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COATING POCKET STRESS REDUCTION
FOR ROTOR DISK OF A GAS TURBINE ENGINE
CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims priority to U.S. Patent Appln. Serial No. 61/866,323

filed August 15, 2013, which is hereby incorporated herein by reference in its entirety.

BACKGROUND

[0002] The present disclosure relates to a gas turbine engine and, more particularly,
to a rotor disk of increased stress/strain capabilities with coating pockets.

[0003] Gas turbine engines, such as those that power modern commercial and
military aircraft, generally include a compressor section to pressurize an airflow, a combustor
section to burn a hydrocarbon fuel in the presence of the pressurized air, and a turbine section to
extract energy from the resultant combustion gases.

[0004] The compressor section includes a case circumscribing an engine axis and
axially alternating arrays of stationary vanes and rotatable blades. Each vane array may be
constructed of multiple vane clusters distributed circumferentially about the interior of the case
with each cluster being supported by the case. Some vane arrays include clusters of cantilevered
vanes.

[0005] During engine operation, the cantilevered vanes are disposed in close
proximity to a rub strip material recessed within a coating pocket of a rotor spacer arm. Under
some operational conditions, the coating pocket may observe increased stress within the rotor

spacer arm and thereby result in undesirable coating spallation.
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SUMMARY

[0006] A rotor for a gas turbine engine, according to one disclosed non-limiting
embodiment of the present disclosure, includes a rim that extends transverse to the web. The rim
has a rotor spacer arm which defines a coating pocket and a stress relief protrusion opposite the
coating pocket.

[0007] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the stress relief protrusion defines a point mismatch.

[0008] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the stress relief protrusion defines a first radius and a second radius. The first radius
is blended into the web. In the alternative or additionally thereto, in the foregoing disclosed non-
limiting embodiment, the first radius is at least about twice the radius of the second radius. In the
alternative or additionally thereto, in the foregoing disclosed non-limiting embodiment, the first
radius is about 450 mils (0.45 inches) and the second radius is about 160 mils (0.16 inches).

[0009] In a further embodirhent of any of the foregoing embodiments of the present
disclosure, the stress relief protrusion is axially aft of the web.

[0010] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the stress relief protrusion is axially between a first corner radius and a second corner
radius of the coating pocket.

[0011] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the stress relief protrusion is axially aft of a high stress region axially between a first

corner radius and a second corner radius of the coating pocket.
2-
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[0012] A rotor for a gas turbine engine, according to another disclosed non-limiting
embodiment of the present disclosure, includes a rotor hub defined along an axis of rotation; a
web that radially extends from the rotor hub; and a rim that axially extends from the web. The
rim defines a first rotor spacer arm and a second rotor spacer arm. The first and second rotor
spacer arm each includes a coating pocket. At least one rotor spacer arm includes a point
mismatch on an inner surface opposite the coating pocket.

[0013] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the point mismatch is axially aft of the web.

[0014] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the point mismatch defines a first radius and a second radius. The first radius is
blended into the web.

[0015] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the first radius is at least about twice the radius as the second radius.

[0016] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the point mismatch is axially between a first corner radius and a second corner radius
of the coating pocket.

[0017] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the point mismatch is axially aft of a high stress region axially between the first
corner radius and the second corner radius.

[0018] A method of stress reduction for a rotor of a gas turbine engine, according to
another disclosed non-limiting embodiment of the present disclosure, includes forming a point
mismatch to add weight to an inner surface of a rotor spacer arm that extends axially from a web

opposite a coating pocket.
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[0019] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the method includes forming the point mismatch with two concavities.

[0020] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the method includes forming the point mismatch with a first radius and a second
radius. The first radius is blended into the web.

[0021] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the method includes forming the point mismatch axially aft of the web.

[0022] In a further embodiment of any of the foregoing embodiments of the present
disclosure, the method includes forming the point mismatch axially between a first corner radius
and a second corner radius of the coating pocket.

[0023] The foregoing features and elements may be combined in various
combinations without exclusivity, unless expressly indicated otherwise. These features and
elements as well as the operation thereof will become more apparent in light of the following
description and the accompanying drawings. It should be understood, however, the following

description and drawings are intended to be exemplary in nature and non-limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Various features will become apparent to those skilled in the art from the
following detailed description of the disclosed non-limiting embodiments. The drawings that
accompany the detailed description can be briefly described as follows:

[0025] FIG. 1 is a schematic cross-section of an example gas turbine engine;
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[0026] FIG. 2 is a schematic expanded cross-section of a portion of a high pressure
compressor with a multiple of rotor disks;

[0027] FIG. 3 is a perspective view of an integrally bladed rotor according to one
disclosed non-limiting embodiment;

[0028] FIG. 4 is an expanded cross-section of a portion of the integrally bladed rotor
of FIG. 3 provided with a stress relief protrusion; and

[0029] FIG. 5 is an expanded view of the stress relief protrusion of FIG. 4.

DETAILED DESCRIPTION

[0030] FIG. 1 schematically illustrates a gas turbine engine 20. The gas turbine
engine 20 is disclosed herein as a two-spool turbo fan that generally incorporates a fan section
22, a compressor section 24, a combustor section 26 and a turbine section 28. The fan section 22
drives air along a bypass flowpath while the compressor section 24 drives air along a core
flowpath for compression and communication into the combustor section 26 then expansion
through the turbine section 28. Although depicted as a turbofan in the disclosed non-limiting
embodiment, it should be understood that the concepts described herein are not limited to use
with turbofans as the teachings may be applied to other types of gas turbine engines.

[0031] The engine 20 generally includes a low spool 30 and a high spool 32
mounted for rotation about an engine central longitudinal axis X relative to an engine static
structure 36 via several bearing structures 38. The low spool 30 generally includes an inner
shaft 40 that interconnects a fan 42, a low pressure compressor 44 (“LPC”) and a low pressure

turbine 46 (“LPT”). The inner shaft 40 drives the fan 42 directly or through a geared
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architecture 48 to drive the fan 42 at a lower speed than the low spool 30. An exemplary
reduction transmission is an epicyclic transmission, namely a planetary or star gear system.

[0032] The high spool 32 includes an outer shaft 50 that interconnects a high
pressure compressor 52 (“HPC”) and high pressure turbine 54 (“HPT”). A combustor 56 is
arranged between the high pressure compressor 52 and the high pressure turbine 54. The inner
shaft 40 and the outer shaft 50 are concentric and rotate about the engine central longitudinal
axis A which is collinear with their longitudinal axes.

[0033] Core airflow is compressed by the LPC 44 then the HPC 52, mixed with the
fuel and burned in the combustor 56, then expanded over the HPT 54 and the LPT 46. The
turbines. 54, 46 rotationally drive the respective low spool 30 and high spool 32 in response to
the expansion. The main engine shafts 40, 50 are supported at a plurality of points by the
bearing structures 38 within the static structure 36. It should be understood that various
bearing structures 38 at various locations may alternatively or additionally be provided.

[0034] With reference to FIG. 2, the HPC 52 includes a multiple of stages with
alternate stationary vane arrays 60 and rotors 62 (only three shown) along an airflow passage 64.
The rotors 62 may be assembled in a stacked configuration as a compressed tie-shaft
configuration, in which a central shaft (not shown) is assembled concentrically within the rotor
stack and axially secured, to generate a preload that compresses and retains the HPC rotors 62
together as a spool. Although the HPC 52 is illustrated in the disclosed non-limiting
embodiment, other engine sections will also benefit herefrom. Moreover, although a particular
number of stages are illustrated, it should be appreciated that any number of stages will benefit

herefrom.
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[0035] Each vane array 60 includes a multiple of cantilevered mounted stator vane
airfoils 66 that extend in a cantilever manner from an outer platform 68 toward the engine central
longitudinal axis X. The outer platform 68 is mounted to the engine static structure 36 such as
an engine case via, for example, segmented hooks or other interfaces. It should be understood
that various vane array configurations will benefit herefrom.

[0036] Each or particular rotors 62 may be an integrally bladed rotor 62B that
includes a multiple of blades 72 integrally mounted to a respective rotor disk 74 (also shown in
FIG. 3). The outer platform 68 of the vane arrays 60 and the rotor disk 74 of the spool at least
partially bounds the airflow passage 64. The multiple of cantilevered mounted stator vane
airfoils 66 extend in a cantilever manner toward the engine axis X to be disposed in close
proximity to the rotor disk 74 across the airflow passage 64.

[0037] The rotor 62B generally includes a hub 76, a rim 78, and a web 80 that
radially extends therebetween. The rim 78 of at least some rotors includes rotor spacer arms 82,
84 that respectively extend axially forward and axially aft with respect to the web 80 to space
adjacent rotors 62A, 62C axially therefrom. It should be appreciated that rotor disks of various
configurations with, for example, a single rotor spacer arm will also benefit herefrom.

[0038] Provision for close clearances between the cantilevered mounted stator vane
airfoils 66 and the rotor disk 74 increases engine efficiency. As such, the rotor spacer arms 82,
84 each include coating pockets 86, 88 which receive a rub material 90 such as zinc oxide,
aluminum oxide or other material upon which the multiple of cantilevered mounted stator vane
airfoils 66 may rub.

[0039] With reference to FIG. 4 and continued reference to FIG. 2, the coating

pockets 86, 88 are defined by a radially outer surface 90 of the rotor spacer arms 82, 84 and are
-7-
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bounded by respective corner radiuses 92, 94. The coating pockets 86, 88 may result in a
relatively high stress concentration factor (Kt; located in the region of arrow S in FIG. 5) which
is a multiplying factor for applied stress that allov;fs for the presence of a structural discontinuity
such as a notch or hole; Kt equals the ratio of the greatest stress in the region of the discontinuity
to the nominal stress for the entire section.

[0040] To offset this stress concentration, a stress relief protrusion 96 is provided on
a radially inner surface 98 (see FIG. 4) opposite the coating pockets 86, 88 (see FIG. 2) as
compared to a non-stress reduction geometry G. The stress relief protrusion 96, in one disclosed
non-limiting embodiment, may be formed as a point mismatch 100) on the radially inner surface
98 aft of the web 80.

[0041} The point mismatch 100 is generally defined by two concavities 102, 104 with
respect to the inner surface 98, and may be generally defined as a cusp or other shape. The point
mismatch 100, in the disclosed non-limiting embodiment, is axially located between the
respective corner radiuses 92, 94 (also shown in FIG. 5). The stress relief protrusion 96 is
thereby primarily located axially below and in-line with the comer radius 92 closest to the web
80. It should be appreciated that various geometries may alternatively or additionally benefit
herefrom.

[0042] A first radius 106 and a second radius 108 may respectively define the
concavities 102, 104, the first radius 106 blended into the web 80. The first radius 106 is at least
about twice the radius of the second radius 108. In the disclosed non-limiting embodiment, the
first radius 106 is about 450 mils (0.45 inches) and the second radius 108 is about 160 mils (0.16
inches) to provide about 0.11 pounds (50 g) of additional material to reduce stress and thereby

facilitate disk life, coating durability, burst resistance, and strength requirements.
-8-
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[0043] Although the different non-limiting embodiments have specific illustrated
components, the embodiments of this invention are not limited to those particular combinations.
It is possible to use some of the components or features from any of the non-limiting
embodiments in combination with features or components from any of the other non-limiting
embodiments.

[0044] It should be understood that relative positional terms such as "forward," "aft,"

"non

"upper," "lower," "above," "below," and the like are with reference to the normal operational
attitude of the vehicle and should not be considered otherwise limiting.

[0045] It should be understood that like reference numerals identify corresponding or
similar elements throughout the several drawings. It should also be understood that although a
particular component arrangement is disclosed in the illustrated embodiment, other arrangements
will benefit herefrom.

[0046] Although particular step sequences are shown, described, and claimed, it
should be understood that steps may be performed in any order, separated or combined unless
otherwise indicated and will still benefit from the present disclosure.

[0047] The foregoing description is exemplary rather than defined by the features
within. Various non-limiting embodirﬁents are disclosed herein, however, one of ordinary skill
in the art would recognize that various modifications and variations in light of the above
teachings will fall within the scope of the appended claims. It is therefore to be understood that
within the scope of the appended claims, the disclosure may be practiced other than as

specifically described. For that reason the appended claims should be studied to determine true

scope and content.
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CLAIMS

What is claimed is:

1. A rotor for a gas turbine engine, the rotor comprising:

a rotor hub;
a web extending from the rotor hub; and
a rim that extends transverse to the web, the rim having a rotor spacer arm which defines

a coating pocket and a stress relief protrusion opposite the coating pocket.

2. The rotor as recited in claim 1, wherein the stress relief protrusion defines a point
mismatch.
3. The rotor as recited in claim 1, wherein the stress relief protrusion defines a first radius

and a second radius, and the first radius is blended into the web.

4. The rotor as recited in claim 3, wherein the first radius is at least about twice the radius of

the second radius.

5. The rotor as recited in claim 3, wherein the first radius is about 450 mils (0.45 inches)

and the second radius is about 160 mils (0.16 inches).

-10-
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6. The rotor as recited in claim 1, wherein the stress relief protrusion is axially aft of the
web.
7. The rotor as recited in claim 1, wherein the stress relief protrusion is axially between a

first corner radius and a second corner radius of the coating pocket.

8. The rotor as recited in claim 1, wherein the stress relief protrusion is axially aft of a high
stress region axially between a first corner radius and a second corner radius of the coating

pocket.

9. A rotor for a gas turbine engine, the rotor comprising:

a rotor hub defined along an axis of rotation;

a web that radially extends from the rotor hub; and

a rim that axially extends from the web, the rim defining a first rotor spacer arm and a
second rotor spacer arm, and the first and the second rotor spacer arms each including a coating
pocket, wherein at least one rotor spacer arm includes a point mismatch on an inner surface

opposite the coating pocket.

10.  The rotor as recited in claim 9, wherein the point mismatch is axially aft of the web.

11.  Therotor as recited in claim 9, wherein the point mismatch defines a first radius and a

second radius, and the first radius is blended into the web.

-11-
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12. The rotor as recited in claim 11, wherein the first radius is at least about twice the radius

as the second radius.

13.  The rotor as recited in claim 11, wherein the point mismatch is axially between a first

corner radius and a second corner radius of the coating pocket.

14.  The rotor as recited in claim 13, wherein the point mismatch is axially aft of a high stress

region axially between the first corner radius and the second corner radius.

15. A method of stress reduction for a rotor of a gas turbine engine, the method comprising:
forming a point mismatch to add weight to an inner surface of a rotor spacer arm that

extends transverse to a web opposite a coating pocket.

16.  The method as recited in claim 15, further comprising forming the point mismatch with

two concavities.

17.  The method as recited in claim 15, further comprising forming the point mismatch with a

first radius and a second radius, wherein the first radius is blended into the web.

18. The method as recited in claim 16, further comprising forming the point mismatch axially

aft of the web.

-12-
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19. The method as recited in claim 16, further comprising forming the point mismatch axially

between a first corner radius and a second corner radius of the coating pocket.

13-
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