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(54) ASSEMBLY FOR MAINTAINING AND RETAINING A GAS TURBINE ENGINE COMPONENT

(57) A gas turbine engine comprises a ring com-
prising an inner ring and an outer ring that define a gas
path therebetween; a vane disposed in the gas path
and supported by the inner ring and the outer ring, the
vane includes an inner platform, an outer platform, and
an airfoil section disposed therebetween, wherein the
inner ring and the outer ring include one or more of: a
flange designed to abut an opposing flange defined by
the inner platform, the outer platform or both, and per-
mit axially aftward movement until abutment occurs to
achieve a nominal tolerance mode; a contact surface
designed to abut an opposing contact surface defined
by the inner platform, the outer platform or both, and
permit axially aftward movement until abutment occurs
to achieve a nominal tolerance mode; and, an angled
contact surface designed to abut an opposing angled
contact surface defined by the inner platform, the outer
platform or both, and permit axially aftward movement
until abutment occurs to achieve a nominal tolerance
mode.
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Description

FIELD OF THE INVENTION

[0001] The subject matter disclosed herein relates to
a gas turbine engine component and, in particular, to
an assembly for maintaining and retaining the gas tur-
bine engine component.

BACKGROUND OF THE INVENTION

[0002] Referring to FIG. 1, previous work identified a
new way of constraining ceramic matrix composite-con-
taining vanes 10 between two monolithic and continu-
ous ceramic rings 20, 30 for the purpose of mounting
and retaining the vanes. Further study and develop-
ment has revealed that under certain circumstances,
single monolithic rings at the inner diameter 20 and
outer diameter 30 are not sufficient. Certain use cases
for ceramic matrix composites, for instance the ring-
strut-ring configuration illustrated in FIG. 1, push the
limitations of ceramic matrix composite structure and
durability. Moreover, this configuration can be further
challenged by the added presence of axial load(s) (as
indicated by arrow 25), circumferential load(s), and/or
pressure load(s) on the component(s) that also contri-
bute to stress(es).
[0003] Consequently, there exists a need for a struc-
tural configuration that distributes the axial, circumfer-
ential, and/or pressure loads to compensate for the
configuration(s) of the prior as well as the limitations of
ceramic matrix composite-containing components.

SUMMARY OF THE INVENTION

[0004] The present disclosure is directed, in a first
aspect, to a gas turbine engine, comprising: a turbine
section disposed about an engine axis, the turbine sec-
tion including a ring comprising an inner ring and an
outer ring that define a gas path therebetween; at least
one vane disposed in the gas path and supported by
the inner ring and the outer ring, the vane includes a
lower platform, an upper platform, and an airfoil section
disposed therebetween, wherein at least one of the in-
ner ring and the outer ring include one or more of the
following: (i) at least one aft end or fore end designed to
abut an opposing surface defined by at least one of the
lower platform and the upper platform and permit axi-
ally aftward movement until abutment occurs to
achieve a nominal tolerance mode, (ii) at least one con-
tact surface designed to abut an opposing contact sur-
face defined by at least one of the lower platform and
the upper platform and permit axially aftward move-
ment until abutment occurs to achieve a nominal toler-
ance mode, and (iii) at least one angled contact surface
designed to abut an opposing angled contact surface
defined by at least one of the lower platform and the
upper platform and permit axially aftward movement

until abutment occurs to achieve a nominal tolerance
mode.
[0005] In further embodiments of the present disclo-
sure, including further embodiments of the above ex-
emplary embodiments, the at least one contact surface
protrudes radially-outwardly or radially-inwardly.
[0006] In further embodiments of the present disclo-
sure, including further embodiments of any of the
above exemplary embodiments, the at least one angled
contact surface protrudes radially-outwardly at an angle
with a magnitude of at least 6 degrees from an exterior
surface of at least one of the inner ring.
[0007] In further embodiments of the present disclo-
sure, including further embodiments of any of the
above exemplary embodiments, the at least one angled
contact surface protrudes radially-outwardly at an angle
with a magnitude of greater than 0 degrees and less
than approximately 45 degrees from an exterior surface
of at least one of the inner ring.
[0008] In further embodiments of the present disclo-
sure, including further embodiments of any of the
above exemplary embodiments, the angle comprises a
magnitude of greater than approximately 8 degrees
and less than approximately 15 degrees.
[0009] In further embodiments of the present disclo-
sure, including further embodiments of any of the
above exemplary embodiments, the at least one angled
contact surface comprises a first region having a
rounded contact surface and a second region having a
flat contact surface.
[0010] In further embodiments of the present disclo-
sure, including further embodiments of any of the
above exemplary embodiments, the inner ring and the
outer ring include the at least one angled contact sur-
face.
[0011] In further embodiments of the present disclo-
sure, including further embodiments of any of the
above exemplary embodiments, the inner ring includes
the at least one angled contact surface and the outer
ring includes the at least one contact surface.
[0012] In further embodiments of the present disclo-
sure, including further embodiments of any of the
above exemplary embodiments, the inner ring and the
opposing flange of the lower platform define a clear-
ance gap.
[0013] In further embodiments of the present disclo-
sure, including further embodiments of any of the
above exemplary embodiments, a nominal tolerance
mode comprises the at least one angled contact sur-
face of the inner ring contacting the opposing angled
contact surface of the lower platform and preventing
axially aftward movement.
[0014] In further embodiments of the present disclo-
sure, including further embodiments of any of the
above exemplary embodiments, the nominal tolerance
mode comprises the at least one angled contact sur-
face of the inner ring comprising a first region having a
rounded contact surface and a second region having a
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flat contact surface, the flat contact surface contacting
the opposing angled contact surface and preventing
axially aftward movement.
[0015] In further embodiments of the present disclo-
sure, including further embodiments of any of the
above exemplary embodiments, a nominal tolerance
mode comprises the at least one angled contact sur-
face of the inner ring contacting an opposing angled
contact surface of the lower platform, the at least one
contact surface of the outer ring contacting an opposing
contact surface of the upper platform, and the fore end
of the outer ring contacting a flange of the upper plat-
form, the contact achieving cross-corner loading and
preventing axially aftward movement.
[0016] In further embodiments of the present disclo-
sure, including further embodiments of any of the
above exemplary embodiments, the nominal tolerance
mode comprises the at least one angled contact sur-
face of the inner ring comprising a first region having a
rounded contact surface and a second region having a
flat contact surface, the flat contact surface contacting
the opposing angled contact surface and preventing
axially aftward movement.
[0017] In further embodiments of the present disclo-
sure, including further embodiments of any of the
above exemplary embodiments, a nominal tolerance
mode comprises the at least one angled contact sur-
face of the inner ring contacting an opposing angled
contact surface of the lower platform, the at least one
contact surface of the outer ring contacting an opposing
contact surface of the upper platform, and the fore end
of the outer ring contacting a flange of the upper plat-
form.
[0018] In further embodiments of the present disclo-
sure, including further embodiments of any of the
above exemplary embodiments, the nominal tolerance
mode comprises the at least one angled contact sur-
face of the inner ring comprising a first region having a
rounded contact surface and a second region having a
flat contact surface, the flat contact surface contacting
the opposing angled contact surface and preventing
axially aftward movement.
[0019] In further embodiments of the present disclo-
sure, including further embodiments of any of the
above exemplary embodiments, a nominal tolerance
mode comprises the at least one angle contact surface
of the inner ring comprising a first region having a
rounded contact surface and a second region having a
flat contact surface, and the flat contact face and op-
posing angled contact surface contact each other and
prevent axially aftward movement.
[0020] In further embodiments of the present disclo-
sure, including further embodiments of any of the
above exemplary embodiments, the gas turbine engine
further comprises a compressor section, a combustor
in fluid communication with the compressor section and
the turbine section.

BRIEF DESCRIPTION OF FIGURES

[0021] The features of the disclosure believed to be
novel and the elements characteristic of the invention
are set forth with particularity in the appended claims.
The figures are for illustration purposes only and are
not drawn to scale. The disclosure itself, however, both
as to organization and method of operation, can best
be understood by reference to the description of the
preferred embodiment(s) which follows, taken in con-
junction with the accompanying drawings in which:

FIG. 1, not drawn to scale, is a frontal and cross-
sectional view of a ring-strut-ring configuration of
the prior art found within a gas turbine engine, not
drawn to scale.

FIG. 2, not drawn to scale, illustrates a schematic,
cross-sectional view of a gas turbine engine.

FIG. 3, not drawn to scale, illustrates an exemplary
structural configuration employing an inner ring
with an angled contact surface and a pair of
flanges disposed at each aft and fore end, and an
outer ring having a flange extending radially-in-
wardly.

FIG. 4, not drawn to scale, illustrates an exemplary
structural configuration employing the inner ring of
FIG. 3 and an outer ring also having an angled
contact surface.

FIG. 5, not drawn to scale, illustrates another ex-
emplary structural configuration employing the in-
ner ring of FIG. 3 and an outer ring having an
angled contact surface at an aft end and a fore
end designed to contact a flange of the outer plat-
form.

FIG. 6A, not drawn to scale, illustrates a nominal
tolerance scenario.

FIG. 6B, not drawn to scale, illustrates an off-nom-
inal tolerance scenario without a secondary axial
stop.

FIG. 6C, not drawn to scale, illustrates an off-nom-
inal tolerance scenario with an aft vane platform
flanges that acts as a secondary axial stop.

FIG. 6D, not drawn to scale, illustrates a nominal
tolerance scenario with contact on the linear region
of the angled contact surface.

FIG. 6E, not drawn to scale, illustrates another off-
nominal tolerance scenario with contact on the
rounded region of the angled contact surface.
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FIG. 7, not drawn to scale, illustrates a wedging
condition caused by friction at the angled contact
surface of the inner ring.

FIG. 8, not drawn to scale, illustrates an inner ring
with a high angle contact surface that reduces con-
tact friction and thereby reduces the wedging con-
dition shown in FIG. 7.

DETAILED DESCRIPTION OF THE INVENTION

[0022] The embodiments of the present disclosure
can comprise, consist of, and consist essentially of the
features and/or steps described herein, as well as any
of the additional or optional ingredients, components,
steps, or limitations described herein or would other-
wise be appreciated by one of skill in the art. It is to be
understood that all concentrations disclosed herein are
by weight percent (wt. %.) based on a total weight of
the composition unless otherwise indicated.
[0023] In the discussion below, axial refers to a direc-
tion that coincides with the longitudinal axis of the en-
gine. Radial refers to a direction that is radial with re-
spect to the longitudinal axis of the engine. Circumfer-
ential refers to a direction that corresponds to the cir-
cumference of a circle around the longitudinal axis of
the engine. The leading edge/portion of a structure is
the edge/portion that faces in the direction toward the
flow of the hot gases, i.e., faces upstream. The trailing
edge/portion of a structure is the edge/portion that the
faces in the direction away from the flow of the hot
gases, i.e., faces downstream.
[0024] The present disclosure is directed to a ring-
strut-ring configuration encompassing various embodi-
ments incorporating one or more interior diameter rings
or one or more outer diameter rings or both. By utilizing
a plurality of rings in any one of the various embodi-
ments, the aforementioned loads originating from a
vane may be disseminated to the surrounding struc-
ture(s) in more direct ways, thus limiting the stress(es)
experienced by each individual ring. The exemplary
structural configuration overcomes the manufacturing
and structural limitations mentioned above with respect
to ceramic matrix composite materials, including sili-
con-containing ceramic materials and composite mate-
rials alike.
[0025] Referring now to FIG. 2, a gas turbine engine
200 is schematically illustrated. The exemplary gas tur-
bine engine 100 is a two-spool turbofan engine that
generally incorporates a fan section 120, a compressor
section 140, a combustor section 160 and a turbine
section 180 about an engine centerline longitudinal axis
A. Alternative engines might include an augmenter sec-
tion (not shown) among other systems for features. The
fan section 120 drives air along a bypass flow path in a
bypass duct defined within a fan case, while the com-
pressor section 140 drives air along a core flow path for
compression and communication into the combustor

section 160 then expansion through the turbine section
180. Although depicted as a turbofan gas turbine en-
gine in the disclosed non-limiting embodiment, it should
be understood that the concepts described herein are
not limited to turbofan engines and these teachings
could extend to other types of engines, including but
not limited to, three-spool engine architectures.
[0026] Referring now to FIG. 3, in at least one embo-
diment, an outer diameter ring 200 may comprise an
inner ring 210 and an outer ring 260, and may be con-
centrically disposed about at least one vane 300, e.g.,
a row of vanes 300. The inner ring 210 may include a
surface 215 having an exemplary angled contact sur-
face 220 and a pair of flanges 225, 230 disposed oppo-
site each other at the forward and aft ends. Each flange
225, 230 may extend radially-inwardly and either one or
both may serve a dual role and also act as a retainer
that engages the turbine section 180 (not shown in FIG.
3). The angled contact surface 220 may protrude ra-
dially-outwardly at an angle with a magnitude of at least
6 degrees from the surface 215 of the inner ring 210. In
at least one embodiment, when applying an x-y-z coor-
dinate legend 50 of FIG. 3, the aforementioned angle
may be at least negative 6 degrees as measured from
the highest point of protrusion of the angled contact
surface 220 from the surface 215. In response to the
aerodynamic load (as indicated by arrow 235) and axial
load (as indicated by arrow 240), the angled contact
surface 220 may serve as an axial stop by reacting the
radial compressive load (as indicated by arrows 245a,
245b) experienced due to the contact made by the in-
ner ring 210 and the vane 300, and the bending mo-
ment experienced as the compressive load forces (as
indicated by arrow 250, 255) experienced by the
vane(s) 300.
[0027] Next, the outer ring 260 may include a surface
265 having a radially-inwardly disposed flange 270 at
an aft end. The flange 270 may contact the surface of
an upper platform 305 of the vane 300. In response to
the radial loads (as indicated by arrows 245a, 245b)
and axial load 240, the flange 270 may serve as an
axial stop by reacting the bending moment experienced
as the compressive load forces (as indicated by arrow
250, 255) experienced by the vane(s) 300. The axial
load experienced by outer ring 260 may be reacted to
an outer turbine case (not shown). During operation,
the various aforementioned pressure loads can be ap-
plied to the vane 300 and inner ring 210. In turn, the
vane 300 and inner ring 210 can move aftward axially
(as indicated by arrow 290). This motion can be
stopped by contact with the flange 270 and the vane
300 can pivot (as indicated by arrow 295) about the
point of contact. In turn, the axially aftward motion can
be stopped by the surface-to-surface contact between
the angled contact surface 220 and an opposing angled
contact surface 320 of the vane 300.
[0028] As illustrated in FIG. 3, the distance measured
from a midpoint of the contact between the vane 300
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and angled contact surface 220 (as indicated by
dashed line 333) to the point of contact between the
outer ring 260 and upper platform 305 may be referred
to as the wheelbase 275. The forces acting on the
wheelbase contact points drive a cross-corner load
also being experienced. The distance measured from
a point on an aft surface of an airfoil 330 (as indicated
by dashed line 335) to the point of contact between the
outer ring 260 and upper platform 305 (as indicated by
dashed line 345) may be referred to as the lever arm
285. In addition, the opposing points of contact (as in-
dicated by arrows 245a, 245b) between the angled
contact surface 220 and opposing angled contact sur-
face 320 and the point of contact between the outer
ring 260 and aft end of the upper platform 305 may act
as a cross-corner load and prevent motion induced by
the aforementioned pressure loads. The cross-corner
load (as indicated by arrows 245a, 245b) assists react-
ing the various pressure loads and reducing the bend-
ing moment (as indicated by arrows 250, 255) experi-
enced by the airfoil-platform fillet 340. While the ex-
emplary structural configuration illustrated herein de-
monstrates improved reaction of the various aforemen-
tioned pressure loads during operation, the wheelbase
275 may be enlarged, while the lever arm 285 may be
reduced, so that even greater improvement may be
achieved.
[0029] Referring now to FIG. 4, in at least one embo-
diment, an outer ring 400 may replace the outer ring
260 of FIG. 3, and vane(s) 300 of FIG. 3 may include a
second opposing angled contact surface 350 protrud-
ing radially-outwardly. The outer ring 400 may include a
surface 410 having an angled contact surface 420 pro-
truding radially-inwardly. In at least one embodiment,
when applying an x-y-z coordinate legend 50 of FIG. 4,
the complimentary angles of the angled contact surface
420 and second opposing angled contact surface 350
may protrude radially-outwardly from the surface 410 of
the outer ring 400 or the surface of the upper platform
305 at an angle with a magnitude of greater than 0
degrees. In response to the aerodynamic load (as indi-
cated by arrow 235) and axial load (as indicated by
arrow 240), the angled contact surface 420 may serve
as an axial stop by reacting the radial compressive load
(as indicated by arrows 245a, 245b) and the bending
moment experienced as the compressive load forces
(as indicated by arrow 250, 255) experienced by the
vane(s) 300. As a result, the vane(s) 300 may be con-
strained and not pivot (as indicated by arrow 290) and
move axially aftward due to the contact made between
the angled contact surfaces 220, 420 and second op-
posing angled contact surfaces 320, 350.
[0030] As illustrated in FIG. 4, the distance measured
from a midpoint of the contact between the vane 300
and angled contact surface 220 (as indicated by
dashed line 333) to the point of contact between the
outer ring 260 and upper platform 305 may be referred
to as the wheelbase 275. The forces acting on the

wheelbase contact points drive a cross-corner load
also being experienced. The distance measured from
a point on an aft surface of an airfoil 330 (as indicated
by dashed line 335) to the point of contact between the
outer ring 260 and upper platform 305 (as indicated by
dashed line 345) may be referred to as the lever arm
285. In addition, the point of contact between the
angled contact surface 420 and opposing angled con-
tact surface 350 and the point of contact between the
angled contact surface 220 and opposing angled con-
tact surface 320 may act as a cross-corner load and
prevent motion induced by the aforementioned pres-
sure loads. The cross-corner load (as indicated by ar-
rows 245a, 245b) assists reacting the various pressure
loads and reducing the bending moment (as indicated
by arrows 250, 255) experienced by the airfoil-platform
fillet 340. In this exemplary embodiment, due to the
size of the lever arm 285, the bending moment driven
into the airfoil-platform fillet 340 may be relatively low.
While the structural configuration illustrated herein de-
monstrates improved reaction of the various aforemen-
tioned pressure loads during operation, an even great-
er proportion of the wheelbase 275 being utilized may
be increased.
[0031] Referring now to FIG. 5, in at least one embo-
diment, an outer ring 500 may replace the outer ring
260 of FIG. 3, and vane 300 of FIG. 4 having an upper
platform 305 that may include an aft end 360 having an
opposing raised contact surface 365 extending radially-
outwardly, and a fore end 370 having a flange 375 ex-
tending radially-outwardly from the surface. The outer
ring 500 may include a surface 505 having an aft end
510 and a fore end 515. The surface 505 may include a
raised contact surface 520 extending radially-inwardly
and designed to abut the opposing raised contact sur-
face 365 of the upper platform 305. Likewise, the fore
end 515 may be designed to abut the opposing flange
375 of the upper platform 305. As discussed earlier, the
various loads 235, 240, 245a, 245b exert pressure and
the vane 300(s) desires to move axially aftward (as
indicated by arrow 290). During operation, the flange
375 of vane(s) 300 may contact a fore end 515 of outer
ring 500 and acts as an axial stop. As a result, the pivot
point 570 can relocate from the aft end 360 of the plat-
form to the fore end 370 where the flange 375 prevents
the axially aftward motion. The motion induced by
these aforementioned pressure loads can be stopped
at the point of contact between the angled contact sur-
face 220 and opposing angled contact surface 320 and
the point of contact between the contact surface 520
and opposing contact surface 365. The resultant
cross-corner load assists reacting the various pressure
loads and reducing the bending moment experienced
by the airfoil-platform fillet 340.
[0032] To assist preventing or curtailing axially aft-
ward motion, the angled contact surface 220 of the
inner ring 210 may exhibit and possess an angle whose
slope may facilitate maximum contact and engagement
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with the opposing angled contact surface 320 of the
lower platform 310 as the vane(s) 300 moves axially
aftward. In such a configuration, the inner ring 210
does not resist the force exerted by the aerodynamic
load 235, but rather adds to the bending moment the
vane(s) 300 experiences. Instead, the raised contact
surface 520 may resist the aforementioned bending
moment. In turn, the bending moment may not be
transmitted through the airfoil 330. Rather, the bending
moment may be transmitted through the flange 375 and
upper platform 305. In at least one embodiment, the
raised contact surface 520 and the opposing raised
contact surface 365 may be flat, e.g., a slope of 0 (see
FIG. 5), or may protrude and exhibit an angle. The
aforementioned angle may have a magnitude of great-
er than 0 degrees from the respective surface of the
outer ring 500 and upper platform 305. In at least one
embodiment, when applying an x-y-z coordinate legend
50 of FIG. 5, the aforementioned angle may exhibit a
positive or negative slope. Although either a positive or
negative slope may be utilized, a positive slope may
facilitate the flange 375 maintaining contact with the
pivot point 570 throughout all gas turbine engine oper-
ating conditions. In contrast, the complimentary angles
of angled contact surface 220 and opposing angled
contact surface 320 may only possess a negative slope
and exhibit angles whose magnitude are at least 6 de-
grees.
[0033] As illustrated in FIG. 5, the distance measured
from a point of contact between the flange 375 and fore
end 515 (as indicated by dashed line 530) to a midpoint
of the raised and opposing raised contact surfaces 365,
520 (as indicated by dashed line 540) may be referred
to as the wheelbase 550. The distance measured from
an aft surface of the airfoil 330 (as indicated by dashed
line 535) to the midpoint of the raised and opposing
raised contact surfaces 365, 520 (as indicated by
dashed line 540) may be referred to as the lever arm
560. In this exemplary embodiment, the lever arm 560
may be relatively small when comparted to the wheel-
base 550. In turn, the aerodynamic load 235 may be
reacted through the platforms 305, 310, rather than the
vane(s) 300 and airfoil 330. In doing so, the platforms
305, 310 of vane(s) 300 may effectively react high
bending loads, while the resulting exemplary structural
configuration may protect the airfoil-platform fillet 340.
[0034] Referring now to FIGS. 6A‑6E, in at least one
embodiment, an exemplary structural configuration
may operate in one of two tolerance modes: nominal
tolerance (see FIGS. 6A and 6D) or off-nominal toler-
ance (see FIGS. 6B, 6C and 6E). In the nominal toler-
ance mode, the angled contact surface 220 and oppos-
ing angled contact surface 320 make contact while a
flange 230 of the inner ring 210 does not contact a
flange 380 of the vane(s) 300. In turn, the flanges 230,
380 may define a clearance gap 390. In off-nominal
tolerance mode, the angled contact surface 220 and
opposing angled contact surface 320 may not make

contact while the flange 230 of the inner ring 210 con-
tacts the flange 380 of the vane 300(s). The lack of
contact between the angled contact surface 220 and
opposing angled contact surface 320 may result in the
vane 300 moving axially aftward. Without the flange
380 being present, the vane(s) 300 may continue mov-
ing axially aftward until contacting a downstream gas
turbine engine component(s) (see FIG. 6B). The off-
nominal tolerance mode may occur due to various rea-
sons, e.g., tolerance and/or transient conditions. The
motion induced by these aforementioned pressure
loads can be stopped at the point of contact between
the angled contact surface 220 and opposing angled
contact surface 320 and the point of contact between
the contact surface 520 and opposing contact surface
365. The resultant cross-corner load assists reacting
the various pressure loads and reducing the bending
moment experienced by the airfoil-platform fillet 340.
[0035] When both flanges 230, flange 380 are pre-
sent and make contact during operation, a new pivot
point may form at that point of contact 590 (see FIG.
6C). The aerodynamic load 235, axial load 240, and
radial loads 245a, 245b may now induce a counter-
clockwise rotation (as indicated by arrow 595) about
pivot point 590, which may be facilitated due to radial
sliding occurring at the contact point between a flange
375 of the upper platform 305 and the fore end 515 of
the outer ring 500 (see FIG. 6C). Eventually, as the
motion(s) continues, the angled contact surface 220
and opposing angled contact surface 320 make contact
and any additional load may be reacted by that afore-
mentioned contact as discussed in the prior exemplary
embodiments disclosed herein. Consequently, the ex-
emplary structural configuration may be tolerant to off-
nominal conditions, e.g., tolerance and/or transient
conditions. However, everyday wear may occur more
often. In contrast, under nominal conditions, all the con-
tacts involve surface-to-surface interaction, whereas all
the contacts involve point/line loads under off-nominal
conditions.
[0036] As discussed above, the exemplary structural
configuration of FIG. 6A may operate in a nominal tol-
erance mode or an off-nominal tolerance mode. In at
least one embodiment, the interface between the
angled contact surface 220 and opposing angled con-
tact surface 320 may influence the tolerance mode
being experienced. The angled contact surface 220
may exhibit and possess two different surface regions.
In at least one embodiment, the surface may include
both a first surface region having a rounded contact
face 223 and a second surface region having a flat
contact face 227 (see FIG. 6D). As discussed above,
the flat contact face 227 of the angled contact surface
220 may facilitate the nominal tolerance mode by con-
tacting the opposing angled contact surface 320. In
contrast, when operating under an off-nominal toler-
ance mode, the rounded contact face 223 may assist
distributing the contact load being experienced when
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the clearance gap 390 closes by contacting the oppos-
ing angled contact surface 320 (see FIG. 6E).
[0037] Referring now to FIG. 7, in at least one embo-
diment, an exemplary structural configuration may ad-
dress a potential scenario where the inner ring 210 may
become wedged in place at a contact point 600. The
application of a pressure load on a low angle contact
surface may cause the inner ring 210 to become locked
due to friction, which is also known as wedging. The
inner ring 210 may move axially aftward, contact the
flange 380, and become locked. At the same time, the
vane(s) 300 may move counterclockwise at the contact
point, then may return, in a clockwise motion. When
returning, the vane may reach a lower point of motion
that the vane 300 must overcome and may likely be-
come locked too. If the inner ring 210 becomes locked,
the inner ring 210 may be moved further axially aftward
as additional loads, e.g., aerodynamic 235 and axial
240, are repeated and reapplied. These repeated pres-
sure loads may cause ratcheting that may drive an off-
nominal stress-state.
[0038] Referring now to FIG. 8, in at least one embo-
diment, to counteract the potential for wedging the
complimentary angles of the angled contact surface
220 of the inner ring 210 and the opposing angled con-
tact surface 320 of the lower platform 310 may be in-
creased. By "increased", the exemplary embodiments
disclosed above may exhibit and possess an angle
having a magnitude of at least 6 degrees. In contrast,
the exemplary complimentary angles of the angled con-
tact surface 520 and the opposing angled contact sur-
face 365 may have a magnitude of greater than 0 de-
grees and less than approximately 45 degrees, prefer-
ably greater than approximately 5 degrees and less
than approximately 18 degrees, and more preferably
greater than approximately 8 degrees and less than
approximately 15 degrees from the respective surface
of the inner ring 210 and lower platform 310, respec-
tively. In at least one embodiment, when applying an x-
y-z coordinate legend 50 of FIG. 5, the angle, e.g.,
angled contact surface 220, may be at least negative 6
degrees as measured from the highest point of the pro-
truding angled contact surface 220 from the surface.
Beyond preventing wedging, as well as ratcheting, the
aforementioned angle may ensure less uncertainty with
respect to the axial position of the inner ring 210 due to
dimensional tolerances. As a result, the exemplary
structural configuration may operate more frequently
utilizing surface-to-surface contact rather than line/-
point contacts (see FIG. 6C). In turn, at the aforemen-
tioned surface-to-surface contact points, the resultant
cross-corner load assists reacting the various pressure
loads and reducing the bending moment experienced
by the airfoil-platform fillet 340.
[0039] The exemplary structural configurations dis-
closed herein effectively reduce the bending moment
experienced by the airfoil-platform fillet 340. By sup-
porting the vane(s) with a large wheelbase and provid-

ing a small lever arm at the contact point between the
platform and vane, the bending moment reduces. The
exemplary angled contact surfaces further reduce the
bending moment as the radial compression load be-
comes shared. Further, those same exemplary angled
contact surfaces also are resistant to wedge and ratch-
eting loading disclosed herein. Moreover, as disclosed
herein, the exemplary structural configurations are tol-
erant to off-nominal conditions and, in particular, those
off-nominal conditions that affect the inner ring. Lastly,
the exemplary structural configurations demonstrate in-
creased certainty in the axial position of the inner ring
due to resultant dimensional tolerances.
[0040] While the present disclosure has been particu-
larly described, in conjunction with specific preferred
embodiments, it is evident that many alternatives, mod-
ifications and variations will be apparent to those skilled
in the art in light of the foregoing description. It is there-
fore contemplated that the appended claims will em-
brace any such alternatives, modifications and varia-
tions as falling within the true scope and spirit of the
present disclosure.

Claims

1. A gas turbine engine, comprising:

a turbine section disposed about an engine
axis, the turbine section including a ring com-
prising an inner ring and an outer ring that de-
fine a gas path therebetween;
at least one vane disposed in the gas path and
supported by the inner ring and the outer ring,
the vane includes a lower platform, an upper
platform, and an airfoil section disposed there-
between,
wherein at least one of the inner ring and the
outer ring include one or more of the following:

(i) at least one aft end or fore end de-
signed to abut an opposing surface de-
fined by at least one of the lower platform
and the upper platform and permit axially
aftward movement until abutment occurs
to achieve a nominal tolerance mode,
(ii) at least one contact surface designed
to abut an opposing contact surface de-
fined by at least one of the lower platform
and the upper platform and permit axially
aftward movement until abutment occurs
to achieve a nominal tolerance mode, and
(iii) at least one angled contact surface de-
signed to abut an opposing angled contact
surface defined by at least one of the low-
er platform and the upper platform and
permit axially aftward movement until
abutment occurs to achieve a nominal tol-
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erance mode.

2. The gas turbine engine of claim 1, wherein the at
least one contact surface protrudes radially-out-
wardly or radially-inwardly.

3. The gas turbine engine of claim 1 or 2, wherein the
at least one angled contact surface protrudes ra-
dially-outwardly at an angle with a magnitude of at
least 6 degrees from an exterior surface of at least
one of the inner ring.

4. The gas turbine engine of claim 1, 2 or 3, wherein
the at least one angled contact surface protrudes
radially-outwardly at an angle with a magnitude of
greater than 0 degrees and less than approxi-
mately 45 degrees from an exterior surface of at
least one of the inner ring.

5. The gas turbine engine of claim 4, wherein the an-
gle comprises a magnitude of greater than approxi-
mately 8 degrees and less than approximately 15
degrees.

6. The gas turbine engine of any preceding claim,
wherein the at least one angled contact surface
comprises a first region having a rounded contact
surface and a second region having a flat contact
surface.

7. The gas turbine engine of any preceding claim,
wherein the inner ring and the outer ring include
the at least one angled contact surface.

8. The gas turbine engine of any preceding claim,
wherein the inner ring includes the at least one
angled contact surface and the outer ring includes
the at least one contact surface.

9. The gas turbine engine of claim 8, wherein the in-
ner ring and the opposing flange of the lower plat-
form define a clearance gap.

10. The gas turbine engine of any preceding claim,
wherein a nominal tolerance mode comprises the
at least one angled contact surface of the inner ring
contacting the opposing angled contact surface of
the lower platform and preventing axially aftward
movement.

11. The gas turbine engine of any of claims 1 to 9,
wherein a nominal tolerance mode comprises the
at least one angled contact surface of the inner ring
contacting an opposing angled contact surface of
the lower platform, the at least one contact surface
of the outer ring contacting an opposing contact
surface of the upper platform, and the fore end of
the outer ring contacting a flange of the upper plat-

form, the contact achieving cross-corner loading
and preventing axially aftward movement.

12. The gas turbine engine of any of claims 1 to 9,
wherein a nominal tolerance mode comprises the
at least one angled contact surface of the inner ring
contacting an opposing angled contact surface of
the lower platform, the at least one contact surface
of the outer ring contacting an opposing contact
surface of the upper platform, and the fore end of
the outer ring contacting a flange of the upper plat-
form.

13. The gas turbine engine of claim 10, 11 or 12,
wherein the nominal tolerance mode comprises
the at least one angled contact surface of the inner
ring comprising a first region having a rounded
contact surface and a second region having a flat
contact surface, the flat contact surface contacting
the opposing angled contact surface and prevent-
ing axially aftward movement.

14. The gas turbine engine of any of claims 1 to 9,
wherein a nominal tolerance mode comprises the
at least one angle contact surface of the inner ring
comprising a first region having a rounded contact
surface and a second region having a flat contact
surface, and the flat contact face and opposing
angled contact surface contact each other and pre-
vent axially aftward movement.

15. The gas turbine engine of any preceding claim,
further comprising a compressor section, a com-
bustor in fluid communication with the compressor
section and the turbine section.

5

10

15

20

25

30

35

40

45

50

55



9

EP 4 826 220 A1



10

EP 4 826 220 A1



11

EP 4 826 220 A1



12

EP 4 826 220 A1



13

EP 4 826 220 A1



14

EP 4 826 220 A1



15

EP 4 826 220 A1



16

EP 4 826 220 A1



17

EP 4 826 220 A1



18

EP 4 826 220 A1



19

EP 4 826 220 A1



20

EP 4 826 220 A1

5

10

15

20

25

30

35

40

45

50

55



21

EP 4 826 220 A1

5

10

15

20

25

30

35

40

45

50

55


	bibliography
	abstract
	description
	claims
	drawings
	search report

