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The invention relates to a guide vane arrangement (1) for deviating the flow In the by-pass flow channel (2) of a driving mechanism
(3), said arrangement comprising an outer ring (4) and an inner ring (5) and essentially radially arranged guide vanes (6)
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(57) Abrege(suite)/Abstract(continued):

therebetween. The outer ring (4) comprises elements (/) for connecting to an outer structure (8) of the driving mechanism, and the
Inner ring (5) comprises elements (9) for connecting to an inner structure (10) of the driving mechanism, a plurality of segments
(11) beling provided to this end. In order to create a guide vane arrangement (1) which Is sufficiently stable and has optimum
aerodynamic properties, each segment (11) Is formed, as a single component, from at least one guide vane (6) with a part (12) of
the outer ring (4) comprising at least two flanges (14) for fixing to the outer driving mechanism structure (8), and a part (13) of the
Inner ring (5) comprising at least two flanges (15) for fixing to the inner driving mechanism structure (10), preferably from a fibre-
reinforced plastic composite material, preferably according to RTM (Resin Transfer Moulding) methods.
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duBere Ring (4) Elemente (7) zur Verbindung mit

(57) Abstract: The invention relates to a guide
vane arrangement (1) for deviating the flow
in the by-pass flow channel (2) of a driving
mechanism (3), said arrangement comprising
an outer ring (4) and an inner ring (5) and
essentially radially arranged guide vanes (6)
therebetween. The outer ring (4) comprises
elements (7) for connecting to an outer structure
(8) of the driving mechanism, and the inner ring
(5) comprises elements (9) for connecting to an
inner structure (10) of the driving mechanism, a
plurality of segments (11) being provided to this
end. In order to create a guide vane arrangement
(1) which is sufficiently stable and has optimum
aerodynamic properties, each segment (11) is
formed, as a single component, from at least
one guide vane (6) with a part (12) of the
outer ring (4) comprising at least two flanges
(14) for fixing to the outer driving mechanism
structure (8), and a part (13) of the inner ring
(5) comprising at least two flanges (15) for
fixing to the inner driving mechanism structure
(10), preferably from a fibre-reinforced plastic
composite material, preferably according to

RTM (Resin Transfer Moulding) methods.

(57) Zusammenfassung: Die Erfindung
betrifft eine Leitschaufelanordnung (1) zur
Umlenkung der Strémung im Nebenstromkanal
(2) eines Triebwerks (3), mit einem &duleren
Ring (4) und einem inneren Ring (5)
und dazwischen 1im Wesentlichen radial
angeordneten Leitschaufeln (6), wobei der

[ Fortsetzung auf der niichsten Seite]
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einer duleren Triebwerksstruktur (8) und der innere Ring (5) Elemente (9) zur Verbindung mit einer inneren Triebwerksstruktur (10)
aufweist, wobei mehrere Segmente (11) vorgesehen sind. Zur Schaffung einer Leitschaufelanordnung (1), welche sowohl ausre-
ichend stabil ist als auch optimale aerodynamische Eigenschaften besitzt, ist jedes Segment (11) zumindest aus einer Leitschaufel
(6) mit einem Teil (12) des duBeren Rings (4) mit zumindest zwei Flanschen (14) zur Befestigung mit der duBeren Triebwerksstruktur
(8) und einem Teil (13) des inneren Rings (5) mit zumindest zwei Flanschen (15) zur Befestigung mit der inneren Triebwerksstruktur
(10) einstiickig vorzugsweise aus faserverstarktem Kunststoffverbundwerkstoff, vorzugsweise im RTM (Resin Transfer Moulding)

-Verfahren, hergestellt.
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Guide-vane arrangement for an engine

The invention relates to a guide-vane arrangement for devi-
ating the flow present in the by-pass flow channel of an engine,
sald arrangement comprising an outer ring and an 1lnner ring and
guide vanes arranged therebetween in a substantially radial man-
ner, wherein the outer ring has elements for connecting to an
outer engine structure, and the inner ring has elements for con-
necting to an inner engine structure, with a plurallity of seg-
ments belng provided.

In particular, the invention relates to jet engines as they
are used with aircraft, 1n particular with large passenger oOr
cargo aircraft. The engine operates according to the principle of
jet propulsion, wherein the ambient air is sucked in and will Dbe
discharged as a propulsion jet. A so-called annular DYy-pass
channel or by-pass is arranged about the engine, with part of the
air flowing through this channel. This by-pass 1s delimited by
the inner engine structure, which encloses the core engine, and
by the outer engine structure. For deviating the flow wlthin the
bv-pass channel, guide vanes are used, which are arranged between
the inner and outer engine structures. Usually, these guide vanes
are formed of metal, in particular titanium, and connected to the
inner and outer engine structures.

In order to provide for the stability necessary, additional
elements are usually provided between the inner and outer engine
structures. These additional braces increase both the production
effort and the total weight of the engine, and they deteriorate
the aerodynamic quality 1n the by-pass.

One of the primary objects 1n aviation englneering 1s to re-
duce welght and to thus save fuel. This 1s why numerous compo-
nents of an ailrcraft are made of plastic composite materials and
not of metal. In the field of development, there 1s the trend to
use fiber-reinforced plastic composite materials also 1n the
structure. Also, 1n the field of engine structure, there 1s the
aim to produce components from lighter fiber-reinforced plastic

composite materials, thus saving weight.
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US 4,596,621 A, for example, shows a method for producing a
so-called cascade made as 1t is known with thrust reversing
mechanisms in engines, with the cascade being made of fiber-
reinforced plastic composite materials. In particular with compo-
nents of complex geometry, a non-automatable or partly-
automatable production of the same from plastic composite materi-
als 1s however not economical.

US 5,624,618 A also describes a method for forming compo-
nents of complex geometry from composite materials, wherein here,
mention is also made of so-called cascades, via which the air 1s
deviated in the opposite direction during thrust reversion. In
contrast to the present guide-vane arrangement, the stability re-
quirements imposed on the cascades of US 5,624,618 A are not that
high.

A gulde-vane arrangement of the present kind 1s known, e.g.,

from EP 1 167 693 Bl, wherein the guide vanes, at their ends, are

provided with aerodynamic linings containing the elements for
connecting to the outer and inner ring of the engine structure.
Correspondingly, the fixing of the segments reguires relatively
high effort and has to be realized by connecting elements ar-
ranged radially.

Also 1in the guide-vane arrangement according to US 5 584 654
A, the fixing of the i1ndividual segments 1nvolves a relatively
high effort.

The construction according to GB 2 418 460 A shows a guilde-

vane arrangement characterized by a structure of particularly low

density. Here, no further details are given as to the connection
of the i1ndividual guide vanes with the outer and inner engine

structures.

The object of the present i1nvention 1s to create a guide-
vane arrangement of the present kind, which meets both the aero-
dynamic and static requirements, and is as light as possible.
Thus, the guide-vane arrangement shall be producible 1n an 1nte-
gral manner, and, moreover, be qguickly exchangeable. The disad-
vantages of known guide-vane arrangements shall be avoided or at

least reduced.
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The inventive object is achieved in that each segment 1s 1in-
tegrally produced from at least one guide vane with a part of the
outer ring having at least two flanges for fixing to the outer
engine structure, and with a part of the inner ring having at
least two flanges for fixing to the inner engine structure. Di-
viding the guide-vane arrangement 1nto a plurality of segments
allows for the same to be produced in a guite simple and quick
manner, irrespective of their complex geometry. At present, 1t
would technically and economically not be possible to produce a
completely integral guide-vane arrangement for a jet engine of a
passenger aircraft with a dimension of several meters. By the
measure that each segment 1s integrally produced from at least
one guide vane with a part of the outer ring and with a part of
the inner ring, each segment of the guide-vane arrangement ful-

fills its static task necessary, which 1is why no further braces

are required between the outer and inner engine structures. In
turn, this allows for a reduction of the total weight of the en-
gine. The segments may be connected to, and correspondingly fixed
to, the inner and outer engine structures in a particularly sim-
ple manner via the flanges which are preferably oriented 1n the
peripheral direction of the engine. By integrating the flanges
into the segments, the fixing elements are integrated 1nto the
gulide-vane arrangement. Basically, connections between the compo-
nents of the guide-vane arrangement may be omitted, but they may
also be provided and/or necessary, depending on the stiffness re-
qulrement. By 1ntegrating the guide-vane arrangement 1nto the en-
gine, the stability necessary 1is achieved, and the developing en-
gine loads can be transferred to the aircraft cell. A further ad-
vantage of dividing the guide-vane arrangement 1nto a plurality
of segments resides 1in that only the segment(s) affected and not
the whole guide-vane arrangement has (have) to be exchanged 1in
case 0of a damaged part of the guide-vane arrangement.
Advantageously, the segments are produced from fiber-
reinforced plastic composite material. Compared to usual modes of
construction with metal, the use of a fiber-reinforced plastic

composite material allows for a significant weight reduction.
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Modern fiber-reinforced plastic composite materials also with-

stand the temperatures of from 100 to 130°C usually present in

the by-pass channel of an engine without any problems. The pre-
sent guide-vane arrangement consists of pure fiber-reinforced
plastic composite material and meets both 1ts static and aerody-
namic regulrements.

Advantageously, the segments of the guide-vane arrangement

are produced from carbon-fiber-reinforced plastics. Besides low

welight, the carbon fibers also have a particularly low tempera-

ture coefficient and a particularly high weight-specific stiff-
ness and strength.

In order to obtain sufficient strength, 1in particular as re-
gards guide-vane arrangements for especially large englnes, 1t 1s
provided that at least a major part of the fibers of each segment
1s continuously arranged from the flanges of the outer ring mem-
per across the at least one guilde vane to the flanges of the 1in-
ner ring member by several diversions. Thus, the continuous fiber
strands are diverted several times, whereby the force may be
guided along the fiber strands and does not have to be trans-
ferred 1n an interlaminar manner. This results in a particularly
high strength of the segments and the whole guide-vane arrange-
ment, whereby additional braces between the outer engine struc-
ture and the 1nner engine structure can be omitted. This, 1in
turn, leads to a lower total weight of the arrangement.

Acccrding to a further feature of the invention, reactive

materials, e.g. thermoplastic filaments are sewed into, or inter-
woven with, the fiber-reinforced plastic composite material. This
allows for particular properties, e.g. strength or impact

strength, to be 1mproved. The carbon fabric used may, e.g., be

interwoven with thermoplastic filaments, and the thermoplastic

material may be dissolved after the resin has been added, thus
1ncreasing impact strength.

Furthermore, sew-ups 1n the fiber-reinforced plastic compos-
1te material may be provided to run substantially transversely to
the web direction, allowing for the interlaminar power transmis-

sion to be improved. Glass fibers, carbon fibers, fibers from
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Kevlar®, or other vyarns, are suitable for being sewn up.

The segments may be produced by resin injection methods,
wherein the RTM (resin transfer molding) and the VARTM (vacuum
assisted RTM) methods are particularly suilted. With such produc-
tion methods, the dry fibers may be inserted into a closed mold,
the mold may be evacuated, and the liguid resin may optionally be
injected under pressure. The resin will cure due to the heat.

In order to allow for as quickly and as simple a fixing of
the segments of the guide-vane arrangement to the outer and/or
inner engine structures, as possible a plurality of bores 1s pro-
vided 1n the flanges for receiving bolts or the like serving as
elements for connecting to the enginge structures.

It 1s not necessary to 1nterconnect the segments of the
gulde-vane arrangement. Nevertheless, 1t 1s certainly possible to
provide a connection between the segments. Here, the segments may
be glued to each other or be i1nterconnected via appropriate con-
necting elements, e.g. bolts, screws, or the like, 1n a detach-
apble manner.

In order to i1mprove stiffness and, at the same time, to en-
sure as low a welght as possible, stiffening elements made of fi-
ber-reinforced plastics may be arranged on the flanges of the
segments and be 1ntegrated therewith.

In crder to protect the segments of the guide-vane arrange-
ment, coetings or protective elements may be provided on the seg-
ments.

Advantageously, these coatlngs or protective elements are
provided on the edges of the at least one guide vane of each seg-
ment, 1in particular on the front edge of the guide vane, seen 1n
respect ¢of the air flow. These coatings or protective elements
may be fcrmed of, e.g., metal. The protective elements may be
glued onto the edge, 1n particular onto the front edge of the at
least one guilide vane of each segment.

The present invention will be explained 1n more detail by
way of the enclosed drawings. Thereiln:

Fi1g. 1 shows a schematic view of an engine 1n sectional rep-

resentation;
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Fig. 2 shows a top view of an inventilive guide-vane

arrangement;

Figs. 3a and 3b show two different perspective views of an

inventive segment of a guide-vane arrangement;

e

Fig. 3c shows an enlarged view of a portion “A” of segment

of a guide-vane from Fig. 3a;
Fig. 4 shows a perspective view of an inventive guide-vane

arrangement; and

‘)

Fig. 5 shows a perspective view of a further embodiment of a

segment of a guide-vane arrangement according to the present
invention.

Fig. 1 schematically shows an engine 3 in partly sectional
representation. The so-called by-pass channel 2 or by-pass 1s
located between an outer engine structure 8 and an inner engine
structure 10, with the cold part of the air flow flowilng
therethrough. The inner engine structure 10 encloses the core

e

engine itself and the hot engine flow. Rotating guide vanes are

provided at the front opening of the engine 3. Therebehind, the
guide-vane arrangement 1 is provided which is fixed between the

outer engine structure 8 and the inner engine structure 10 1n a

non-detachable manner. The guide vanes 6 (cf. Fig. 2) of the
guide-vane arrangement 1 serve to convert the energy supplied Dby
the rotor in the form of a higher flow rate in the peripheral
direction into useful work (pressure increase, thrust). The
guide-vane arrangement 1 consists of an outer ring 4 and an inner
ring 5, and guide vanes 6 arranged therebetween. In order to
connect the guide-vane arrangement 1 to the outer engilne
structure 8 and the inner engine structure 10, connecting
elements 7 are arranged on the outer ring 4 of the guide-vane

arrangement 1, and connecting elements 9 (cf. Fig. 2) are

arranged on the inner ring 5 of the guide-vane arrangement 1. In
the simplest case, these connecting elements 7, 9 may be formed
by bores, through which appropriate bolts, screws or the like may

be placed for connecting the guide-vane arrangement 1 to the

engine structures 8, 10 (cf. Fig. 2).
Fig. 2 shows a front view of a guide-vane arrangement 1

according to the invention. Here, the guide-vane arrangement 1 1s
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divided into a plurality of segments 11, wherein each segment 11

is integrally produced from at least one guide vane 6 with a part

P

12 of the outer ring 4, and with a part 13 of the inner ring 5,

F

the segments preferably being made of fiber-reinforced plastic

composite material (cf. Figs. 3a and 3b). The embodiment of the

guide-vane arrangement 1 illustrated consists of 32 segments with

one guide vane 6 each. It goes without saying that also more or

-

fewer segments 11 may be provided and that also more than one
guide vane 6 may be provided per segment 11. Nevertheless, the

production of a segment 11 with two or more guide vanes ©

involves higher effort.

Figs. 3a and 3b show two different views of a segment 11 of

a guide-vane arrangement 1. The segment 11 includes a part 12 of
the outer ring 4 of the guide-vane arrangement 1 according to

po—

Fig. 2 of a guide vane 6, and a part 13 of the inner ring o5 of

the guide-vane arrangement 1 according to Fig. 2. Additionally,
two flanges 14, 15 each are provided both on the ring member 12
and the ring member 13, with the segment 11 being connectible to
the outer engine structure 8 and the inner engine structure 10

(not illustrated) via said flanges. In order to connect the
segment 11 to the engine structures 8, 10, bores 16, 1/ are

preferably arranged on the flanges 14, 15. These bores 16, 1/
allow for appropriate bolts, screws or the like to be arranged

for fixing to the corresponding structure on the engine structure

p— g

8, 10. At least a major part of the fibers F o:

each segment 11

P

is continuously arranged from the flanges 14 of the outer ring 4

across the guide vane 6 to the flanges 15 of the inner ring o5 by
several diversions. Finally, a coating or protective element 19

(cf. Fig. 5) may be arranged on an edge of the guide vane 6, 1n
particular on the front edge 18 of the guide vane 6, seen 1n

respect of the air flow, or across a surface of the same.

Fig. 4 shows a perspective view of the guide-vane
arrangement 1 according to the present invention. The segments 11
of the guide-vane arrangement 1 are not necessarily

interconnected, nevertheless, they may be glued to each other or
interconnected via corresponding connecting elements (not
illustrated) in a detachable manner.
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P

5 shows a perspective view of a further embodiment of a

segment 11 of a guide-vane arrangement 1, wherein a protective

element 19 1s arranged on, the front edge 18 of the guide wvane o,

for example glued thereonto.

The 1nventive gulde-vane arrangement, which 1s preferably

made of

pure

fiber-reinforced plastic composite material, allows
for low-weight engines to be produced and, since the individual

segments 11 are exchangeable, to be repaired 1n a simpler and

qulcker manner.
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1. A gulde-vane configuration for deflecting a flow 1n a bypass

*

flow channel of an engine,' the configuration comprising:

g
e

a plurality of segments together forming an outer ring, an

F

inner ring, and a plurality of guide vanes extendlng

therebetween in a substantially radial direction, sald segments

pr—
=

being formed of fiber-reinforced plastic composite material;

said plurality of segments each being formed integrally 1in
one piece and each 1ncluding:

at least one guide vane;

F

a part of said outer ring formed with at least two flanges

for fixing said outer ring to an outer engine structure; and

o
—

a part of said inner ring formed with at least two flanges

for fixing said inner ring to an inner engine structure;

continuous fiber strands disposed 1n said segments, at

least a major portion of said continuous fiber strands 1n each

—
fp—

said segment being continuously arranged from said flanges oOr

said part of said outer ring across said at least one gulde vane

to said flanges of said part of said inner ring by several

diversions.

2. The configuration according to claim 1, whereln sald segments

|

"ormed of carbon-fiber-reinforced plastics.

are

3. The configuration according to claim 1, which comprises

reactive materials integrated with said fiber-reinforced plastic

composite material.
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4. The configuration according to claim 3, whereln said reactive

materials are thermoplastic filaments interwoven with said

fiber-reinforced plastic composite material.

5. The configuration according to claim 1, which comprises

reinforcements in said fiber-reinforced plastic composite

material.

6. The configuration according to claim 1, wherein each said

ﬁ

segment 1s a product of a resin 1njection process.

7. The configuration according to claim 6, wherein each said

r—
pp—

segment 1s a product of a resin transfer molding process.

8. The configuration according to claim 6, wherein each said

ﬂﬁ

segment is a product of a vacuum-assisted resin transfer molding

DroCess.

9. The configuration according to claim 1, wherein said flanges

pr—

are formed with a plurality of bores for receiving connecting

elements for mounting to the respective engilne structures.

10. The configuration according to claim 1, wherein said

segments are interconnected with one another.

11. The configuration according to claim 10, wherein said

segments are glued to each other.

12. The configuration according to claim 10, wherein said

1)

segments are detachably interconnected to one another by way O

connecting elements.
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which comprises

13. The configuration according to claim 1,
‘orced plastics formed on said

stiffening elements of fiber-rein:

flanges of said segments.

"iguration according to claim 1, which comprises

14. The con:

coatlings or protective elements on said segments.

"iguration according to claim 14, wherein said

15. The con:

coatings are provided on edges of said at least one gulde vane

of each said segment.

A Pyp—

"iguration according to claim 15, wherein said

1l6. The con:
coatings are disposed on leading edges of said guilde vanes

relative to an air flow.

figuration according to claim 14, wherein said

17. The con:
protective elements are disposed on edges of said at least one

guide vane of each said segment.

sald

"iguration according to claim 17, whereiln

18. The con:
protective elements are disposed on leading edges of sald gulde

vanes relative to an air flow.



CA 02652953 2008-12-30

1/5




CA 02652953 2008-12-30

2/5




CA 02652953 2014-06-20




CA 02652953 2008-12-30

475




5/5

FIG. 5

FIG. 3C
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