) and the joint between the two parts.
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Advantages of the attachment architecture according to the

invention

[0045] The flat-flat contact allows to reduce the
strains of assembly.

[0046] Reducing the static strains during assembly
allows to use composite materials for the outer collar and
light alloys or composites for the blades and, as a result,
reduces welight.

[0047] In the course of the manufacture of an outer
collar made of composite material by the technique of resin
transfer moulding (RTM), the flat facets or flat segments
are directly moulded to their finished dimensions, which
greatly reduces the machining operations compared with the
production processes of the prior art US 6,543,995 BI1,
where the flat facets or flat segments are machined from a
part that 1s roughly made by turning and from which the
openings and holes have to be drilled.

[0048] The junction lines between the platforms of
the blade are not parallel to the speed vector of the
airflow, the 1latter being at an angle relative to the
junction lines. This has the advantage of restricting the
directions of leaks compared with a configuration where the
speed vector of the airflow 1is parallel to the junction
lines, as is the case in the prior art US 6,543,995 Bl, and
therefore of minimising aerodynamic turbulence.

[0049] The presence of adjacent platforms on the
side of the aerodynamic flow allows to reduce the contact
surface between the airflow and the outer collar, which
leads to a reduction 1n the wear of the latter.

[0050] Similarly, the presence of adjacent platforms
ensures a good seal without resorting to the wuse of
elastomer material.

[0051] The only apertures required 1in the outer

collar are those for the attachment holes. In the case of
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attachment by gluing or cocuring, the outer collar 1s free
of any apertures.

[0052] Suppressing the wide apertures in the outer
collar has the advantage of not reducing the structural
strength of the collar. More particularly, this 1s an
advantage for collars made of long-fibre composite where
the apertures 1n the collar cut the fibres and hence

considerably reduce the mechanical strength of the

material.
[0053] In the event of the loss of a fan blade (Fan
Blade Out), suppressing the large apertures and the fact

that the platforms are attached to the inner face of the
outer collar allows to confine the crashing of the blades
within the low-pressure compressor.

[0054] Thanks to this system of blade/outer collar
interface, the fitting of the Dblades 1is ©perfectly
interchangeable, i.e. the platform and the attachment
system may be identical whilst having different profiles or
material for the blades.

[0055] Since the attachment system is mechanical,
this solution 1s advantageous to the removal and
reattachment of the blades during repair, compared with a

welded configuration.
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CLAIMS

1. Guide vane stage of a turbine engine

comprising a series of fixed blades (2) connecting an 1lnner

collar (4) to an outer collar (5), characterised 1in that

sald fixed blades (2) comprise attachment platforms (/)

with flat surfaces that co-operate with a plurality of

facets being located on

L.tk

juxtaposed flat facets, said flat

the inner face of the outer collar (5) 1n order to ensure

flat/flat type between the

attachment with a contact of a
fixed blades (2) and the outer collar (5), wherein said

platforms (7) are positioned side by side so as to present

a continuous smooth surface to the alrflow.
2. Guide vane stage of a turbine engine
according to claim 1, characterised in that the outer

F
—

collar (5) 1is formed by a plurality of Jjuxtaposed flat

segments (10).

3. Guide vane stage of a turbine engine
accordirig to claim 1, characterised in that the outer
collar (5) 1is made of a composite material.

4. Guide vane stage of a turbine engine

according to claim 3, characterised in that the platiorms

(7) of the blades (2) are glued to the flat facets or flat

segments (10) of the outer collar (5) made of a composite

material.

5. Method for manufacturing a guide vane

prem
p—

stage of a turbine engine according to claim 3 comprising a

step of resin transfer moulding to produce the outer

collar.

6. Method for manufacturing a guide vane

stage of a turbine engine according to claim 3 comprising a
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cocurling step by resin transfer for attaching the outer

collar to the fixed blades.
7. Guide vane stage of a turbine engine
according to claim 1, characterised in that a plurality of

apertures 1n the outer collar (5) are only those reqgquired

- the blades

by attachment systems for the platforms (7)) o

L.l

i

(2) on the 1nner face of the outer collar (5).

8. Guide vane stage of a turbine engine

according to claim 7, characterised in that the attachment

systems comprise a bolted fastener (11).
9. Guide wvane stage of a turbine engine

according to claim 8, characterised 1in that the bolted

p_—

fastener (11) has a threaded bolt fixed to the blade (2),
sald bolt passing through the outer collar (5) so as to be

' ad

bolted to the outer face of the outer collar by a nut.

F

10. Guide vane stage of a turbine engine

according to claim 9, characterised 1in that the attachment

systems are a combination of rivets, bolted fasteners and
lockbolts (9).
11. Guide wvane stage of a turbine engiline

according to claim 8, characterised 1n that the bolted

fastener secures an L-shaped flange (8) integrated i1nto the

platform (7) of the blade (2) and in that said flange (8)

is bolted to an attachment flange (1) of the outer collars
(5) .

12. Guide vane stage of a turbine engine

according to claim 7, characterised 1n that the attachment
systems comprise rivets or lockbolts (9).

13. The Guide vane stage of claim 1, whereiln

the attachment platforms are entirely disposed radially

inboard of the collar.
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14. The Guide vane stage of claim 1, wherein

terminating ends of the fixed blades terminate radially

P P

inward of the platform and reside radially inward of the

outer collar.

15. The Guide vane stage of claim 1, wherein

flat facets of the outer collar face the i1nner collar.

#1207993
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