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ABSTRACT

A vane assembly for a gas turbine engine comprising a number of radial loading elements
disposed between lugs of the vane ring and the vane support, such as to generate a radial
load force against the vane ring. The radial load force prevents unwanted relative

movement between the vane ring and the vane support during operation of the gas turbine

engine.
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RADIAL LOADING ELEMENT FOR TURBINE VANE

TECHNICAL FIELD

The present invention relates generally to gas turbine engines, and more

particularly to turbine vane assemblies thereof.

BACKGROUND OF THE INVENTION

The turbine section of gas turbine engines typically includes a number of stages of
turbine vanes, each composed of a plurality of radially extending vanes which are
mounted within a support structure and often comprise vane ring assemblies. Each of the
ﬁrbine vanes segments is mounted within a surrounding support of the vane ring
assembly. While the turbine vanes must be maintained 1n place, sufficient allowance
must be made for thermal growth differential between the vanes and their supporting
structure, give the high temperatures to which the turbine vanes are exposed. As such, a
given amount. of axial and/or radial looseness is provided between the vane and 1its
support, such as to permit thermal growth and thus to allow for axial and/or radial
movement of the vane within the support while minimizing any potential friction
therebetween. However, such tolerances which allow for thermal growth can sometimes
cause undesirable movement of the vanes at certain temperatures, which can lead to

engine vibration.

SUMMARY OF THE INVENTION

It 1s an object to provide an improved turbine vane assembly for a gas turbine

engine.

In accordance with one aspect of the present invention, there 1s provided a vane
assembly for a gas turbine engine, the vane assembly comprising an inner vane suppbrt
and a vane ring, the vane ring including a plurality of airfoils radially extending between
inner and outer vane platforms, the vane assembly being concentric with a longitudinal
axis of the gas turbine engine, the vane ring having a plurality of lug members radially
protruding therefrom, each lug member being disposed 1n radial sliding engagement with

a corresponding recess of the vane support such as to at least partially support and
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position the vane ring in place within the gas turbine engine, and wherein a radial loading
element is disposed between a remote end of each of the lug members and the vane
support, the radial loading elements generating a radial load force against the vane ring
such as to radially bias the vane ring relative to the vane support, thereby limiting relative
radial movement between the vane ring and the vane support during operation of the gas

turbine engine.

There is also provided, in accordance with another aspect of the present invention,
a vane assembly for a gas turbine engine, the vane assembly comprising an inner vane
support and a vane ring, the vane ring including a plurality of airfoils radially extending
between imnner and outer vane platforms, the vane assembly being concentric with a
longitudinal axis of the gas turbine engine, the vane ring having a plurality of lug
members radially protruding therefrom, each lug member being disposed in radial slidihg
engagement with a corresponding recess of the vane support such as to at least partially
support and position the vane ring in place within the gas turbine engine, and a means for
gehérating a radial load force against the vane support, said means radially biasing the
vane ring relative to the vane support thereby limiting relative radial movement between

the vane ring and the vane support during operation of the gas turbine engine.

There 1s further provided, in accordance with another aspect of the present
invention, a method of reducing vibration 1n a gas turbine engine having a turbine vane
assembly including a vane ring and a vane support, the vane ring having a plurality of
airfoils radially extending between an inner and outer vane platforms deﬁning a gas path
therebetween, the vane ring being concentric with a longitudinal axis of the gas turbine

engine, the method comprising generating a substantially constant radial load against the
vane ring at a number of equally circumiferentially distributed points therecon outside of

the gas path, thereby radially biasing the vane ring relative to the vane support.

BRIEF DESCRIPTION OF THE DRAWINGS

Further features and advantages of the present invention will become apparent
from the following detailed description, taken 1n combination with the appended

drawings, in which:
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Fig. 1 is schematic cross-sectional view of a gas turbine engine;

Fig. 2 is a perspective view of a turbine vane assembly in accordance with one

aspect of the present invention;

Fig. 3 is a perspective view of a portion of the turbine vane assembly of Fig. 2,

showing the vane ring mounted on the inner vane support;

Fig. 4 is a perspective view of a portion of the turbine vane assembly of Fig. 2,

showing only a portion of the vane ring 1n 1solation;

Fig. 5 is a partial cross-sectional view of the turbine vane assembly of Fig. 2; and

Fig. 6 is a schematic front elevation view of the turbine vane assembly of Fig. 2,

showing radial expansion thereof.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

Fig. 1 illustrates a gas turbine engine 10 of a type preferably provided for use 1n
subsonic flight, generally comprising in serial flow communication a fan 12 through
which ambient air is propelled, a multistage compressor 14 for pressurizing the air, a
combustor 16 in which the compressed air 1s mixed with fuel and 1gnited for generating
an annular stream of hot combustion gases, and a turbine section 18 for extracting energy

from the combustion gases.

Fuel 1s mjected into the combustor 16 of the gas turbine engine 10 by a fuel
injection system 20 which is connected in fluid flow communication with a fuel source

(not shown) and is operable to inject fuel into the combustor 16 for mixing with the

compressed air from the compressor 14 and 1gnition of the resultant mixture. The fan 12,

compressor 14, combustor 16, and turbine 18 are preferably all concentric about a

common central longitudinal axis 11 of the gas turbine engine 10.

The turbine section 18 of the gas turbine engine 10 may comprise one or more
turbine stages. In Fig. 1, two turbine stages are shown, including a first, or high pressure
(HP), turbine stage 17, which includes a rotating turbine rotor (not shown) with a plurality

of radially extending turbine blades and a static turbine vane assembly 22, as shown in



CA 02638542 2014-12-09

Fig. 2, which is mounted upstream of the turbine rotor. The HP turbine vane assembly 22

1s disposed immediately downstream from the exit of the combustor 16.

Referring in more detail to Fig. 2, the turbine vane assembly 22 of the HP turbine
stage 17 1s shown. The turbine vane assembly 22 comprises generally an inner vane
support 23 and a vane ring assembly 25 mounted thereto. The vane support 23 1s fixed to
a support structure within the engine. This may be done using bolts or other attachment
means to fix the vane support in place 23. The vane ring assembly 25 includes a plurality
of airfoils 24 which extend substantially radially between an inner vane platform 26 and
an outer vane platform 28, which define an annular gas flow passage therebetWeen. The
outer vane platform 28 engages an outer combustion chamber wall and the inner vane
platform 26 engages an inner combustion chamber wall, thereby defining therebetween
the annular hot gas path from the combustion chamber outlet through the annular passage

of the vane assembly 22.

The vane ring 25 includes at least one airfoil radially extending between the inner
and an outer vane platforms 26, 28 of the ring. The turbine vane ring 25 1s a one-piece

annular stator vane ring.

The vane ring 25 is mounted by a mounting configuration which includes a
number of interlocking lugs 30 disposed on at least the inner platform of the vane ring,
and alternately on at least one of the inner and outer vane platforms, and cooperating
recesses 32 which receive the lugs 30. More specifically, as best seen in Fig. 3, a number
of lugs 30 radially inwardly protrude from the inner vane platform 26 of the vane ring
assembly 25. Each of these lugs 30 are received within corresponding recesses 32 formed
in the radially outer periphery 34 of the vane support 23. The cooperating lugs 30 and
recesses 32 thereby prevent circumferential relative movement between the vane support
23 and the vane ring 25 of the vane assembly 22, while nevertheless allowing for some
radial displacement and/or growth differential therebetween. However, in order to limit
unwanted or excess radial displacement of the vane ring 25 relative to its vane support 23,
the present vane assembly 22 includes a number of radial loading elements 40 which
apply a substantially constant outwardly-directed radial load against the turbine vane ring
25, such as to thereby avoid movement of the vane ring 25 which can cause undesirable

engine vibration.
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Referring to Figs. 3-5, each of the locating lugs 30 of the vane ring 25 includes a
radial loading element 40 fixed to a radially inner end 36 of the lug 30. The radial
loading element 40 can also be fixed to the underside of the remote end 36 of the vane lug
30 by a number of methods, .including welding, brazing and/or riveting. The radial
loading element 40 comprises, in one embodiment, a thin elongated piece of sheet metal
that is bent and inserted under the vane lug 30 between the vane lug and the vane support
member 23 during installation of the vane assembly 22. More specifically, 1n at least one
embodiment, the radial loading element 40 includes a leaf-type spring which has a central
portion 42 and two protruding outer spring arms 44 which extend circumferentially away
from the central portion 42. The central portion 42 of the radial loading element 40 1s
fixed to the remote, or radial inner, end 36 of the lug 30, and the outer spring arms 44 are
received within a channel 46 formed in the radially outer periphery 34 of the vane support
23. The outer spring arms 44 abut at least one inner surface of the channel 46, and are
configured such as to exert a radially-directed biasing force on the lug 30 to which the
radial loading element 40 is fixed. Accordingly, each of the circumferentially spaced
apart radial loading elements 40 exerts a radially directed biasing force on the vane ring
25, which forces the vane ring 25 to maintain a concentric and centralized position within
the engine relative to the central longitudinal axis 11, while preventing excessive radial
movement of the Qane ring 25 relative to its vane support 23. This accordingly reduces
overall vibration when the gas turbine engine 1s 1n operation, as radial displacement of the
vane ring 25 1s limited. This 1s particularly useful when the engine 1s running at low
power or at transient conditions where aerodynamic force may be insufficient to keep the

vane ring 1n place.

The term ‘radial’ as used herein 1s intended to refer to a direction which lies 1n a

plane that is substantially perpendicular to the longitudinal engine axis 11 of the gas
turbine engine 10, and which extends away from the longitudinal axis 11 as a radius of a

circle having the axis 11 at its center.

The radial loading element 40 may be made of spring steel or another suitable
material, provided sufficient resilience is present to permit the radial loadihg clement 40
to naturally return to its un-sprung position (as shown in Fig. 4), such than when the

radial loading element 40 1s compressed 1n position within the channel 46 of the vane
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support 23 (as shown 1n Fig. 3), the radial loading element 40 biases the lug 30 of the
vane ring 25 1n an outwardly radial direction 50 as seen in Figs. 3 and 6. The radial
loading element 40 is installed in a biased state so that it constantly exerts a radial force
on the vane relative to the vane support member. The radial load force exerted on the
vane ring 25 by the radial loading element 40 also increases as the vane grows in the

radial direction due to thermal expansion.

As seen in Fig. 5, the vane support 23 is mounted within a supporting structure 48
of the engine via a number of circumferentially distributed fasteners 56. However, the
vane ring 25 1s mounted to the vane support 23 by the lugs 30 which are radially biased
by the radial loading elements 40 as described above, such that radial movement of the
lugs 30, and therefore entire vane ring 25, remains possible in a radial direction relative to
the fixed vane support 23, such as to allow for radial thermal growth differential and/or
relative radial movement between the vane ring 25 and the vane support' 23 during
operation of the gas turbine engine. The radial loading elements 40 also help to improve
the sealing efficiency of the vane ring 25 within the engine and to reduce fretting on the

parts supported by the vane ring assembly.

Although the radial loading element 40 is depicted and described in the above
embodiment as a leaf-type spring, it is to be understood that the radial loading elements
40 may be formed in a variety of other manners and having a number of alternate
configurations. Other forms, shapes and configurations of spring elem¢nts are also
possible, providing they are able to generate a spring load force in a radial direction when
mounted between each lug 30 of the vane ring 25 and the van support 23.  Further,
although the leaf-springs shown and described herein are individual elements, each one
being fixed to one of the locating lug members 30, the radial loading elements 40 could in
fact be composed of a single annular ring which fits for example within the channel 46 of
the vane support and includes abutting portions which engage each of the lugs at openings

in the circumferential channel.

The constant and balanced radial force generated by the radial loading elements
40 and which is applied against the turbine vane ring 25 of the vane assembly 22
therefore avoids unwanted relative movement between the turbine vane ring 25 and the

vane support 23, which accordingly reduces unwanted engine vibration. This constant
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and balanced radial load force is particularly useful when the engine 1is ru'nning at low
power or at transient power conditions, as the reduced axial aerodynamic force (relative
to the higher aerodynamic forces which act against the vane assembly at higher power
condittons) which acts on the vane assembly are less effective at keeping the vane ring in
place. The radial loading elements 40 nevertheless permits for radial growth differential
and/or relative radial movement, without requiring any radial “looseness” in order to
accommodate such thermal growth of the hot vane ring relative to the cooler vane
support. Friction wear between the vane ring and the vane support is also reduced by the

use of the radial loading elements 40.

As a result of the reduced vane displacement which occurs during engine
operation when the radial loading elements 40 are provided in the vane assembly 22,
several other benefits are also achieved. In tests, these benefits have been found to
include: the significant reduction in engine vibration; reduce wear or fretting on the
support structure engaged with the vane; improved lifespan of seals disposed between the
vane assembly and the other components of the engine; and the improved sealing efficient
which thereby improves the stability of overall engine performance. For example, in one
set of tests wherein a gas turbine engine having a vane assembly 22 with radial loading
elements 40 was run on a test rig, a reduction of 30%-50% in overall engine vibration was

measured.

Although the vane assembly 22 has been described herein with reference to a
turbine vane assembly, 1t 1s to be understood that the present vane assembly 22 can also
be used in the compressor section of the engine as a compressor vane assembly. The
mounting structure and radial load element described above are equally applicable to a
compressor vane assembly 1f desired. Further, although the radial load element has been
described above with respect to the inner vane platform mounting structure, it 1s to be
understood that such a radial load element can also be provided between a mounting
member of the vane outer platform and the corresponding support structure, in addition to

or in place of that used for engaging the vane inner platform to the support structure

within the engine.
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The embodiments of the invention described above are intended to be exemplary.
Those skilled in the art will therefore appreciate that the forgoing description is
illustrative only, and that various other alternatives and modifications can be devised
‘without departing from the spirit of the present invention as defined by the appended
claims. Accordingly, the present i1s intended to embrace all. such alternatives,

modifications and variances which fall within the scope of the appended claims.
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CLAIMS:

l. A vane assembly for a gas turbine engine, the vane assembly comprising an
Inner vane support and a vane ring, the vane ring including a plurality of airfoils
radially extending between inner and outer vane platforms, the vane assembly
being concentric with a longitudinal axis of the gas turbine engine, the vane ring
having a plurality of lug members radially protruding therefrom, each lug
member being disposed in radial sliding engagement with a corresponding recess
of the vane support such as to at least partially support and position the vane ring
in place within the gas turbine engine, and wherein a radial loading element 1s
disposed between a remote end of each of the lug members and the vane suppott,
the radial loading elements generating a radial load force against the vane ring
such as to radially bias the vane ring relative to the vane support, thereby
limiting relative radial movement between the vane ring and the vane support

during operation of the gas turbine engine.

2. The vane assembly as defined in claim 1, wherein said radial loading element 1s

fixed to the remote each of said one of said lug members.

3. The vane assembly as defined in claim 1 or 2, wherein the lug members are

equally distributed about the vane ring.

4. The vane assembly as defined in claim 3, wherein the radial loading elements

generate a balanced annular radial load on the vane ring.

. The vane assembly as defined in any one of claims 1 to 4, wherein the radial

loading elements generate a radially outward load force against the vane ring.

6. The vane assembly as defined in any one of claims 1 to 5, wherein at least the

inner platform of the vane ring has the lug members thereon.
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The vane assembly as defined in claim 4, wherein the lug members radially

inwardly protrude from an inner circumference of the inner platform.

The vane assembly as defined in any one of claims 1 to 7, wherein the vane ring

surrounds the vane support.

The vane assembly as defined in any one of claims 1 to 8, wherein the radial load
force 1s directed in a radial direction which is perpendicular to an axial
acrodynamic load exerted upon the vane ring during operation of the gas turbine

engine.

The vane assembly as defined in any one of claims 1 to 9, wherein the radial

loading element 1s a leaf spring.

The vane assembly as defined in any one of claims 1 to 10, wherein the vane

assembly 1s a turbine vane assembly.

The vane assembly as defined in any one of claims 1 to 11, wherein the radial

loading elements are all integrally formed to define a singie annular ring spring.

A vane assembly for a gas turbine engine, the vane assembly comprising an
inner vane support and a vane ring, the vane ring including a plurality of airfoils
radially extending between inner and outer vane platforms, the vane assembly
being concentric with a longitudinal axis of the gas turbine engine, the vane ring
having a plurality of lug members radially protruding therefrom, each lug
member being disposed 1n radial sliding engagement with a corresponding recess
of the vane support such as to at least partially support and position the vane ring
in place within the gas turbine engine, and a means for generating a radial load
force against the vane support, said means radially biasing the vane ring relative
to the vane support thereby limiting relative radial movement between the vane

ring and the vane support during operation of the gas turbine engine.
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The vane assembly as defined 1n claam 13, wherein said means includes a

plurality of radial loading elements disposed about the vane ring.

The vane assembly as defined in claim 14, wherein the radial loading elements

include leaf springs.

The vane assembly as defined 1n claim 14, wherein the radial loading elements

are disposed between a remote end of each of the lug members and the vane

suppott.

The vane assembly as defined in claim 14, wherein the radial loading elements

generate a radially outward load force against the vane ring.

A method of reducing vibration in a gas turbine engine having a turbine vane
assembly 1including a vane ring and a vane support, the vane ring having a
plurality of airfoils radially extending between inner and outer vane platforms
defining a gas path therebetween, the vane ring being concentric with a
longitudinal axis of the gas turbine engine, the method comprising generating a
substantially constant radial load against the vane ring at a number of equally
circumierentially distributed points thereon outside of the gas path by providing
radial loading elements which are disposed between a [lug member on at ieast one
of the inner and outer vane platforms and the vane support and using the radial
loading elements to exert individual radial load forces about the vane ring,

thereby radially biasing the vane ring relative to the vane support.

The method of claim 18, further comprising exerting the radial load on the inner

platform of the vane ring in a radially outer direction.
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