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(57) ABSTRACT

A turbine blade assembly includes a turbine blade having a
pressure sidewall and an opposed suction sidewall and a first
snubber assembly associated with one of the pressure side-
wall and the suction sidewall. The first snubber assembly
includes a first base portion extending outwardly from the one
of the pressure sidewall and the suction sidewall, and a first
snubber portion. The first base portion 1s integrally cast with
the turbine blade and includes first connection structure. The
first snubber portion 1s bicast onto the first base portion and
includes second connection structure that interacts with the
first connection structure to substantially prevent separational
movement between the first base portion and the first snubber
portion.
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BICAST TURBINE ENGINE COMPONENTS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application 1s a Continuation-In-Part of U.S.
patent application Ser. No. 12/752,460, filed Apr. 1, 2010 and
entitled “TURBINE AIRFOIL TO SHROUD ATTACH-
MENT” by Christian X. Campbell et al., the entire disclosure
of which 1s incorporated by reference herein.

[0002] This invention was made with U.S. Government
support under Contract Number DE-FC26-05NT142644
awarded by the U.S. Department of Energy. The U.S. Gov-
ernment has certain rights to this mnvention.

FIELD OF THE INVENTION

[0003] The present invention relates generally to couplings
between components 1n a turbine engine, and, more particu-
larly, to bicast couplings between turbine engine components,
such as turbine blades and snubber assemblies.

BACKGROUND OF THE INVENTION

[0004] A turbomachine, such as a steam or gas turbine 1s
driven by a hot working gas flowing between rotor blades
arranged along the circumierence of a rotor so as to form an
annular blade arrangement, and energy 1s transmitted from
the hot working gas to a rotor shaft through the rotor blades.
As the capacity of electric power plants increases, the volume
of flow through industrial turbine engines has increased more
and more and the operating conditions (e.g., operating tem-
perature and pressure) have become increasingly severe. Fur-
ther, the rotor blades have increased 1n size to harness more of
the energy 1n the working gas to improve efficiency. A result
of all the above 1s an increased level of stresses (such as
thermal, vibratory, bending, centrifugal, contact and tor-
sional) to which the rotor blades are subjected.

[0005] In order to limit vibrational stresses 1n the blades,
various structures may be provided to the blades to form a
cooperating structure between blades that serves to dampen
the vibrations generated during rotation of the rotor. For
example, mid-span snubber structures, such as cylindrical
standoifs, may be provided extending from mid-span loca-
tions on the blades for engagement with each other. Two
mid-span snubber structures are typically located at the same
height on either side of a blade with their respective contact
surfaces pointing 1n opposite directions. The snubber contact
surfaces on adjacent blades are separated by a small space
when the blades are stationary. However, when the blades
rotate at full load and untwist under the effect of the centrifu-
gal forces, snubber surfaces on adjacent blades come 1n con-
tact with each other to dampen vibrations by iriction at the
contacting snubber surfaces.

SUMMARY OF THE INVENTION

[0006] In accordance with one aspect of the mmvention, a
turbine blade assembly 1s provided 1n a turbine engine. The
turbine blade assembly comprises a turbine blade having a
pressure sidewall and an opposed suction sidewall and a first
snubber assembly associated with one of the pressure side-
wall and the suction sidewall. The first snubber assembly
comprises a first base portion extending outwardly from the
one of the pressure sidewall and the suction sidewall, and a
first snubber portion. The first base portion 1s itegrally cast
with the turbine blade and includes first connection structure.
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The first snubber portion 1s bicast onto the first base portion
and includes second connection structure that mteracts with
the first connection structure to substantially prevent separa-
tional movement between the first base portion and the first
snubber portion.

[0007] Inaccordance with a second aspect of the invention,
a coupling 1s provided between two components 1n a turbine
engine. The coupling comprises a first component formed by
a first casting procedure and including first connection struc-
ture comprising one of a continuous annular ridge and a
continuous annular groove, and a second component bicast
onto the first component during a second casting procedure
and having second connection structure comprising the other
of a continuous annular ridge and a continuous annular
groove. The second connection structure interacts with the
first connection structure to substantially prevent separational
movement between the first component and the second com-
ponent.

[0008] In accordance a third aspect of the invention, a
method 1s provided for forming a turbine blade assembly. A
first casting procedure 1s performed to form: a turbine blade
having a pressure sidewall and an opposed suction sidewall;
and a base portion of a snubber assembly, the base portion
extending from one of the pressure sidewall and the suction
sidewall. A second casting procedure 1s performed by casting
a snubber portion onto the base portion such that first con-
nection structure of the base portion interacts with second
connection structure of the snubber portion to substantially
prevent separational movement between the base portion and
the snubber portion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] While the specification concludes with claims par-
ticularly pointing out and distinctly claiming the present
invention, it 1s believed that the present invention will be
better understood from the following description 1n conjunc-
tion with the accompanying Drawing Figures, in which like
reference numerals 1dentity like elements, and wherein:
[0010] FIG. 1 schematically i1llustrates a prior art ring of
vanes centered on an axis;

[0011] FIG. 2 1s a partial perspective view of a vane airfoil
according to aspects of the present invention;

[0012] FIG. 3 1s a sectional view taken along line 3-3 of
FIG. 2 including a partial shroud platiform:;

[0013] FIG. 415 a sectional view of a stage of bi-casting of
a platform on an end portion of a vane 1n which the platform
1S molten;

[0014] FIG. S 1s a sectional view of a stage ol bi-casting 1n
which the platform has solidified and contracted and fugitive
materials have been removed:

[0015] FIG. 6 shows a partial plan view of a platform with
a vane 1n section

[0016] FIG.7shows a sectional view taken along line 7-7 of
FIG. 6;
[0017] FIG. 8 1s a partial end view of a rotor partially 1n

section, as viewed 1n an axial flow direction, taken 1n a plane
perpendicular to an axis of rotation and showing another
embodiment of the present invention;

[0018] FIG.91sacross sectional view of only a first turbine
blade taken on the plane indicated by the line 9-9 1n FIG. 8;
and

[0019] FIG. 101s aview similar to that of FIG. 9 after a first
casting procedure has been performed but before a second
casting procedure, also referred to as a bicasting procedure or
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a bicast, has been performed 1n accordance with another
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0020] Inthe following detailed description of the preferred
embodiment, reference 1s made to the accompanying draw-
ings that form a part hereot, and 1n which 1s shown by way of
illustration, and not by way of limitation, a specific preferred
embodiment in which the invention may be practiced. It 1s to
be understood that other embodiments may be utilized and
that changes may be made without departing from the spirit
and scope of the present invention.

[0021] FIG. 1 illustrates a prior art ring 20 of stationary
vanes 22 centered on an axis 21 1n a turbine. Each vane 22 1s
an airfoil with first and second ends 29, 30. The vane spans
radially 23 between inner and outer shroud segments or plat-
forms 24, 25. Herein “radially” means perpendicular to the
axis 21 and “axially” means generally parallel to the axis 21,
although 1s noted that the terms “inner”, “outer”, “radial”,
“axial”, “circumierential”, and the like, as used herein, are not
intended to be limiting with regard to orientation of the ele-
ments recited for the present invention. The platforms 24, 25
may be attached to respective inner and outer ring structures
26, 27, which may be support rings and/or cooling air plenum
structures. Between each pair of vanes 22 1s a working gas
flow passage 28. In a gas turbine, the vanes 22 direct a com-
bustion gas flow against an adjacent downstream ring of
rotating blades not shown. Individual vane segments are tra-
ditionally cast with one or more airfoils per pair of inner/outer
platforms 24, 25 to form what 1s sometimes called a nozzle.
For large industrial gas turbine vanes, easily cast alloys (e.g.
the cobalt based alloy ECY-768) may be cast with two or three
airfoils per vane segment, while alloys that are more difficult
to cast (e.g. nickel based superalloys such as IN939 and
CM247LC) are limited to single airfo1l vane segments.
[0022] FIGS. 2 and 3 show a portion of a turbine airfoil 31,
also referred to herein as a first component, according to an
embodiment of the mvention. It has leading and trailing edges
32, 34, pressure and suction sides 36, 38, an end 43, and an
end portion 42 with a taper 44 and a ridge 46, also referred to
herein as first connection structure, with proximal and distal
sides 66, 67. The ridge 46 may surround the airfoil continu-
ously or discontinuously along the pressure side, leading
edge, suction side, and trailing edge. A radial spanwise
dimension 40 1s defined along a length of the airfoil. A chord-
wise dimension 41 1s defined between the leading and trailing
edges 32, 34, and may be considered as being parallel to a
working gas containment surface 51 at the connection under
consideration.

[0023] A tab 48 may extend from the pressure and/or suc-
tion sides of the end portion 42 to function 1n cooperation with
an associated vane platform to define an origin for differential
expansion and contraction of the platform 1n the chordwise
dimension. Tab 48 may be located for example at a mid-chord
position or at a maximum airfoil thickness position as shown
in FI1G. 6. The opposite end of the airfoil 31 (not shown) may
use the same connection type as the shown end portion 42 or
it may use a different connection type. Cooling chambers 49
may be provided in the airfoil.

[0024] FIG. 3 1s a sectional view taken along line 3-3 of
FIG. 2. A bi-cast platform 50, also referred to herein as a
second component, has a working gas containment surface 51
and a collar portion 352 that holds the end portion 42 of the
airfoi1l 31. It may have a cooling air plenum 54. The ridge 46

Feb. 27, 2014

has a proximal side 66 that contacts a proximal side 33 of a
bi-cast groove, also referred to herein as second connection
structure, surrounding the ridge 46 in the collar 52 to create a
coupling between the airfoil 31 and the platform 50, which
coupling substantially prevents separational movement
between the airfoil 31 and the platform 50, although in the
illustrated embodiment clearance 35 1s provided 1n the groove
below the ridge 46 for spanwise differential expansion of the
airfo1l 31. The ridge 46 may have atop surface 47 aligned with
the adjacent taper angle 44.

[0025] The taper angle 44 may vary around the airfoil to
accommodate varying amounts of differential contraction of
the platform 50 and collar 52 at different points around the
curvature of the airfoil. The taper angle on the pressure side
36 may be less than on the suction side 1n order to equalize
pressure on the various contact surfaces. In an exemplary
engineering model, a taper angle of 3-5 degrees on the pres-
sure side and 50% greater than the pressure side taper angle
on the suction side was found to be advantageous—ior
example, 4 degrees on the pressure side and 6 degrees on the
suction side. The optimum angles depend on the airfoil shape.

[0026] FIG. 4 1llustrates a stage of bi-casting, also referred
to herein as a second casting procedure, 1n a mold 58 1n which
the platform 50 material 1s molten. The mold material may
encapsulate the airfoil. The airfoil 31 may be filled with a
fugitive ceramic core 59 to block the molten alloy from enter-
ing the cooling chambers. The tapered end 42 of the airfoil 1s
placed in the mold 58. The mold may have a positioning
depression 60 that fits the end 43 of the airfoil to a given depth
63 best seen 1n FIG. 5. For example, this depth may be equal
to the clearance 55. Prior to placing the airfoil in the mold, a

layer of tugitive material 56 may be applied to the proximal
side 66 of the rndges 46 as shown.

[0027] FIG. S1llustrates a stage of bi-casting aiter the plat-
form 350 has solidified and further cooled. The platform 50
shrinks 62 as 1t cools. The airfoil 31 shrinks less than the
platform due to a temperature differential during bi-casting.
Molten metal 1s poured or injected into the mold 58. The
airfo1l stays cooler than the platform during bi-casting. As an
example, the temperature of the airfoil end portion 42 may
reach about 900.degree. C. when the platform solidifies at
about 1300.degree. C. Cooling from this point causes differ-
ential shrinkage that compresses 62 the collar 52 onto the
tapered end portion 42 of the airfoil. This pushes 64 the airfoil
upward 1n the drawing, or proximally with respect to the
airfoil, due to the reverse wedging effect of the taper 44. The
taper angle should be high enough to overcome the high
contact friction between the contacting surfaces to allow slid-
ng.

[0028] FIG. 6 shows a partial plan view of a platform 50
with a vane 31 in section. Stress relief slots 70, 72 may be
provided at the leading edge 32 and/or trailing edge 34 to
accommodate platform contraction during casting, and airfoil
expansion during operation. These slots 70, 72 may be
formed with a fugitive material such as alumina and/or silica
coating deposited by slurry or a spray process that 1s chemi-
cally leached away after casting. This may be a continuation
of the fugitive material 56 on the ridge 46. The leaching
chemical may reach the fugitive material on the ridge 46 via
the stress relief slots 70, 72. The slots 70, 72 may extend
across the tapered end portion as seen 1n FIG. 7. They may
extend 1n respective leading and trailing chordwise directions

41.
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[0029] FIG. 7 shows asectional view taken along line 7-7 of
FIG. 6, illustrating a stage of bi-casting with fugitive material
56 on the leading edge of the tapered end portion 42 to form
a leading edge stress reliet slot 70.

[0030] The combination of stress reliet slots 70, 72, span-
wise clearance gap 55, and varying taper angles 44 provides
substantially uniformly distributed contact pressures in the
connection over a range of operating temperatures and differ-
ential thermal expansion conditions. The connection allows a
limited range of relative movement, maintains a gas seal
along the contact surfaces, minimizes vibration, minimizes
stress concentrations, and provides sulilicient contact area and
pressure for rigidity and stability of the vane ring assembly.
[0031] The use of bi-casting enables less costly repair
should the platform become damaged 1n service. The plat-
form can be cut off, saving the high-value airfoil, and then a
new replacement platform can be bi-cast onto the airfoul.

[0032] Referring now to FIG. 8, a portion of a turbine
section T 1n a gas or steam turbine engine 1s illustrated. A
rotor 110 1llustrated 1n FIG. 8 comprises a rotor disc 112 and
a plurality of blades 114, 1llustrated herein as an exemplary
first blade 114a and an adjacent exemplary second blade
114bH. The blades 114a, 1145 comprise radially elongated
structures extending from a blade root 116 engaged with the
rotor disc 112 to a blade tip 118. Each of the blades 114a,
1145 includes a pressure sidewall 120 and a suction sidewall
122 opposed form the pressure sidewall 120. It 1s noted that
the blades 114a, 1145 and rotor disc 112 1llustrated 1n FIG. 8
and the blade 114qa illustrated in FIG. 9 are schematically
shown and may have other configurations than as shown
without departing from the scope and spirit of the mvention.

[0033] Each of the blades 114qa, 1145 further includes first
and second snubber assemblies 124, 126 located generally
mid-span between the blade root 116 and the blade tip 118 of
each of the blades 114q, 1144.

[0034] The first snubber assembly 124 associated with the
first blade 114a will now be described, 1t being understood
that the first snubber assemblies 124 of the other blades 114
are substantially 1dentical to the first snubber assembly 124
described herein. As shown in FIGS. 8 and 9, the first snubber
assembly 124 comprises a first base portion 128 extending
from the pressure sidewall 120 of the first blade 114a at a first
end 128A of the first base portion 128, and a first snubber
portion 130 aflixed to the first base portion 128. As shown in
FIGS. 8 and 9, the first snubber assembly 124 1s a tapered
member having an outer diameter D, (see FIG. 9) that
decreases as the first snubber assembly 124 extends away
from the pressure sidewall 120 of the first blade 114a,
although 1t 1s understood that the first snubber assembly 124
could have a generally constant outer diameter 1D, and/or
could have other shapes or configurations as desired, such as,
for example, elliptical, airfoil-shaped, etc.

[0035] As will be described herein, the first base portion
128 is cast integrally with the first blade 114a during a first
casting procedure. The first base portion 128 and the first
blade 114a may be formed, for example, from an equiaxed
material or a directionally solidified material. More specifi-
cally, the base portion 128 and the first blade 114a may be

formed, for example from a nickel based superalloy, such as
CM247CC or CM247DS.

[0036] The first snubber portion 130 is cast onto the first
base portion 128 of the first snubber assembly 124 during a
second casting procedure, also referred to herein as a bicast-
ing procedure or a bicast. The first snubber portion 130 1s
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formed from a matenal that preferably has good oxidation,
corrosion, and/or creep resistance characteristics. It 1s noted
that the first snubber portion 130 may preferably be formed
from the same/similar maternial as the first base portion 128
and the first blade 114qa such that each of these components
has the same or similar coelficient of thermal expansion,
although the first snubber portion 130 may be formed from a
different material than the first base portion 128 and the first
blade 114a.

[0037] AsshowninFIGS. 8 and9, the first base portion 128
includes first connection structure 136 comprising an annular
ridge 138 (see FIGS. 9 and 10) or flange that extends radially
outwardly from a second end portion 128B of the first base
portion 128 distal from the first blade 114a, wherein the
second end portion 128B has a reduced diameter than a
remainder of the first base portion 128. The first connection
structure 136 may be formed 1n the first base portion 128
during the first casting procedure, or may be formed 1n the
first base portion 128 during a material removal procedure,
e.g., a grinding, electro-discharge machining, or waterjet
machining procedure, subsequent to the first casting proce-
dure. The first snubber portion 130 includes second connec-
tion structure 140 comprising an annular groove 142 or recess
that extends radially outwardly from an inner wall 144 of the
first snubber portion 130 near a first end portion 130A of the
first snubber portion 130, see FIG. 9. The second connection
structure 140, which 1s formed 1n the first snubber portion 130
during the bicasting procedure, receives the first connection
structure 140 to create a coupling between the snubber por-
tion 130 to the first base portion 128, 1.e., to secure the first
snubber portion 130 to the first base portion 128. That 1s, the
second connection structure 140 interacts with the first con-
nection structure 136 to substantially prevent separational
movement between the first base portion 128 and the first
snubber portion 130 during operation of the engine, which
separational movement between the first base portion 128 and
the first snubber portion 130 1s substantially prevented by the
first and second connection structures 136, 140 without a
bonding matenial.

[0038] As shown most clearly mn FIG. 9, the first base
portion 128 and the first snubber portion 130 have substan-
tially equivalent outer diameters D, Do, at a junction 148
therebetween such that there 1s substantially no discontinuity
of the first snubber assembly 124 at the junction 148. Hence,
the first snubber assembly 124 being formed from two pieces,
1.€., the first base portion 128 and the first snubber portion
130, 1s not believed to adversely afiect flow characteristics
through the turbine section T  of the engine when compared to
prior art one-piece snubber assemblies.

[0039] A second end portion 130B of the first snubber
portion 130 1n the embodiment shown defines a first angled
surface 154a. The first angled surface 154a 1s spaced from a
corresponding angled surface 1545 of a snubber portion 130
of a snubber assembly 124 of the adjacent second blade 1145,
such that a first space S, or gap 1s formed therebetween, see

FIG. 8.

[0040] Referring now to FIG. 9, the first blade 114a
includes a cooling circuit 160 comprising at least one cooling
passage 162 in a hollow interior portion 164 of the first blade
114a. It 1s noted that while a single cooling passage 162 1s
schematically shown 1n the hollow interior portion 164 of the
first blade 114 a in F1G. 9, one skilled 1n the art will recognize
that there are many types of configurations for cooling pas-
sages within turbine blades, such that the present invention 1s
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not mtended to be limited to any specific type ol internal blade
cooling configuration. The cooling passage 162 receives
cooling fluid, such as compressor discharge air, for cooling
the first blade 114a during operation of the engine.

[0041] In accordance with an aspect of the present mven-
tion, the first base portion 128 of the first snubber assembly
124 includes an opening 166 formed therein, which opening
166 1s 1n communication with the cooling passage 162 within
the first blade 114a. The opening 166 may comprise a central
bore formed in the first base portion 128, which may be
tormed during the first casting procedure or subsequent to the
first casting procedure during a machining operation. The
opening 166 recetves cooling fluid from the cooling passage
162 for cooling the first snubber assembly 124.

[0042] The first snubber portion 130 in turn includes a
cooling passageway 168 defined by the inner wall 144, which
cooling passageway 168 1s in communication with the open-
ing 166 in the first base portion 128, see F1G. 9. The cooling
passageway 168 may comprise a central bore formed in the
first snubber portion 130, which may be formed during the
bicasting procedure or subsequent to the bicasting procedure
during a machining operation. The cooling passageway 168

receives cooling fluid from the opening 166 for cooling the
first snubber portion 130.

[0043] The first snubber portion 130 also includes at least
one cooling fluid outlet 170 that discharges cooling fluid 1n
the cooling passageway 168 from the first snubber assembly
124, see FI1G. 9. While the 1llustrated first snubber assembly
124 includes only a single cooling fluid outlet 170 located
near the second end portion 130B of the first snubber portion
130, the first snubber assembly 124 may include one or more
additional cooling fluid outlets, which may be positioned 1n
any suitable location.

[0044] The second snubber assembly 126 associated with
the first blade 114a extends from the suction sidewall 124 of
the first blade 114a but 1s otherwise generally a mirror image
of the first snubber assembly 124 associated with the first
blade 114a. The second snubber assembly 126 (and the sec-
ond snubber assemblies 126 associated with the remaining
blades 114) will thus not be described 1n detail herein.

[0045] It 1s noted that while the i1llustrated first blade 1144
includes the cooling circuit 160, the present mvention 1s not
intended to be limited to blades including cooling circuits.
For example, the snubber assemblies 124, 126 described
herein, which are formed by first and second casting proce-
dures, could also be used with blades that are not cooled by
internal cooling circuits. In such a case, the snubber assem-
blies 124, 126 would not need to include the openings 166 or
cooling passageways 168.

[0046] During operation of the engine, centrifugal forces
are exerted on the blades 114 and first and second snubber
structures 124, 126 as a result of the rotation of the blades 114
with the rotor 110. These centrifugal forces cause the blades
114 to “untwist”, which causes the first and second angled
surfaces 154a, 1545 of the respective snubber structures 124,
126 to move toward each other to engage each other with a
damping force. It should be noted that 1t 1s desirable to con-
figure the snubber structures 124, 126 to produce a damping
force that 1s sufficient to produce damping at the interface
between the snubber structures 124, 126 to control blade
vibration.

[0047] Referring to FIGS. 8-10, a method will now be
described for forming a turbine blade assembly including a
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blade, e.g., the first blade 114a, and first and second snubber
assemblies, e.g., the first and second snubber assemblies 124,
126.

[0048] Thefirst blade 114a and the base portions 128 of the
first and second snubber assemblies 124, 126 are formed
during a first casting procedure. The resulting structure is
illustrated 1 FIG. 10, although, as noted above, the first
connection structures 136 can be formed 1n the second end
portions 128B of the base portions 128 of the first and second
snubber assemblies 124, 126 during the first casting proce-
dure or during a subsequent material removal operation. The
openings 166 1n the base portions 128 of the first and second
snubber assemblies 124, 126 can also be formed during the
first casting procedure or during a subsequent material
removal operation.

[0049] Thereatter, the snubber portions 130 of the first and
second snubber assemblies 124, 126 are formed during a
second casting procedure, wherein the second connection
structures 140 of the snubber portions 130 of the first and
second snubber assemblies 124, 126 interact with the first
connection structures 136 of the base portions 128 of the first
and second snubber assemblies 124, 126 to substantially pre-
vent separational movement between the snubber portions
130 and the base portions 128 of the first and second snubber
assemblies 124, 126.

[0050] By forming the snubber assemblies 124,126 via first
and second casting procedures, difficulties associated with
the formation of prior art snubber assemblies are avoided. For
example, prior art attempts to cast the entire snubber assem-
bly with the blade during a single casting procedure have
resulted 1n snubber assemblies having significant defects or
deformities, which must be repaired to be suitable for use. In
addition prior art attempts at casting a base portion of a
snubber assembly with the blade during a first casting proce-
dure and then aflixing a snubber portion to the base portion by
welding, brazing, or other technique using a bonding material
are expensive and often result in damage to the blade, base
portion, and/or snubber portion. These difficulties of the prior
art are avoided by the formation of snubber assemblies using
two casting procedures as disclosed herein.

[0051] While particular embodiments of the present inven-
tion have been illustrated and described, 1t would be obvious
to those skilled 1n the art that various other changes and
modifications can be made without departing from the spirit
and scope of the invention. It 1s therefore mntended to cover 1n
the appended claims all such changes and modifications that
are within the scope of this invention.

What 1s claimed 1s:

1. A turbine blade assembly 1n a turbine engine comprising;:

a turbine blade having a pressure sidewall and an opposed
suction sidewall; and

a first snubber assembly associated with one of the pressure
sidewall and the suction sidewall and comprising:

a first base portion extending outwardly from the one of
the pressure sidewall and the suction sidewall, the first
base portion being integrally cast with the turbine
blade and including first connection structure; and

a first snubber portion bicast onto the first base portion
and having second connection structure that interacts
with the first connection structure to substantially pre-

vent separational movement between the {first base
portion and the first snubber portion.

2. The turbine blade assembly of claim 1, wherein the first
connection structure comprises one of an annular ridge and an
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annular groove and the second connection structure com-
prises the other of an annular ndge and an annular groove.

3. The turbine blade assembly of claim 1, wherein the first
base portion and the first snubber portion have substantially
equivalent outer diameters at a junction therebetween such
that there 1s substantially no discontinuity of the first snubber
assembly at the junction.

4. The turbine blade assembly of claim 1, wherein the outer
diameter of the first snubber portion decreases as the first
snubber portion extends away from the turbine blade.

5. The turbine blade assembly of claim 1, wherein separa-
tional movement between the first base portion and the first
snubber portion 1s substantially prevented by the first and
second connection structures without a bonding material.

6. The turbine blade assembly of claim 1, wherein the first
base portion includes an opening formed therein 1n commu-
nication with a cooling passage within the turbine blade, the
opening receiving cooling fluid from the cooling passage.

7. The turbine blade assembly of claim 6, wherein the first
snubber portion 1ncludes a cooling passageway 1n communi-
cation with the openming in the first base portion, the cooling
passageway receiving cooling tluid from the opening.

8. The turbine blade assembly of claim 7, wherein the first
snubber portion includes at least one cooling tluid outlet that
discharges cooling fluid 1n the cooling passageway from the
first snubber assembly.

9. The turbine blade assembly of claim 1, further compris-
ng:

a second snubber assembly associated with the other of the
pressure sidewall and the suction sidewall and compris-
ng:

a second base portion extending outwardly from the
other of the pressure sidewall and the suction side-
wall, the second base portion being integrally cast
with the turbine blade and including third connection
structure; and

a second snubber portion bicast onto the second base
portion and having fourth connection structure that
interacts with the third connection structure to sub-
stantially prevent separational movement between the
second base portion and the second snubber portion.

10. A coupling between two components 1 a turbine
engine comprising:

a first component formed by a first casting procedure and
including first connection structure comprising one of a
continuous annular ridge and a continuous annular
groove; and

a second component bicast onto the first component during,
a second casting procedure and having second connec-
tion structure comprising the other of a continuous annu-
lar ridge and a continuous annular groove, the second
connection structure interacting with the first connec-
tion structure to substantially prevent separational
movement between the first component and the second
component.

11. The coupling of claim 10, wherein the first component

and the second component have substantially equivalent
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outer diameters at a junction therebetween such that there 1s
substantially no discontinuity between the first and second
components at the junction.

12. The coupling of claim 10, wherein separational move-
ment between the first component and the second component
1s substantially prevented by the first and second connection
structures without a bonding material.

13. A method for forming a turbine blade assembly com-
prising:
performing a first casting procedure to form:

a turbine blade having a pressure sidewall and an
opposed suction sidewall; and

a base portion of a snubber assembly, the base portion
extending from one of the pressure sidewall and the
suction sidewall;

performing a second casting procedure comprising;:

casting a snubber portion onto the base portion such that
first connection structure of the base portion interacts
with second connection structure of the snubber por-
tion to substantially prevent separational movement
between the base portion and the snubber portion.

14. The method of claim 13, wherein:

the first connection structure 1s machined 1nto the base
portion aiter the first casting procedure and comprises
one of an annular ridge and an annular groove; and

the second connection structure comprises the other of an
annular ridge and an annular groove.

15. The method of claim 13, wherein the base portion and
the snubber portion are cast to have substantially equivalent
outer diameters at a junction therebetween such that there 1s
substantially no discontinuity of the snubber assembly at the
junction.

16. The method of claim 13, wherein separational move-
ment between the base portion and the snubber portion 1s
substantially prevented by the first and second connection
structures without a bonding material.

17. The method of claim 13, wherein the base portion 1s
cast to mclude an opening in communication with a cooling
passage cast within the turbine blade, the opening for receiv-
ing cooling fluid from the cooling passage during operation of
an engine including the turbine blade assembly.

18. The method of claim 17, wherein the snubber portion 1s
cast to include a cooling passageway 1n communication with
the opening in the base portion, the cooling passageway for
receiving cooling tluid from the opening during operation of
the engine.

19. The method of claim 18, further comprising forming at
least one cooling fluid outlet 1n the snubber portion, the at
least one cooling fluid outlet for discharging cooling fluid 1n
the cooling passageway from the snubber assembly during
operation of the engine.

% o *H % x



	Front Page
	Drawings
	Specification
	Claims

