EP 2 865 482 B1

(19)

(12)

(45)

(21)

(22)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(11) EP 2 865 482 B1

EUROPEAN PATENT SPECIFICATION

Date of publication and mention
of the grant of the patent:
19.07.2017 Bulletin 2017/29
Application number: 14186484.3

Date of filing: 25.09.2014

(51)

Int Cl.:

B23P 15/00 (2006.0%) FO1D 5/34 (2006.07)
F01D 5/30(2006.07) FO01D 5/04 (2006.07)
B22C 9/04 (2006.01) B22F 3/11 (2006.01)
B22F 5/00 (2006.07) B22F 3/15 (2006.01)
B22F 5/10 (200607

(54)

Methods for the manufacture of gas turbine engine rotors including intra-hub stress relief

features

Verfahren zur Herstellung Gasturbinengetrieberotoren mit Spannungsentlastungsmerkmale in der

Nabe

Procédés de fabrication de rotors de moteur a turbine a gaz comprenant des élements de soulagement

du stress dans le moyeau

(84)

(30)

(43)

(73)

(72)

Designated Contracting States:
AL AT BEBG CH CY CZDE DK EE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR

Priority: 24.10.2013 US 201314062611

Date of publication of application:
29.04.2015 Bulletin 2015/18

Proprietor: Honeywell International Inc.
Morris Plains, NJ 07950 (US)

Inventors:
Kington, Harry Lester
Morristown, NJ New Jersey 07962-2245 (US)

(74)

(56)

Hann, Brian
Morristown, NJ New Jersey 07962-2245 (US)

Representative: Houghton, Mark Phillip
Patent Outsourcing Limited

1 King Street

Bakewell, Derbyshire DE45 1DZ (GB)

References cited:
EP-A2- 1 978 208
EP-A2- 2 230 382
US-A1- 2008 115 358
US-B1- 8 408 446

EP-A2- 2 058 474
EP-A2- 2 650 474
US-A1-2008 304 974

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 865 482 B1 2

Description
TECHNICAL FIELD

[0001] The present invention relates generally to gas
turbine engines and, more particularly, to embodiments
ofgas turbine engine rotors (e.g., compressor and turbine
rotors) including intra-hub stress relief features, as well
as to methods for producing gas turbine engine rotors
having stress relief features. In particular the present in-
vention relates to a method of manufacturing a Gas Tur-
bine Engine rotor according to the preamble of claim 1.
Such a method is known from US2008115358.

BACKGROUND

[0002] A Gas Turbine Engine (GTE) typically includes
a compressor section and a turbine section positioned
upstream and downstream, respectively, of a combus-
tion section. The compressor section and the turbine sec-
tion each contain one or more bladed wheels or rotors,
which are fixedly mounted to and rotate along with one
or more shafts. A given GTE may include a single com-
pressor rotor and a single turbine rotor linked by a single
shaft; or, instead, multiple compressor rotors and turbine
rotors linked by two or more concentric shafts and ar-
ranged in sequential flow stages. During GTE operation,
the compressor rotor or rotors rotate to compress intake
air, which is then supplied to the combustion section,
mixed with fuel, and ignited to produce combustive gas-
ses. The combustive gases are expanded through the
turbine section to drive rotation of the turbine rotor or
rotors and produce power. Compressor rotors and tur-
bine rotors (collectively referred to herein as "GTE ro-
tors") can be broadly divided into two general categories:
axial rotors and radial rotors. In the case of a compressor
rotor, the rotor is classified as either "axial" or "radial"
depending upon the direction in which compressed air-
flow is discharged from the rotor. Conversely, in the case
of a turbine rotor, the rotor is classified as "axial" or "ra-
dial" depending upon the direction in which combustive
gases are received at the rotor inlet. US2008115358, an
earlier application of Honywell International Inc., de-
scribes a method for manufacturing a GTE rotor.
EP2230382 describes a GTE rotor incorporating stress
relief features.

[0003] Radial turbine rotors can provide lower primary
flow velocities, reduced sensitivity to tip clearances, and
other performance advantages over comparable axial
turbine rotors in many cases, such as when the turbine
rotor falls within the 0.4536 kilogram or less per second
(one pound or less per second) corrected flow class. Fur-
thermore, as compared to similar axial turbine rotors, ra-
dial turbine rotors tend to have less complex designs,
lower part counts, and correspondingly lower production
costs. These advantages notwithstanding, the usage of
radial turbine rotors has traditionally been restricted by
durability limitations, such as Low Cycle Fatigue (LCF).
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Advances in materials and processing technologies have
yielded significant increases in radial turbine rotor capa-
bility and durability over the past several decades; how-
ever, further improvements in the durability of radial tur-
bine rotors are still desired to allow the usage of such
rotors in high performance, long life applications.
[0004] There thus exists an ongoing need to provide a
radial turbine rotor having improved LCF properties and
other measures of durability. In satisfaction of this need,
the following provides radial turbine rotors having unique
stress relief features, which may be largely or wholly in-
ternal to the rotor hub and which may have relatively com-
plex, curved geometries that vary in three dimensional
space as taken along the rotational axis of the rotor. Fur-
ther provided herein are embodiments of a method for
manufacturing radial turbine rotors including such intra-
hub stress relief features. While particularly useful in the
production of radial turbine rotors, embodiments of the
below-described manufacturing method can also be uti-
lized to produce other bladed GTE rotors, including axial
turbine rotors, axial compressor rotors, and radial com-
pressor rotors. Other desirable features and character-
istics of embodiments of the present invention will be-
come apparent from the subsequent Detailed Descrip-
tion and the appended Claims, taken in conjunction with
the accompanying drawings and the foregoing Back-
ground.

BRIEF SUMMARY

[0005] A method for producing a Gas Turbine Engine
(GTE) rotor including stress relief features according to
claim 1is provided. Preferred embodiments are provided
by the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] At least one example of the present invention
will hereinafter be described in conjunction with the fol-
lowing figures, wherein like numerals denote like ele-
ments, and:

FIG. 1is a cutaway view of a portion of an exemplary
Auxiliary Power Unit (APU) containing a radial com-
pressor rotor and a radial turbine rotor;

FIGs. 2, 3, and 4 are font isometric, side, and rear
isometric views, respectively, a radial turbine rotor
suitable for usage as the radial turbine rotor shown
in FIG. 1 and including intra-hub stress relief fea-
tures, as illustrated in accordance with an exemplary
embodiment of the present invention;

FIG. 5 is a cross-sectional view of an upper portion
of the radial turbine rotor shown in FIGs. 2-4 illus-
trating one manner in which the stress relief features
may twist about the rotational axis of the rotor when
moving in a fore-aft direction;
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FIG. 6 is aflowchart setting-forth an exemplary meth-
od suitable for producing the radial turbine rotor
shown in FIGs. 2-5 or another gas turbine engine
rotor having intra-hub stress relief features, as illus-
trated in accordance with an exemplary embodiment
of the present invention; and

FIGs. 7-10 illustrate the radial turbine rotor shown in
FIGs. 2-5 at various stages of manufacture and pro-
duced in accordance with the exemplary manufac-
turing method set-forth in FIG. 6.

DETAILED DESCRIPTION

[0007] The following Detailed Description is merely ex-
emplary in nature and is notintended to limit the invention
or the application and uses of the invention. Furthermore,
there is no intention to be bound by any theory presented
in the preceding Background or the following Detailed
Description.

[0008] FIG. 1 is a cutaway view of a portion of an ex-
emplary Gas Turbine Engine (GTE) and, specifically, an
exemplary Auxiliary Power Unit (APU) 20. APU 20 in-
cludes a housing assembly 22 containing the following
sections: (i) an intake section 24, (ii) a compressor sec-
tion 26, (iii) a combustion section 28, (iv) a turbine section
30, and (v) an exhaust 1section 32. A radial compressor
rotor 34 (also commonly referred to as a "centrifugal com-
pressor rotor" or an "impeller") is positioned within com-
pressor section 26, while a radial turbine rotor 36 (also
commonly referred to as a "radial inflow turbine rotor") is
positioned within turbine section 30. Rotors 34 and 36
may be positioned in relatively close axial proximity, but
are partitioned by one or more intervening walls 54. Ro-
tors 34 and 36 are each fixedly connected to a central
shaft 38 utilizing, for example, a curvic-type coupling. Ro-
tors 34 and 36 thus rotate in conjunction with shaft 38
about the rotational axis of APU 20 (represented in FIG.
1 by dashed line 40 and co-axial with the rotational axes
of rotors 34 and 36). As indicated in FIG. 1, shaft 38 may
also extend in a forward direction through intake section
24 to connect with a non-illustrated APU module support-
ive of one or more APU functionalities, such as the gen-
eration of power or pressurized airflow for cooling or main
engine start purposes.

[0009] During operation of APU 20, air is drawn into
the plenum 42 of intake section 24 through one or more
inlets provided in an intake housing (not shown). From
intake section 24, the intake air enters compressor sec-
tion 26 and flows into radial compressor rotor 34, which
may be surrounded by a shroud 44 including a bellmouth
46. The intake air is compressed by radial compressor
rotor 34 to raise the temperature and pressure of the
airflow. The hot, compressed airflow is then discharged
radially outward from compressor rotor 34, flows through
a curved flow passage or "diffuser" 48, and is directed
into a conical or cylindrical combustion chamber 50 within
combustion section 28. Within combustion chamber 50,
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the air is mixed with fuel and ignited to produce combus-
tive gasses. The combustive gasses expand rapidly
through turbine section 30 to drive the rotation of radial
turbine rotor 36, which may also be circumscribed by a
surrounding shroud 52. Rotation of radial turbine rotor
36 drives further rotation of shaft 38 and radial compres-
sor rotor 34. The rotation of shaft 38 provides the power
output of APU 20, which may be utilized for various pur-
poses, such as driving the non-illustrated APU module
described above. Finally, the combustive gas flow is dis-
charged from APU 20 through exhaust section 32.
[0010] The usage of radial compressor rotor 34 and
radial turbine rotor 36 within APU 20 provides certain
advantages over the usage of axial compressor rotors
and axial turbine rotors, respectively. With respect to ra-
dial turbine rotor 36, specifically, the radial inflow design
of rotor 36 may provide lower primary flow velocities, re-
duced sensitivity to tip clearances, reduced part count,
and/or reduced cost relative to a compared rotor having
an axial inflow design. However, as described in the fore-
going section entitled "BACKGROUND," the durability of
radial turbine rotors has traditionally been limited due to,
for example, undesirably rapid mechanical fatigue at rel-
atively low life cycles. To overcome or at least mitigate
such limitations, the following describes embodiments of
aradial turbine rotor suitable for usage as radial turbine
rotor 36 and including unique stress relief features within
the rotor hub (referred to herein as "intra-hub stress relief
features"), which reduce stress concentrations within the
hub and along the blade-hub interfaces to improve rotor
durability and operational lifespan. The following also de-
scribes embodiments of a manufacturing method suita-
ble for producing radial turbine rotors and other bladed
GTE rotors having intra-hub stress relief features. While
described below primarily in the context of a particular
GTE (i.e., APU 20 shown in FIG. 1) to establish an ex-
emplary context in which embodiments of the radial tur-
bine rotor may be better understood, it is emphasized
that the GTE rotors produced utilizing the below-de-
scribed fabrication method can be employed within var-
ious other types of gas turbine engines.

[0011] FIGs. 2, 3, and 4 are forward isometric, side,
and aft isometric views of a radial turbine rotor 60, re-
spectively, illustrated in accordance with an exemplary
embodiment of the presentinvention. Radial turbine rotor
60 includes a central body or hub 62 having a large outer
diameter ("OD") face 64 (FIG. 2) and an opposing small
OD face 66 (FIG. 4). Large OD face 64 and small OD
face 66 are the upstream and downstream faces, respec-
tively, of radial turbine rotor 60 in the illustrated example;
although it will be noted that rotor 60 can alternatively be
utilized as a radial compressor rotor (e.g., radial com-
pressorrotor 34 shown in FIG. 1) with relatively few mod-
ifications, in which case large OD face 64 would serve
as the downstream face of rotor 34, while small OD face
66 would serve as the upstream face thereof. The up-
stream or "inducer" portion of radial turbine rotor 60 (the
leftmost portion of rotor 60 in FIGs. 2 and 3) serves as
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the inlet of rotor 60 and receives combustive gas flow in
a radially inward direction. Conversely, the downstream
or "exducer" portion of radial turbine rotor 60 (the right-
most portion of rotor 60 in FIGs. 2 and 3) serves as the
outlet of rotor 60 and discharges combustive gas flow in
an axial direction.

[0012] Radial turbine rotor 60 is fixedly joined to a shaft
when installed within a gas turbine engine, such as the
central shaft 38 of APU 20 (FIG. 1). Large OD face 64 of
rotor hub 62 may be fabricated to include a curvic-type
coupling feature 68, such as an annular castellated ex-
tension, to facilitate such a rotationally-fixed coupling. As
shown most clearly in FIG. 2, curvic 68 projects axially
from rotor hub 62 in an upstream direction to engage a
mating curvic formed within or affixed to the trailing end
of shaft 38 (not shown). Small OD face 66 may likewise
be fabricated to include one or more tubular or annular
ledges 70, which project axially in a downstream direction
to pilot to a mating connector piece when rotor 60 is in-
stalled within APU 20 or another GTE. The instant ex-
ample notwithstanding, the particular manner in which
radial turbine rotor 60 is mounted within APU 20 (or an-
other gas turbine engine) will vary amongst different em-
bodiments.

[0013] A plurality of rotor blades 72 is circumferentially
spaced about rotor hub 62 and project outward there-
from. Blades 72 wrap or twist about the rotational axis of
radial turbine rotor 60 (represented in FIG. 3 by dashed
line 40). As shown most clearly in FIG. 3, rotor blades 72
follow the contour of the outer circumferential surface of
hub 62, which gradually tapers downward in diameter
when moving in a fore-aft direction; that is, when moving
from the inducer portion of rotor hub 62 adjacent large
OD face 64 toward the exducer portion of hub 62 adjacent
small OD face 66. As rotor blades 72 follow the sloped
contour of rotor hub 62, the blade-to-blade spacing de-
creases. The velocity of the combustive gas flow and the
heat exposure of rotor hub 62 is typically highest in the
region of radial turbine rotor 60 corresponding to the min-
imum blade-to-blade spacing (commonly referred to as
the "throat region" of rotor 60). As a result, cracks may
gradually develop within rotor hub 62 between blades 72
in the throat region if stress relief features are not pro-
vided to more uniformly distribute mechanical and ther-
mal tangential/hoop stresses in this area. Cracks may
also develop and propagate in other areas of rotor hub
62 (e.g., near the trailing edge of rotor hub 62 adjacent
blades 72) if adequate stress relief features are not pro-
vided.

[0014] To decrease the likelihood of crack formation
within rotor hub 62 and thereby improve the overall du-
rability and operational lifespan of rotor 60, radial turbine
rotor 60 is further produced to include a number of intra-
hub stress relief features. In the illustrated example, the
intra-hub stress relief features are provided in the form
of elongated stress distribution tunnels 76; the term "tun-
nel" denoting an elongated void or cavity that is least
partially enclosed or buried within the rotor hub, as
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viewed from the exterior of rotor. Stress distribution tun-
nels 76 are interspersed with blades 72, as taken about
the outer circumference of rotor 60. Stress distribution
tunnels 76 thus extend within rotor hub 62 between neigh-
boring of blades 72 or, more accurately, between the
regions of rotor hub 62 located beneath adjacent blades
72. Stress distribution tunnels 76 extend from large OD
face 64 (FIG. 2), through the body of rotor hub 62, and
to small OD face 66 (FIG. 4). In so doing, tunnels 76
penetrate faces 64 and 66 shown in FIGs. 2 and 4, re-
spectively. The cross-sectional shape and dimensions
oftunnels 76 may remain substantially constant over their
respective lengths. Alternatively, the cross-sectional
shapes and dimensions of tunnels 76 can be varied over
their respective lengths to optimize the stress concentra-
tion and associated low cycle fatigue life capability. For
example, stress distribution tunnels 76 may be fabricated
to include enlarged regions or pockets 132 (one of which
is identified in FIG. 5, as described below) formed in in-
ducer portion of radial turbine rotor 60 and exposed
through large OD face 64 of hub 62. Pockets 132 may
favorably reduce stress within the saddle region of radial
turbine rotor 60 (i.e., i.e., the region of rotor hub 62 near
the blade-hub interface of the inducer section of rotor 60)
to bring about further improvement in rotor durability and
lifespan.

[0015] Rotor hub 62 is fabricated to further include a
plurality of stress relief slots 78, which extend from the
outer circumferential surface of rotor 60 to stress distri-
bution tunnels 76. Stress relief slots 78 may be formed
as radially-penetrating channels or slits, which have
widths less than the diameters of stress distribution tun-
nels 76. Stress relief slots 78 expose small portions of
tunnels 76, as viewed from the exterior of rotor 60; how-
ever, the majority of stress distribution tunnels 76 remain
buried or enclosed within the body of rotor hub 62 such
that no direct line-of-sight is provided thereto. Stress re-
lief slots 78 are formed in an outer circumferential surface
of hub 62 to reduce mechanical and thermal tangen-
tial/hoop stresses around hub 62. Stress distribution tun-
nels 76 serve to more uniformly distribute stress that
would otherwise occur near the bottom of slots 78 across
a larger region of the parent material of rotor hub 62. In
this manner, stress relief slots 78 and intra-hub stress
distribution tunnels 76 cooperate to reduce stress risers
and decrease fatigue in these regions to thereby reduce
the likelihood of crack formation and propagation during
operation of rotor 60. Stress distribution tunnels 76 may
have any cross-sectional geometry suitable for perform-
ing this function; e.g., as indicated in FIGs. 2-4, tunnels
76 may be produced to have a generally circular, ovular,
or teardrop-shaped cross-sectional geometry.

[0016] Stress distribution tunnels 76 and stress relief
slots 78 generally follow the contour of the valley regions
of rotor hub 62 located between the regions of hub 62
immediately below the roots or bases of blades 72. The
curved paths followed by tunnels 76 and slots 78 are thus
substantially parallel to the twisting, curved paths fol-
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lowed by blades 72; although it will be appreciated that
the paths followed by tunnels 76 are angularly staggered
and offset in a radially inward direction as compared to
the paths followed by blades 72. The paths followed by
tunnels 76 and slots 78 curve or bend in multiple dimen-
sions, when moving along rotor hub 62 in a fore-aft di-
rection (from the left to the right in FIGs. 2 and 3). In the
case of radial turbine rotor 60, specifically, stress distri-
bution tunnels 76 and stress relief slots 78 twist around
the rotational axis 40 of rotor 60 (FIG. 3), when moving
in a fore-aft direction, in essentially the same manner as
do blades 72. Tunnels 76 and slots 78 also converge
radially inward toward the rotational axis 40 of rotor 60
(FIG. 3) as they progress through rotor 62. The curved
and winding nature of the paths followed by tunnels 76
and slots 78 can more readily appreciated by referring
to FIG. 5, which is a cross-sectional view of an upper
portion of radial turbine rotor 60 illustrating three neigh-
boring stress distribution tunnels 76(a), 76(b), and 76(c).
As may be appreciated most readily for tunnel 76(b), tun-
nels 76 extend beneath the valley regions of rotor hub
62 located between neighboring blades 72, which twist
and converge toward the centerline of hub 62 when mov-
ing in a fore-aft direction.

[0017] Stress relief slots 78 may be produced utilizing
a conventionally-known material removal technique,
such as EDM plunging. However, EDM plunging and oth-
er known line-of-sight material removal techniques, such
as drilling, are generally incapable of producing stress
distribution tunnels 76 due to the buried or enclosed na-
ture of tunnels 76 and the non-linear paths followed there-
by. An example of a manufacturing method enabling the
fabrication of stress distribution tunnels 76 (or other such
internal stress relief features) in addition to stress relief
slots 78 will now be described in conjunction with FIGs.
6-10. While described below in conjunction with the man-
ufacture of exemplary radial turbine rotor 60, specifically,
it is emphasized that the below-described fabrication
method can be utilized to produce other types of GTE
rotors, such as axial turbine rotors, radial compressor
rotors, and axial compressor rotors, having intra-hub
stress relief features. Furthermore, the fabrication steps
described below can be performed in alternative orders,
certain steps may be omitted, and additional steps may
be performed in alternative embodiments. Certain steps
in the manufacture of GTE rotors may be well-known
and, in the interests of brevity, will only be mentioned
briefly herein or will be omitted entirely without descrip-
tion of the well-known process details.

[0018] Turning now to FIG. 6, exemplary manufactur-
ing method 88 commences with the production of a rotor
hub preform in which a number of elongated fugitive bod-
ies or sacrificial cores are embedded (PROCESS
BLOCK 90). As appearing herein, the term "rotor hub
preform" refers to a body or mass of material, which un-
dergoes further processing to produce the final rotor hub,
such as rotor hub 62 shown in FIGs. 2-5. For example,
the rotor hub preform may be produced to have a near
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net shape and undergo machining to define the final,
more refined geometry of the rotor hub; e.g., machining
of the hub preform may define the features of opposing
faces 64 and 66 shown in FIGs. 2 and 4, respectively.
As further appearing herein, the term "sacrificial core"
generally refers to a body or member that can be selec-
tively removed from the hub preform without causing sig-
nificant material loss from or other damage to the hub
preform. In many embodiments, the sacrificial cores will
each have an elongated, cylindrical shape similar to that
of a solid or hollow pipe, which follows a curved path
through the hub as described in detail below.

[0019] The sacrificial cores embedded within the hub
preform during STEP 90 of exemplary method 88 (FIG.
6) are preferably fabricated to have dimensions and
cross-sectional shapes corresponding to the desired di-
mensions and cross-sectional shapes of stress distribu-
tion tunnels 76. Similarly, the sacrificial cores are pro-
duced to follow curved paths and are embedded within
the hub preform at locations corresponding to the desired
paths and locations of tunnels 76, respectively, in the
completed rotor hub. This may be more fully appreciated
by referring to FIG. 7, which is an isometric view of a
circumferentially-spaced array 92 of sacrificial cores 94
that may be embedded in the hub preform (not shown
for clarity) to produce stress distribution tunnels 76 shown
in FIGs. 2-5. As can be seen, elongated cores 94 follow
curved paths that twist about the centerline of rotor hub
92 and which converge radially inward in a fore-aft direc-
tion (from the left to the right in FIG. 7) in essentially the
same manner as do stress distribution tunnels 76 de-
scribed above in conjunction with FIGs. 2-5.

[0020] The sacrificial cores can be composed of any
material allowing selective removal over the parent ma-
terial of the hub preform, which may be a nickel- or cobalt-
based superalloy or other high temperature material. In
one embodiment, the sacrificial cores are composed of
a ceramic material or an alloy that can be selectively re-
moved from the hub preform utilizing a chemical disso-
lution process; e.g., by way of non-limiting example only,
the cores may be composed of a mild or low carbon steel,
which can be removed utilizing an acid leeching process
of the type described below. If desired, a coating material
may be applied over the exterior of the sacrificial cores
to reduce potential bonding with the hub perform and/or
to impart a desired surface finish to the tunnels produced
or revealed by the below-described removal of the sac-
rificial cores. In this case, the coating material may ap-
plied by dipping followed by a drying or heat treat cycle.
Coating materials suitable for this purpose may include,
but are not limited to, zirconia, silica, and zircon.

[0021] Different processes can be utilized to embed
sacrificial cores 94 (FIG. 7) within the hub preform during
PROCESS BLOCK 90 of exemplary method 88. Accord-
ing to the invention, the hub preform is initially produced
as a discrete body or mass by, for example, casting, forg-
ing, or metallurgical consolidation of metal powders
(STEP 96, FIG. 6). Recesses or open channels are
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formed in the outer circumference of the hub preform at
locations corresponding to the desired locations of stress
distribution tunnels 76 (FIGs. 2-5). The open channels
are preferably formed to have to have substantially
rounded bottoms having dimensions slightly larger than
cross-sectional dimensions of cores 94, which are insert-
ed into the channels as described below. In instances
wherein the hub preform is produced by casting, by sin-
tering metal powders, or utilizing a similar process, the
open channels can be formed within the hub preform
during initial manufacture as, for example, negative fea-
tures within a mold or container defining the shape of the
hub preform. Alternatively, as indicated in FIG. 6, the hub
preform may be produced without the open channels,
and the channels may be subsequently machined into
the outer circumference of the hub preform (STEP 98,
FIG. 6). In either case, the sacrificial cores are then in-
serted into the open channels; and, if needed, bonded,
tack welded, or otherwise secured in place (STEP 100,
FIG. 6). The resultant structure is shown in FIG. 8, which
illustrates a portion of a hub preform 102 having a ma-
chinedrecess or open channel 104 into which a sacrificial
core 94 has beeninserted. Asindicatedin FIG. 8, channel
104 may have a substantially rounded bottom and an
open mouth 106 to allow the insertion of core 94. The
open mouths 106 of channels 104 may pinch off or col-
lapse around sacrificial cores 94 during subsequent
processing, such as during the below-described Hot Iso-
static Pressing (HIP) process. Similarly, free space or
voiding between channels 104 and cores 94 may be elim-
inated, such that sacrificial cores 94 generally determine
the final geometries of the stress distribution tunnels.

[0022] In an example not forming part of the claims,
sacrificial cores 94 are embedded within the rotor hub
preform during initial production of the hub preform. In
this case, a powder metallurgy process may be utilized
wherein sacrificial cores 94 are first produced and then
positioned within a body or bed of metallic powder held
within a container (STEP 108, FIG. 6). The powder bed
is then sintered or consolidated around elongated cores
94 to produce the hub preform in which cores 94 are
embedded. If desired, the sacrificial cores 94 can be rig-
idly joined or physically tied togetherinthe desired spatial
array. This is conveniently accomplished by welding, sol-
dering, or otherwise attaching the terminal ends of cores
94 to a connector piece to yield an interconnected array
or "spider" maintaining the relative positioning of cores
94. In embodiments wherein the metallic powders are
consolidated within a HIP container, the sacrificial cores
94 may be attached to the lid of the HIP container or
otherwise index to the HIP container in a manner that
ensures proper positioning of cores 94 within the powder
bed or body. Further emphasizing this point, FIG. 9 is a
cross-sectional view of an upper portion of a hub preform
110 having a number of sacrificial cores 94 embedded
therein (one of which can be seen in FIG. 9), which may
be produced by consolidation of metallurgical powders
within a HIP container 112. In this example, HIP container
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112 includes a lid 114 to which cores 94 are affixed to
produce a spider, which is immersed in the powder bed
prior to sintering. If desired, the terminal ends of cores
94 may be fabricated to include indexing features 116,
which pilot to corresponding features provided within HIP
container 112 to ensure proper angular positioning of the
spider. Dashed lines 118 are further shown in FIG. 9 to
generally demarcate the final geometry of hub 62 (FIGs.
2-5), as defined by machining during STEP 130 of meth-
od 88. Sacrificial cores 94 may or may not be exposed
through the outer surface of hub preform 110 following
the sintering or powder consolidation process.

[0023] After production of a hub preform containing
embedded sacrificial cores 94 (PROCESS BLOCK 90,
FIG. 6), blades are attached to the hub preform such that
the blades are spaced about the rotational axis of the
rotor and interspersed with the plurality of elongated sac-
rificial cores, as taken about the circumference of the
preform. In a preferred embodiment, and as indicated in
FIG. 6, this is accomplished by bonding a blade ring to
the hub preform (STEP 120, FIG. 6). In preparation for
bonding, the inner circumference of the blade ring and
the outer circumference of the hub preform may be ma-
chined and cleaned. The blade ring may then be posi-
tioned around the outer circumference of the hub preform
and over sacrificial cores 94, if exposed through the hub
preform. The annular interface between the end regions
of the blade ring and the hub preform may be sealed
utilizing, for example, a vacuum brazing process. A HIP
process may then be utilized to diffusion bond the blade
ring to the hub preform during STEP 120 of exemplary
method 88. FIG. 10 illustrates a small portion of a hub
preform 122, which may correspond to hub preform 102
shown in FIG. 8 or hub preform 110 shown in FIG. 9,
after positioning of a blade ring 124 (partially shown) over
preform 110 and over cores 94 embedded therein. The
foregoing notwithstanding, it is noted that a blade ring or
individual blades may be affixed to the hub preform uti-
lizing other techniques, as well, including other bonding
processes (e.g., brazing) and/or utilizing an interlocking
mechanical interface (e.g., a fir tree interface).

[0024] The blade ring attached to the hub preform 110
during STEP 120 of exemplary method 88 (FIG. 6) can
be produced as a single piece, monolithic casting; or,
instead, by bonding (e.g., brazing, welding, or diffusion
bonding) multiple separately cast pieces together to form
the ring. Notably, in the latter case, each blade (or sub-
sets of the blades) can be cast from a single crystal su-
peralloy having an optimal crystallographic orientation,
and the individual blades can then be diffusion bonded
or otherwise joined together to produce the blade ring.
By casting smaller volume pieces, more complex casting
features (e.g., internal flow passages) can also be cre-
ated, while minimizing voiding and other defects within
the casting. The joints between the individually-cast
blade pieces need only have sufficient structural integrity
for the blade-hub joining process due to the subsequent
formation of stress relief slots 78 (FIGs. 2-6), which may
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be cut through the joint locations. The foregoing notwith-
standing, embodiments of the GTE rotor manufacturing
method described herein are by no means limited to the
particular manner in which the blade ring is produced.
[0025] In the above-described exemplary embodi-
ments, the blades or the blade ring was attached subse-
quent to the production of the rotor hub preform. This
provides the advantages noted above, as well as the abil-
ity to produce the rotor hub and the rotor blades from
different materials to produce a so-called "dual alloy" ro-
tor. These advantages notwithstanding, the rotor blades
or blade ring may be attached to the rotor hub preform
during initial production thereof in further embodiments
of the GTE rotor manufacturing method. For example, in
embodiments wherein the hub preform is produced uti-
lizing a casting, powder consolidation, or similar process,
the blade ring may be positioned within the mold, HIP
container, or the like and the rotor hub preform thereover
or in bonded contact therewith. In still further embodi-
ments, the rotor hub preform may be produced to include
integral blade preforms (e.g., radially-projecting blocks
of material), which are subsequently machined to define
the final rotor blades, such as rotor blades 72 shown in
FIGs. 2-5.

[0026] Advancing to STEP 126 of exemplary method
88 (FIG. 6), sacrificial cores 94 are next removed to yield
stress distribution tunnels 76 (FIGs. 2-5). As appearing
herein, the "yield" is utilized to refer to the production of
stress distribution tunnels 76 in their final form, unoccu-
pied by cores 94. As noted above, stress distribution tun-
nels 76 may be fabricated to include enlarged regions or
pockets 132 (one of which is identified in FIG. 5) formed
in inducer portion of radial turbine rotor 60 and exposed
through large OD face 64 of hub 62. Enlarged pockets
132 are conveniently produced by imparting cores 94
with enlarged terminal ends proximate the inducer sec-
tion of rotor 60, which produce pockets 132 when cores
94 are removed during STEP 126 of exemplary method
120. As previously described, and depending upon the
material from which cores 94 and the rotor hub preform
are produced, sacrificial cores 94 may be conveniently
removed utilizing chemical dissolution; e.g.,. by sub-
merging the partially-completed rotor in an acid bath. For
example, in embodiments wherein sacrificial cores 94
are composed amild or low carbon steel, an acid leeching
process may be employed to remove cores 94 by expo-
sure to a nitric acid and/or hydrofluoric acid solution. In
this case, the partially-completed turbine rotor 60 may
be submerged in an acid bath, which may agitated to
promote the inflow of the acid and dissolution of cores 94.
[0027] Afterremoval of sacrificial cores 94, stress relief
slots 78 may be formed in an outer circumferential portion
of rotor hub 62 (STEP 128, FIG. 6). Stress relief slots 78
are conveniently formed utilizing EDM plunging or other
machining technique. As described in detail above,
stress relief slots 78 are formed to extend to stress dis-
tribution channels 76. In further embodiments, stress re-
lief slots 78 may be formed prior to the removal of sacri-
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ficial cores 94. To complete exemplary method 88 (FIG.
6), additional conveniently-known processes can be car-
ried-out (STEP 130, FIG. 6). In this case of radial turbine
rotor 60, such additional processes may include machin-
ing to impart hub 62 with the final geometry shown in
FIGs. 2-5. Additionally, an Environmental Barrier Coat
(EBC), a Thermal Barrier Coat (TBC), or other coating
systems or layer may be produced over the outer surface
of blades 72 and/or hub 62; e.g., in one embodiment, an
EBC coating is formed over all the gas path surfaces of
completed radial turbine rotor 60.

[0028] The foregoing has thus provided embodiments
of a GTE rotor including stress relief features formed in
the rotor hub, such as stress distribution tunnels extend-
ing through the rotor hub along curved paths. In embod-
iments wherein the GTE rotor assumes the form of a
radial turbine rotor, the stress distribution tunnels may
twist about the rotational axis of the rotor and converge
toward the rotational axis of the rotor of the rotor, when
moving in a fore-aft direction. Stress relief slots may like-
wise be cut or otherwise in the outer circumference of
the rotor hub and extend to the underlying stress distri-
bution tunnels. Collectively, the stress distribution tun-
nels and the stress relief slots may favorably increase
the durability and operational lifespan of the radial turbine
rotor and permit usage of the rotor in high performance,
long life applications. In further embodiments, the GTE
rotor may be implemented as an axial turbine rotor, a
radial compressor rotor, or an axial compressor rotor.
The foregoing has also described embodiments of a
manufacturing method for producing a GTE rotor having
stress distribution tunnels or other stress relief features
located within the rotor hub.

Claims

1. A method (88) for manufacturing a Gas Turbine En-
gine (GTE) rotor (60) having a rotational axis (40),
the method comprising:

producing (90) a hub preform (102), embedding
a plurality of elongated sacrificial cores (94) in
the hub preform;

attaching (120) blades (72) to an outer circum-
ference of the hub preform (102), the blades
spaced about the rotational axis of the GTE rotor
and circumferentially interspersed with the plu-
rality of elongated sacrificial cores; and
removing (126) the plurality of elongated sacri-
ficial cores from the hub preform to yield a plu-
rality of stress distribution tunnels (76) extending
in the hub preform,

characterized in that the hub preform is pro-
duced have [ing] open channels (104) formed in
the outer circumference of the hub preform at
the desired location of the plurality of stress dis-
tribution tunnels: and
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further characterized in that the plurality of
elongated sacrificial cores are embedded in the
hub preform by inserting the plurality of elongat-
ed sacrificial cores into the open channels after
production of the hub preform and prior to at-
tachment of the blades to the outer circumfer-
ence of the hub preform.

The method (88) of Claim 1 further comprising form-
ing (128) stress relief slots (78) through an outer cir-
cumferential portion of the hub preform (102) be-
tween neighboring pairs of blades (72) and extend-
ing to the plurality of stress distribution tunnels (76),
the plurality of stress distribution tunnels (76) having
diameters less than the widths of the stress relief
slots (78).

The method (88) of Claim 2 wherein the stress relief
slots (78) and the plurality of stress distribution tun-
nels (76) twist about rotational axis (40) of the GTE
rotor (60).

The method (88) of Claim 1 wherein the plurality of
stress distribution tunnels (76) each follow a curved
path when moving along the GTE rotor (60) in an
fore-aft direction.

The method (88) of Claim 1 wherein removing (126)
the plurality of elongated sacrificial cores (94) com-
prises chemically dissolving the plurality of elongat-
ed sacrificial cores.

The method (88) of Claim 1 further comprising ma-
chining (130) the hub preform (102) to produce a
rotor hub (62) having a large outer diameter face (64)
and a small outer diameter face (66), and wherein
the plurality of stress distribution tunnels (76) ex-
tends through the rotor hub to penetrate the larger
outer diameter face and the small outer diameter
face of the rotor hub.

The method (88) of Claim 6 wherein plurality of elon-
gated sacrificial cores (94) are fabricated to include
enlarged terminal ends, and wherein removal of the
plurality of elongated sacrificial cores results in the
production of enlarged pockets (132) in the large out-
er diameter face (64) of the rotor hub (62).

The method (88) of Claim 1 wherein the plurality of
elongated sacrificial cores (94) are exposed through
an outer circumferential surface of the hub preform
(102), and wherein the attaching (120) comprises:

positioning a blade ring (124) over the plurality
of elongated sacrificial cores (94); and
bonding the blade ring to an outer circumference
of the hub preform (102).
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9.

10.

The method (88) of Claim 1 wherein the open chan-
nels (104) are produced to have open mouths (106)
and rounded bottoms, wherein the plurality of elon-
gated sacrificial cores (94) are inserted into the open
channels through the open mouths.

The method (88) of Claim 9 wherein the blades (72)
are attached to the hub preform (102) as a blade ring
(124), which is positioned over the sacrificial cores
(94) in the open channels (104) and then bonded to
the outer circumference of the hub preform utilizing
a Hot Isostatic Pressing process.

Patentanspriiche

1.

Verfahren (88) zur Herstellung eines Rotors (60) ei-
nes Gasturbinenmotors (GTE) mit einer Rotations-
achse (40), wobei das Verfahren umfasst:

Produzieren (90) einer Nabenvorform (102), wo-
bei eine Vielzahl langlicher Opferkerne (94) in
die Nabenvorform eingebettet wird;

Befestigen (120) von Schaufeln (72) an dem Au-
Renumfang der Nabenvorform (102);
Entfernen (126) der Vielzahl der langlichen Op-
ferkerne aus der Nabenvorform, um eine Viel-
zahl von Spannungsverteilungstunneln (76) zu
ergeben, die sich in der Nabenvorform erstre-
cken,

dadurch gekennzeichnet, dass die Schaufeln
derart an einem AulRenumfang der Nabenvor-
form befestigt werden, dass sie um die Rotati-
onsachse des GTE-Rotors herum beabstandet
und im Umfang mit der Vielzahl der langlichen
Opferkerne durchsetzt sind, so dass die Naben-
vorform mit offenen Kanalen (104) produziert
wird, die in dem AuRBenumfang der Nabenvor-
form an der gewiinschten Position der Vielzahl
von Spannungsverteilungstunneln gebildet wer-
den; und

dass die Vielzahl von langlichen Opferkernen in
die Nabenvorform eingebettet wird, indem die
Vielzahl der langlichen Opferkerne nach Pro-
duktion der Nabenvorform und vor der Befesti-
gung der Schaufeln an dem AufRenumfang der
Nabenvorform in die offenen Kanéle eingesetzt
wird.

Verfahren (88) nach Anspruch 1, ferner umfassend
Bilden (128) von Spannungsentlastungsschlitzen
(78) durch einen AuRenumfangsabschnitt der Na-
benvorform (102) zwischen benachbarten Paaren
von Schaufeln (72), und wobei sich diese in die Viel-
zahl der Spannungsverteilungstunnel (76) erstre-
cken, wobei die Vielzahl der Spannungsvertei-
lungstunnel (76) Durchmesser aufweist, die unter
den Breiten der Spannungsentlastungsschlitze (78)
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liegen.

Verfahren (88) nach Anspruch 2, wobei die Span-
nungsentlastungsschlitze (78) und die Vielzahl der
Spannungsverteilungstunnel (76) sich um die Rota-
tionsachse (40) des GTE-Rotors (60) verdrillen.

Verfahren (88) nach Anspruch 1, wobei die Vielzahl
der Spannungsverteilungstunnel (76) jeweils einem
gekrimmten Pfad folgt, wenn sie sich entlang des
GTE-Rotors (60) in eine Vor-Zuriick-Richtung bewe-
gen.

Verfahren (88) nach Anspruch 1, wobei das Entfer-
nen (126) der Vielzahl von langlichen Opferkernen
(94) chemisches Auflésen der Vielzahl von langli-
chen Opferkernen umfasst.

Verfahren (88) nach Anspruch 1, ferner umfassend
maschinelles Bearbeiten (130) der Nabenvorform
(102), um eine Rotornabe (62) mit einer grofien Au-
Rendurchmesserseite (64) und einer kleinen Aul3en-
durchmesserseite (66) zu produzieren, und wobei
sich die Vielzahl der Spannungsverteilungstunnel
(76) durch die Rotornabe hindurch erstreckt, um in
die gréRere Aullendurchmesserseite und die kleine
Auflendurchmesserseite der Rotornabe vorzudrin-
gen.

Verfahren (88) nach Anspruch 6, wobei eine Vielzahl
von langlichen Opferkernen (94) derart gefertigt
wird, dass sie vergréRerte endstandige Enden ein-
schlieen, und wobei die Entfernung der Vielzahl
von langlichen Opferkernen zur Produktion von ver-
gréRerten Taschen (132) in der groen AuRendurch-
messerseite (64) der Rotornabe (62) fihrt.

Verfahren (88) nach Anspruch 1, wobei die Vielzahl
der langlichen Opferkerne (94) durch eine AuRRen-
umfangoberflaiche der Nabenvorform (102) expo-
niert wird, und wobei das Befestigen (120) umfasst:

Positionieren eines Schaufelrings (124) Uber
der Vielzahl der langlichen Opferkerne (94); und
Binden des Schaufelrings an einen AulRenum-
fang der Nabenvorform (102).

Verfahren (88) nach Anspruch 1, wobei die offenen
Kanale (104) derart produziert werden, dass sie of-
fene Miinder (106) und abgerundete Béden aufwei-
sen, wobei die Vielzahl der langlichen Opferkerne
(94) durch die offenen Muinder in die offenen Kanale
eingesetzt wird.

Verfahren (88) nach Anspruch 9, wobei die Schau-
feln (72) als Schaufelring (124) an der Nabenvorform
(102) befestigt werden, welcher Giber den Opferker-
nen (94) in den offenen Kanalen (104) positioniert
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und dann unter Verwendung eines heiRisostati-
schen Pressprozesses an den Auflenumfang der
Nabenvorform gebunden wird.

Revendications

Procédé (88) de fabrication d'un rotor (60) de moteur
a turbine a gaz (GTE) présentant un axe (40) de
rotation, le procédé comportant les étapes consis-
tanta :

produire (90) une préforme (102) de moyeu, en
encastrant une pluralité de noyaux sacrificiels
allongés (94) dans la préforme de moyeu ;
fixer (120) des aubes (72) a une circonférence
extérieure de la préforme (102) de moyeu ;
éliminer (126) la pluralité de noyaux sacrificiels
allongés de la préforme de moyeu pour donner
une pluralité de tunnels (76) de répartition de
contraintes s’étendant dans la préforme de
moyeu, caractérisé en ce que les aubes sont
fixées a une circonférence extérieure de la pré-
forme de moyeu de fagon a étre espaceées
autour de I'axe de rotation du rotor de GTE et
intercalées circonférentiellement avec la plura-
lité de noyaux sacrificiels allongés ; en ce que
la préforme de moyeu est produite munie de ca-
nauxouverts (104) formés dans la circonférence
extérieure de la préforme de moyeu a I'empla-
cement souhaité de la pluralité de tunnels de
répartition de contraintes ; et en ce que la plu-
ralité de noyaux sacrificiels allongés est encas-
trée dans la préforme de moyeu en insérant la
pluralité de noyaux sacrificiels allongés dans les
canaux ouverts aprés la production de la préfor-
me de moyeu et avant la fixation des aubes a la
circonférence extérieure de la préforme de
moyeu.

Procédé (88) selon larevendication 1 comportanten
outre I'étape consistant a former (128) des rainures
(78) de relaxation de contraintes a travers une partie
circonférentielle extérieure de la préforme (102) de
moyeu entre des paires voisines d’aubes (72) et
s’étendant jusqu’a la pluralité de tunnels (76) de ré-
partition de contraintes, la pluralité de tunnels (76)
de répartition de contraintes présentant des diame-
tres inférieurs aux largeurs des rainures (78) de re-
laxation de contraintes.

Procédé (88) selon la revendication 2, les rainures
(78) de relaxation de contraintes et la pluralité de
tunnels (76) de répartition de contraintes se vrillant
autour de I'axe (40) de rotation du rotor (60) de GTE.

Procédé (88) selon larevendication 1, chaque tunnel
de la pluralité de tunnels (76) de répartition de con-
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traintes suivant un trajet incurvé lorsqu’il avance le
long du rotor (60) de GTE dans une direction avant-
arriére.

Procédé (88) selon la revendication 1, I'élimination
(126) de la pluralité de noyaux sacrificiels allongés
(94) comportant I'étape consistant a dissoudre chi-
miquement la pluralité de noyaux sacrificiels allon-
gés.

Procédé (88) selon la revendication 1, comportant
enoutre I'étape consistant a usiner (130) la préforme
(102) de moyeu pour produire un moyeu (62) de rotor
doté d’'une face (64) de grand diamétre extérieur et
d’une face (66) de petit diametre extérieur, et la plu-
ralité¢ de tunnels (76) de répartition de contraintes
s’étendant a travers le moyeu de rotor pour pénétrer
dans la face de grand diameétre extérieur et la face
de petit diamétre extérieur de le moyeu de rotor.

Procédé (88) selon la revendication 6, la pluralité de
noyaux sacrificiels allongés (94) étant réalisée de
fagcon a comprendre des extrémités terminales
agrandies, et I'élimination de la pluralité de noyaux
sacrificiels allongés se traduisant par la production
d’alvéoles (132) agrandies dans la face (64) de
grand diamétre extérieur du moyeu (62) de rotor.

Procédé (88) selon la revendication 1, la pluralité de
noyaux sacrificiels allongés (94) étant exposée a tra-
vers une surface circonférentielle extérieure de la
préforme (102) de moyeu, et la fixation (120) com-
portant les étapes consistant a :

positionner un couronne (124) d’aubes par-des-
sus la pluralité de noyaux sacrificiels allongés
(94) ; et

lierla couronne d’aubes a une circonférence ex-
térieure de la préforme (102) de moyeu.

Procédé (88) selon la revendication 1, les canaux
ouverts (104) étant produits de fagon a présenter
des embouchures ouvertes (106) et des fonds ar-
rondis, la pluralité de noyaux sacrificiels allongés
(94) étant insérée dans les canaux ouverts a travers
les embouchures ouvertes.

Procédé (88) selon larevendication 9, les aubes (72)
étant fixées a la préforme (102) de moyeu sous la
forme d’une couronne (124) d’aubes, qui est posi-
tionnée par-dessus les noyaux sacrificiels (94) dans
les canaux ouverts (104) puis liés a la circonférence
extérieure de la préforme de moyeu en utilisant un
processus de pressage isostatique a chaud.
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FIG. 5
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FIG. 4
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