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Description
TECHNICAL FIELD

[0001] The disclosure relates generally to turboma-
chines, and more particularly, to a sealing assembly and
sealing members therefor with spline seal slots in slash
faces that provide for spline seal insertion and retention.

BACKGROUND

[0002] The main flow path of a turbine is designed to
confine the main working fluid as it flows through the tur-
bine and over rotating blade stages of the turbine. One
mechanism to confine the main working fluid includes a
sealing assembly, sometimes referred to as near flow
path seal (NFPS), between adjacent rotating blade stag-
es. The sealing assembly interacts with an inner radial
surface of a nozzle to prevent escape of the main working
fluid. The sealing assembly includes a number of sealing
members arranged in a circumferential arrangement
about the rotor between adjacent rotating blade stages.
Each sealing member provides an axially extending seal-
ing surface between the rotating blade stages that col-
lectively abut one another to prevent the main working
fluid from escaping between turbine blade rotor stages.
One challenge with the seal assemblies is providing suf-
ficient sealing between adjacent sealing members. Typ-
ically, each sealing member includes a slot defined in a
circumferential facing slash face thereof to receive a
spline seal, also known as afeather seal. The spline seals
seal aradially inner area from a radially outer area. Spline
seals are difficult to assemble with the sealing members
without damaging the spline seal, the sealing assembly
and/or adjacentstructure. For example, the sealing mem-
ber’s position may be adjusted during assembly ina man-
nerthatdamages the spline seals. Alternatively, the proc-
ess of assembling the sealing members can cause the
spline seals to be removed, orincorrectly positioned. Dis-
assembly of the sealing members may be necessary to
replace or repair a spline seal that is damaged, or mis-
positioned.

BRIEF DESCRIPTION

[0003] All aspects, examples and features mentioned
below can be combined in any technically possible way.
[0004] An aspect of the disclosure provides a sealing
member for a sealing assembly including a plurality of
sealing members configured to be located adjacent one
another between adjacent rotating blade stages of a tur-
bine, wherein the sealing membercomprises: asealbase
including a securing mechanism operative to secure to
an inter-stage support structure; an axially extending
sealing portion coupled to the seal base, the axially ex-
tending sealing portion having a first axial end and an
opposing, second axial end, and a first slash face and
an opposing second slash face, wherein each slash face
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extends between the first axial end and the opposing,
second axial end; a first spline seal slot defined in the
first slash face, the first spline seal slot including a first
spline seal-entry opening defined through the first axial
end of the axially extending sealing portion; and a second
spline seal slot defined in the second slash face, the sec-
ond spline seal slot including a second spline seal-entry
opening defined through the first axial end of the axially
extending sealing portion, wherein the first spline seal-
entry opening in the first slash face is at a first radial
position that is different than a second radial position of
the second spline seal-entry opening in the second slash
face, and wherein the first spline seal slot and the second
spline seal slot of adjacent sealing members cooperate
to retain a spline seal therein in an operating position
thereof.

[0005] Another aspect of the disclosure includes any
of the preceding aspects, and the first spline seal slot in
the first slash face includes a closed end at the second
axial end of the axially extending sealing portion.
[0006] Another aspect of the disclosure includes any
of the preceding aspects, and the second spline seal slot
in the second slash face includes a spline seal pass-
through opening defined through the second axial end
of the axially extending sealing portion. The spline seal
passthrough opening is radially aligned with the first
spline seal slot defined in the first slash face.

[0007] Another aspect of the disclosure includes any
of the preceding aspects, and the first spline seal slot in
the first slash face includes a first spline seal end-retain-
ing seat in the first axial end of the axially extending seal-
ing portion, and a second spline seal end-retaining seat
in the second axial end of the axially extending sealing
portion, wherein the first axial opening is contiguous with
the first spline seal end-retaining seat, and wherein the
second spline seal slot in the second slash face includes
a third spline seal end-retaining seat in the second axial
end of the axially extending sealing portion.

[0008] Another aspect of the disclosure provides a
sealing assembly, comprising: a plurality of first sealing
members configured to be located adjacent one another
between adjacent rotating blade stages in a turbine,
wherein each first sealing member includes: a first seal
base including a first securing mechanism operative to
secure the sealing member to an inter-stage support
structure; a first axially extending sealing portion coupled
to the first seal base, the first axially extending sealing
portion having a first axial end and an opposing, second
axial end, and a first slash face and an opposing second
slash face, wherein each slash face extends between
the first axial end and the opposing, second axial end; a
first spline seal slot defined in the first slash face, the first
spline seal slot including a first spline seal-entry opening
defined through the first axial end of the first axially ex-
tending sealing portion; and a second spline seal slot
defined in the second slash face, the second spline seal
slot including a second spline seal-entry opening defined
through the first axial end of the first axially extending
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sealing portion, wherein the first spline seal-entry open-
ing in the first slash face is at a first radial position that
is different than a second radial position of the second
spline seal-entry opening in the second slash face, and
wherein the first spline seal slot and the second spline
seal slot of adjacent sealing members cooperate to retain
a spline seal therein in an operating position.

[0009] Another aspect of the disclosure includes any
of the preceding aspects, and the first spline seal slot in
the first slash face includes a closed end at the second
axial end of the axially extending sealing portion.
[0010] Another aspect of the disclosure includes any
of the preceding aspects, and the second spline seal slot
in the second slash face includes a spline seal pass-
through opening defined through the second axial end
of the axially extending sealing portion, wherein the
spline seal passthrough opening is radially aligned with
the first spline seal slot defined in the first slash face.
[0011] Another aspect of the disclosure includes any
of the preceding aspects, and the first spline seal slot in
the first slash face includes a first spline seal end-retain-
ing seat in the first axial end of the first axially extending
sealing portion, and a second spline seal end-retaining
seat in the second axial end of the first axially extending
sealing portion, wherein the first axial opening is contig-
uous with the first spline seal end-retaining seat.

[0012] Another aspect of the disclosure includes any
of the preceding aspects, and the second spline seal slot
in the second slash face includes a third spline seal end-
retaining seat in the second axial end of the first axially
extending sealing portion.

[0013] Another aspect of the disclosure includes any
of the preceding aspects, and the second spline seal-
entry opening in the second slash face couples to a re-
mainder of the second spline seal slot defined in the sec-
ond slash face by a contiguous curved slot portion de-
fined in the second slash face.

[0014] Another aspect of the disclosure includes any
of the preceding aspects, and the contiguous curved slot
portion is circumferentially aligned with the third spline
seal end-retaining seat in the second axial end of the first
axially extending sealing portion.

[0015] Another aspect of the disclosure includes any
of the preceding aspects, and further comprises a spline
seal within spline seal slots of adjacent sealing members,
each spline seal including a planar body having opposing
ends angled relative to the planar body in arelaxed state,
wherein at least one of the opposing ends is retained in
one of the spline seal end-retaining seats in the relaxed
state.

[0016] Another aspect of the disclosure includes any
of the preceding aspects, and the first spline seal-entry
opening in the first slash face couples in a linearly con-
tiguous manner with a remainder of the first spline seal
slot defined in the first slash face.

[0017] Another aspect of the disclosure includes any
of the preceding aspects, and further comprises: a sec-
ond sealing member configured to be located adjacent
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one of the first sealing members, the second sealing
member including: a second seal base including a sec-
ond securing mechanism operative to secure to the inter-
stage support structure; a second axially extending seal-
ing portion coupled to the second seal base, the second
axially extending sealing portion having a third axial end
and an opposing, fourth axial end, and a third slash face
and an opposing fourth slash face, wherein each of the
third and fourth slash faces extends between the third
axial end and the opposing, fourth axial end; and a third
spline seal slot defined in the third slash face, the third
spline seal slotincluding a third spline seal-entry opening
defined through the third axial end of the second axially
extending sealing portion; a fourth spline seal slot defined
in the fourth slash face, the fourth spline seal slot includ-
ing a fourth spline seal-entry opening defined through
the third axial end of the second axially extending sealing
portion, wherein the third spline seal-entry opening and
the fourth spline seal-entry opening are at the first radial
position that is different than the second radial position
of the second spline seal-entry opening, and wherein one
of the third spline seal slot and the fourth spline seal slot
cooperates to retain a spline seal therein in an operating
position with a respective spline seal slot of the adjacent
first sealing member.

[0018] Another aspect of the disclosure includes any
of the preceding aspects, and further comprises: a third
sealing member configured to be located between one
ofthefirst sealing members and the second sealing mem-
ber, the third sealing member including: a third seal base
including a third securing mechanism operative to secure
to the inter-stage support structure; a third axially extend-
ing sealing portion coupled to the third seal base, the
third axially extending sealing portion having a fifth axial
end and an opposing, sixth axial end, and a fifth slash
face and an opposing sixth slash face, wherein each of
the fifth and sixth slash faces extends between the fifth
axial end and the opposing, sixth axial end; and a fifth
spline seal slot defined in the fifth slash face, the fifth
spline seal slot including a fifth spline seal-entry opening
defined through the fifth axial end of the third axially ex-
tending sealing portion; a sixth spline seal slot defined in
the sixth slash face, the sixth spline seal slot including a
sixth spline seal-entry opening defined through the sixth
axial end of the third axially extending sealing portion,
wherein the fifth spline seal-entry opening and the sixth
spline seal-entry opening are at the second radial posi-
tion of the second spline seal-entry opening, and wherein
one of the fifth spline seal slot and the sixth spline seal
slot cooperates to retain a spline seal therein in an op-
erating position with a respective spline seal slot of the
adj acent first sealing member.

[0019] An aspect of the disclosure provides a method
of assembling a plurality of sealing members configured
to be located adjacent one another between adjacent
rotating blade stages of a turbine, the method comprising:
first positioning a first sealing member in an inter-stage
support structure in an operative axial position of the plu-
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rality of sealing members, wherein the first sealing mem-
ber includes a first spline seal slot defined in a first slash
face thereof, the first spline seal slotincluding afirst spline
seal-entry opening defined through a first axial end of a
first axially extending sealing portion of the first sealing
member; second positioning a second sealing member
in the inter-stage support structure in an axial offset po-
sition from the operative axial position that is only partially
toward the operative axial position of the plurality of seal-
ing members, wherein the second sealing member in-
cludes a second spline seal slot definedina second slash
face thereof, the second spline seal slot including a sec-
ond spline seal-entry opening defined through a second
axial end of a second axially extending sealing portion
of the second sealing member, wherein the first and sec-
ond spline seal slots are aligned for receipt of a spline
seal therein in the second axially offset position of the
second sealing member; inserting a spline seal into the
first and second spline seal slots; and third positioning
the second sealing member in the inter-stage support
structure in the operative axial position of the plurality of
sealing members, wherein the third positioning carries
the spline seal into the first and second spline seal slots,
and retains the spline seal in an operative axial position
ofthe spline seal in atleast one spline seal-retaining seat
in at least one of the first and second spline seal slots.
[0020] Another aspect of the disclosure includes any
ofthe preceding aspects, and further comprises retaining
the spline seal in a closed end of the first spline seal slot
in the first slash face at a second axial end of the first
axially extending sealing portion.

[0021] Another aspect of the disclosure includes any
of the preceding aspects, and further comprises, in the
axially offset position, extending the spline seal through
a spline seal passthrough opening defined through a sec-
ond axial end of the second axially extending sealing
portion, wherein the spline seal passthrough opening is
radially aligned with the first spline seal slot.

[0022] Another aspect of the disclosure includes any
of the preceding aspects, and further comprises, in the
operative axial position, retaining: a first seal end of the
spline seal in: a first spline seal end-retaining seat in the
second axial end of the first axially extending sealing por-
tion, and a second spline seal end-retaining seat in the
second axial end of the second axially extending sealing
portion; and a second seal end of the spline seal in a
third spline seal end-retaining seat in the first axial end
of the first axially extending sealing portion.

[0023] Another aspect of the disclosure includes any
of the preceding aspects, and, further comprises: prior
to the first positioning, positioning an initiator sealing
member in the inter-stage support structure in the oper-
ative axial position, the initiator sealing member config-
ured to be positioned adjacent the first sealing member,
the initiator sealing member having spine seal slots on
opposing slash faces thereof having spline seal entry
openings in an axial end of an axially extending seal por-
tion thereof, each of the openings at afirst radial position;
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repeating the second positioning for a number of the sec-
ond sealing members, one of the second sealing mem-
bers adjacent the initiator sealing member; and after the
repeating the second positioning, positioning a locking
sealing member in an axial offset position from the op-
erative axial position that is only partially toward the op-
erative axial position of the plurality of sealing members,
the locking sealing member configured to be located be-
tween a last one of the second sealing members and the
initiator sealing member, the locking sealing member
having spine seal slots on opposing slash faces thereof
having openings in an axial end of an axially extending
seal portion thereof, each of the openings having a dif-
ferent, second radial position than the first radial position;
inserting a spline seal into both the firstand second spline
seal slots of the locking sealing member; and positioning
the locking sealing member in the inter-stage support
structure in the operative axial position of the plurality of
sealing members, wherein the positioning of the locking
sealing member positions both spline seals into the spline
seal slots of the locking sealing member, and retains the
spline seals in the operative axial position of the spline
seals in at least one spline seal-retaining seat in at least
one of the spline seal slots.

[0024] Two or more aspects described in this disclo-
sure, including those described in this summary section,
may be combined to form implementations not specifi-
cally described herein.

[0025] The details of one or more implementations are
set forth in the accompanying drawings and the descrip-
tion below. Other features, objects and advantages will
be apparent from the description and drawings, and from
the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] These and other features of this disclosure will
be more readily understood from the following detailed
description of the various aspects of the disclosure taken
in conjunction with the accompanying drawings that de-
pict various embodiments of the disclosure, in which:

FIG. 1 shows a schematic view of an illustrative tur-
bomachine in the form of a gas turbine system;
FIG. 2 shows a cross-sectional view of an illustrative
gas turbine assembly that may be used with the gas
turbine system in FIG. 1;

FIG. 3 shows a side cross-sectional view of a portion
of a turbine including a sealing assembly including
a plurality of sealing members;

FIG. 4 shows a perspective view of an illustrative
sealing member and a spline seal;

FIG. 5 shows a side view of a first slash face of the
sealing member including a first spline seal slot;
FIG. 6 shows a side view of a second, opposing slash
face of the sealing memberincluding a second spline
seal slot that is different than the first spline seal slot;
FIG. 7 shows an end view of a forward axial end of
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an axially extending sealing portion of a main sealing
member;

FIG. 8 shows an end view of an aft axial end of the
axially extending sealing portion of the main sealing
member;

FIG. 9 shows an end view of a forward end portion
of a sealing assembly in a turbine;

FIG. 10 shows an end view of a forward axial end of
an axially extending sealing portion of an initiator
sealing member;

FIG. 11 shows an end view of a forward axial end of
an axially extending sealing portion of a locking seal-
ing member;

FIG. 12 shows a perspective view of an initial ar-
rangement for a method of assembling the sealing
assembly including aninitiator or previous main seal-
ing member in an operative axial position;

FIG. 13 shows a perspective view of positioning of
a sealing member in an axially offset position during
assembling of the sealing assembily;

FIG. 14 shows an enlarged perspective view along
view line 14-14 in FIG. 13 of the interaction of spline
seal slots of adjacent sealing members in the axially
offset position;

FIG. 15 shows a perspective view of initially inserting
a spline seal within adjacent sealing members in the
axially offset position during assembling of the seal-
ing assembly;

FIG. 16 shows a perspective view of the spline seal
fully inserted within adjacent sealing members in the
axially offset position during assembling of the seal-
ing assembly;

FIG. 17 shows an enlarged perspective view along
view line 17 in FIG. 16 of the interaction of the spline
seal and the spline seal slots of adjacent sealing
members in the axially offset position;

FIG. 18 shows an enlarged perspective view along
view line 18 in FIG. 16 of the interaction of the spline
seal and the spline seal slots of adjacent sealing
members in the axially offset position;

FIG. 19 shows a perspective view of positioning the
sealing member in an operative axial position during
assembling of the sealing assembily;

FIG. 20 shows an enlarged perspective view along
view line 20 in FIG. 19 with a nearest sealing member
removed from view, and showing the position of the
spline seal in one of the spline seal slots in the op-
erative axial position of the sealing members;

FIG. 21 shows an enlarged perspective view along
view line 21in FIG. 19 with a nearest sealing member
removed from view, and showing the position of the
spline seal in one of the spline seal slots in the op-
erative axial position of the sealing members;

FIG. 22 shows an enlarged perspective view along
view line 22in FIG. 19 with a nearest sealing member
removed from view, and showing the position of the
spline seal in one of the spline seal slots in the op-
erative axial position of the sealing members;
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FIG. 23 shows an enlarged perspective view along
view line 23 in FIG. 19 with a nearest sealing member
removed from view, and showing the position of the
spline seal in one of the spline seal slots in the axially
aligned, operative axial position of the sealing mem-
bers; and

FIG. 24 shows a perspective view of positioning a
locking sealing member with insertion of spline seals
to complete the sealing assembly.

[0027] It is noted that the drawings of the disclosure
are not necessarily to scale. The drawings are intended
to depict only typical aspects of the disclosure and there-
fore should not be considered as limiting the scope of
the disclosure. In the drawings, like numbering repre-
sents like elements between the drawings.

DETAILED DESCRIPTION

[0028] As an initial matter, in order to clearly describe
the subject matter of the currentdisclosure, it will become
necessary to select certain terminology when referring
to and describing relevant machine components within
aturbomachine. To the extent possible, common industry
terminology will be used and employed in a manner con-
sistent with its accepted meaning. Unless otherwise stat-
ed, such terminology should be given a broad interpre-
tation consistent with the context of the present applica-
tion and the scope of the appended claims. Those of
ordinary skill in the art will appreciate that often a partic-
ular component may be referred to using several different
or overlapping terms. What may be described herein as
being a single part may include and be referenced in
another context as consisting of multiple components.
Alternatively, what may be described herein as including
multiple components may be referred to elsewhere as a
single part.

[0029] In addition, several descriptive terms may be
used regularly herein, and it should prove helpfulto define
these terms at the onset of this section. These terms and
their definitions, unless stated otherwise, are as follows.
As used herein, "downstream" and "upstream" are terms
thatindicate a direction relative to the flow of a fluid, such
as the working fluid through the turbine engine or, for
example, the flow of air through the combustor or coolant
through one of the turbine’s component systems. The
term "downstream" corresponds to the direction of flow
of the fluid, and the term "upstream" refers to the direction
opposite to the flow (i.e., the direction from which the flow
originates).

[0030] It is often required to describe parts that are
disposed at differing radial positions with regard to a cent-
er axis. The term "radial" refers to movement or position
perpendicular to an axis. For example, if a first compo-
nentresides closer to the axis than a second component,
it will be stated herein that the first component is "radially
inward" or "inboard" of the second component. If, on the
other hand, the first component resides further from the
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axis than the second component, it may be stated herein
thatthe first componentis "radially outward" or "outboard"
of the second component. The term "axial" refers to
movement or position parallel to an axis. Finally, the term
"circumferential” refers to movement or position around
an axis. It will be appreciated that such terms may be
applied in relation to the center axis of the turbine.
[0031] In addition, several descriptive terms may be
used regularly herein, as described below. The terms
"first", "second", and "third," may be used interchangea-
bly to distinguish one component from another and are
not intended to signify location, order or importance of
the individual components.

[0032] The terminology used herein has the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the disclosure. As used herein,
the singular forms "a", "an" and "the" are intended to in-
clude the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the
terms "comprises" and/or "comprising," when used in this
specification, specify the presence of stated features, in-
tegers, steps, operations, elements, and/or components
but do not preclude the presence or addition of one or
more other features, integers, steps, operations, ele-
ments, components, and/or groups thereof. "Optional” or
"optionally" means that the subsequently described
event or circumstance may or may not occur or that the
subsequently describe component or element may or
may not be present, and that the description includes
instances where the event occurs or the component is
presentand instances where it does not or is not present.
[0033] Where an element or layer is referred to as be-
ing "on," "engaged to," "connected to" or "coupled to"
another element or layer, it may be directly on, engaged
to, connected to, or coupled to the other element or layer,
orintervening elements or layers may be present. In con-
trast, when an element is referred to as being "directly
on," "directly engaged to," "directly connected to" or "di-
rectly coupled to" another element or layer, there may
be no intervening elements or layers present. Other
words used to describe the relationship between ele-
ments should be interpreted in a like fashion (e.g., "be-
tween" versus "directly between," "adjacent" versus "di-
rectly adjacent," etc.). As used herein, the term "and/or"
includes any and all combinations of one or more of the
associated listed items.

[0034] As indicated above, the disclosure provides a
sealing assembly including a plurality of sealing mem-
bers configured to be located circumferentially adjacent
one another between adjacent rotating blade stages in
aturbine. The sealing members include axially extending
sealing portions having spline seal slots defined in op-
posing slash faces thereof. The axially extending sealing
portions interact to form a complete sealing assembly.
The spline seal slots are structured to allow insertion of
a spline seal into facing slots on adjacent sealing mem-
bers when the sealing members are in an axially offset
position, and to retain the spline seal in the facing slots
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when the sealing members are moved to an operative
axial position. The slots may include spline seal-retaining
seats therein to properly position and retain the spline
seals. The sealing members facilitate installing of the
sealing assembly with proper positioning of the spline
seal, and without damaging the spline seal or adjacent
structure. The sealing assembly does not require addi-
tional parts or tools compared to conventional systems,
and does not require any other changes to the turbine,
thus allowing application to both new and older turbines.
A method of assembling the sealing assembly will also
be described.

[0035] FIG. 1 shows a schematic illustration of an il-
lustrative turbomachine 100 in the form of a combustion
or gas turbine system. Turbomachine 100 includes a
compressor 102 and a combustor 104. Combustor 104
includes a combustion region 106 and a fuel nozzle as-
sembly 108. Turbomachine 100 also includes a turbine
110 and a common compressor/turbine shaft 112 (some-
times referred to as a rotor 112). In one embodiment, GT
system 100 is a 7HA.03 engine, commercially available
from General Electric Company, Greenville, S.C. The
present disclosure is not limited to any one particular GT
system and may be implemented in connection with other
engines including, for example, the other HA, F, B, LM,
GT, TM and E-class engine models of General Electric
Company, and engine models of other companies. Fur-
thermore, the presentdisclosure is not limited to any par-
ticular turbomachine, and may be applicable to, for ex-
ample, steam turbines, jet engines, compressors, turbo-
fans, etc.

[0036] In operation, air flows through compressor 102
and compressed air is supplied to combustor 104. Spe-
cifically, the compressed air is supplied to fuel nozzle
assembly 108 that is integral to combustor 104. Assem-
bly 108 is in flow communication with combustion region
106. Fuel nozzle assembly 108 is also in flow communi-
cation with a fuel source (not shown in FIG. 1) and chan-
nels fuel and air to combustion region 106. Combustor
104 ignites and combusts fuel. Combustor 104 is in flow
communication with turbine assembly 110 for which gas
stream thermal energy is converted to mechanical rota-
tional energy. Turbine assembly 110 includes a turbine
111 that rotatably couples to and drives rotor 112. Com-
pressor 102 also is rotatably coupled to rotor 112. In the
illustrative embodiment, there is a plurality of combustors
106 and fuel nozzle assemblies 108.

[0037] FIG. 2 shows a cross-sectional view of an illus-
trative turbine assembly 110 of turbomachine 100 (FIG.
1) that may be used with the gas turbine system in FIG.
1. Turbine 111 of turbine assembly 110 includes a nozzle
or vane stage 120 coupled to a stationary casing 122 of
turbomachine 100 and axially adjacent a rotating blade
stage 124. A nozzle or vane 126 may be held in turbine
assembly 110 by a radially outer platform 128 and a ra-
dially inner platform 130. Rotating blade stage(s) 124 in
turbine assembly 110 includes rotating blades 132 cou-
pled to rotor 112 by a rotor wheel 138 and rotating with
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the rotor. Rotating blades 132 may include a radially in-
ward platform 134 (at root of blade) coupled to rotor 112
and a radially outward tip shroud 136 (at tip of blade). A
sealing assembly 140 is included between rotating blade
stages 124, i.e., rotor wheel 138 and rotating blades 132,
and forms a rim seal or other airflow path seal. Sealing
assembly 140 may form a rim or outer boundary of turbine
rotor 112 that separates the main working fluid (such as
combustion gas) flow path from interior portions of rotor
112 (including components such as portions of the shaft
of rotor 112 and rotor wheels 138). Sealing assembly 140
is configured to prevent fluids from migrating to or from
the main working fluid flow path formed by blades 132
and nozzles 126.

[0038] FIG. 3 shows a side cross-sectional view of a
portion of turbine 111 including a sealing assembly 140
including a plurality of sealing members, and FIG. 4
shows a perspective view of a sealing member of FIG.
3. In one embodiment, sealing assembly 140 includes a
plurality of sealing members configured to be located ad-
jacentone another between adjacentrotating blade stag-
es 124 of turbine 111. As will be described herein, sealing
assembly 140 includes several different types of sealing
members. (Note, the sealing member in FIG. 4 is a com-
posite of a number of different types of sealing members
142, 210, 212, described herein). One sealing member
is provided to initiate assembly and thus is referred to as
an "initiator sealing member" 210 (FIGS. 9, 10), another
terminates assembly and locks the sealing members in
place, and thus is referred to as a "locking sealing mem-
ber" 212 (FIGS. 9, 11). However, as will be described,
most of the sealing members include what is referred to
herein as a "main sealing member" 142. As noted, the
sealing members include spline seal slots on opposing
slash faces thereof to allow insertion and retaining of a
spline seal 180 between adjacent sealing members. The
difference between sealing members is based on the
spline seal slots that they include on opposing slash faces
170, 172 thereof - out of the two types of spline seal slots
used. As will be described, main sealing members 142
include different spline seal slots, initiator sealing mem-
ber 210 includes one type of the spline seal slots on both
slash faces, and locking sealing member 212 includes
the other type of spline seal slot on both slash faces. All
sealing members 142,210, 212 may radially contact, and
may be radially loaded against, rotating blade stages
124.

[0039] Continuing with FIGS. 3 and 4, each sealing
member 142, 210, 212 includes one or more generally
axially extending portions ("axial sealing portions" or "ax-
ially extending sealing portions") 144 coupled to a seal
base 162. Axial sealing portions 144 have a first axial
end 146 and an opposing, second axial end 148. Axial
sealing portions 144 also have a first slash face 170 and
an opposing second slash face 172. Each slash face 170,
172 extends between first axial end 146 and opposing,
second axial end 148. Slash faces 170, 172 face circum-
ferentially to mate with a respective slash face 172, 170

10

15

20

25

30

35

40

45

50

55

of an adjacent sealing member 142, 210, 212, as will be
further described herein. For purposes of description, first
axial end 146 is illustrated as a forward axial end, and
second axial end 148 is illustrated as an aft axial end. As
described herein, "forward" refers to a leading position
relative to a reference position along a working fluid flow
path, and "aft" refers to a trailing position relative to a
reference position along the fluid flow path, see e.g., ar-
row WF illustrating a working fluid flow direction. Here-
after, the axial ends will be referenced as forward axial
end 146 and aft axial end 148, for clarity. Itis emphasized,
however, that the axial ends and the structures posi-
tioned by reference thereto can be switched without de-
parting from the scope of the disclosure.

[0040] In one embodiment, axial sealing portion 144
also includes load surfaces 150 (FIG. 4) located at or
proximate to forward axial end 146 and aft axial end 148
and configured to contact and exert an outward radial
load against each rotating blade stage 124. For example,
load surfaces 150 are configured to contact axially pro-
truding shelves 152 or other protrusions extending axially
from rotating blade stages 124. In the example shown in
FIG. 3, shelves 152 are disposed at blade shanks or ra-
dial inner platforms 134, although shelves 152 may be
disposed at any suitable location, such as at selected
locations of rotor wheels 138 and blades 132. In one em-
bodiment, a seal is formed by contact between load sur-
faces 150 and shelves 152, and/or a sealing mechanism,
such as a load bar or a wire seal 154 (FIG. 4), disposed
at forward end 146 and/or aft end 148.

[0041] In one embodiment, axial sealing portion 144
includes radial sealing members configured to contact a
partof nozzle stage 120 (FIG. 3). Forexample, axial seal-
ing portion 144 may include a plurality of seal teeth 158
that are disposed on a radial outer side of axial sealing
portion 144 and extend radially outwardly. Seal teeth 158
are configured to seal against a stator surface of nozzle
stage 120, for example, an inner nozzle support structure
such as radial inner platform 130 (FIG. 3) including an
abradable surface 160 (FIG. 3).

[0042] Sealing member(s) 142, 210, 212 also include
a seal base 162 that is removably attachable to an inter-
stage support structure 164, such as a turbine spacer
rim structure. In one embodiment, seal base 162 includes
a retention mechanism 166 operative to secure sealing
member 142 to inter-stage support structure 164. In one
embodiment, seal base 162 includes retention mecha-
nism 166 configured to secure sealing member 142, 210,
212 in place in at least substantially radial and tangential
directions relative to support structure 164, but allow for
axial movement. Retention mechanism 166 is illustrated
as an at least substantially axial dovetail, although the
retention mechanism is not so limited. Sealing member
142, 210, 212 is not limited to the shapes and configu-
rations described herein, as sealing member 142, 210,
212, axial sealing portion 144, retention mechanism 166,
and/or seal base 162, may be shaped as desired, for
example, to reduce weight, deflection, leakage and/or
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stress.

[0043] Sealing assembly 140 includes a plurality of
sealing members 142, 210, 212 that are configured to be
disposed against one another to form a continuous cir-
cumferential sealing member. Each of sealing members
142, 210, 212 may include sealing features to control
leakage around and/or through rim seal segments. For
example, sealing features may include segment seals
168 such as generally axially and/or radially extending
spline seals, wire seals or pin seals to form seals between
seal bases 162 of adjacent sealing members 142, 210,
212 to lessen fluid flow therebetween.

[0044] FIGS. 4-8 show views of main sealing member
142 for purposes of introducing spline seal-receiving
slots ("spline seal slots," "spline slots") 174, 176. FIG. 5
shows a side view of first slash face 170, and FIG. 6
shows a side view of second slash face 172, on the same
axial sealing portion 144 of anillustrative first, main seal-
ing member 142. That is, FIGS. 5 and 6 show opposing
slash faces 170, 172 of the same main sealing member
142. FIG. 7 shows an end view of forward axial end 146
of axial sealing portion 144, and FIG. 8 shows an end
view of aft axial end 148 of axial sealing portion 144, of
the same main sealing member 142.

[0045] In certain embodiments of main sealing mem-
bers 142, as shown in FIGS. 4 and 5, a first stationary
slot 174 is defined in first slash face 170, and as shown
in FIG. 6, a second spline seal slot 176 is defined in sec-
ond, opposing slash face 172. Slots 174, 176 are not the
same. As will be described herein, spline seal slots 174,
176 cooperate to position a spline seal 180 (FIG. 4) there-
in in an operative axial position (FIGS. 19-23) of adjacent
sealing members to seal the adjacent sealing member
together. In addition, spline seal slots 174, 176 are struc-
tured to allow insertion of spline seal 180 into facing slots
174, 176 on adjacent sealing members 142, 210, 212,
when the sealing members are in an axially offset posi-
tion, and to retain spline seal 180 in facing spline seal
slots 174, 176, when the adjacent sealing members are
moved to an operative axial position (FIGS. 19-23). Gen-
erally, spline seal slot 174 allows initial sliding of spline
seal 180 into the slot, and then retains spline seal 180
therein as the sealing member in which it is positioned
is held stationary and the adjacent sealing member
moves from the axially offset position to the operative
axial position. Hence, spline seal slot 174 may be referred
to herein for differentiation purposes as "stationary slot
174." Generally, spline seal slot 176 allows initial sliding
of spline seal 180, and then allows adjustment of the
position of spline seal 180 therein as the sealing member
in which it is positioned moves from the axially offset po-
sition to the operative axial position. Hence, spline seal
slot 176 may be referred to herein for differentiation pur-
poses as a "moving slot 176." As will be described herein,
main sealing members 142 include a stationary slot 174
on one slash face 170, and a moving slot 176 on the
opposing slash faces 172. In contrast, initiator sealing
member 210 includes stationary slot 174 on both slash
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faces 170, 172 thereof, and locking sealing member 212
includes moving slot 176 on both slash faces 170, 172,
thereof. In any event, slots 174, 176 may have any de-
sired circumferential dimension (into page in FIGS. 5-6)
to allow seating of spine seal 180 therein, and prevent
circumferential gaps of spine seal 180 relative to slash
faces 170, 172. Spine seal 180 and slots 174, 176 can
also have any length desired, typically a similar length to
that of axial sealing portion 144 in which positioned.
[0046] As showninFIG. 5, stationary slot 174 includes
a first spline seal-entry opening 182 defined through for-
ward axial end 146 of axial sealing portion 144. First
spline seal-entry opening 182 in first slash face 170 cou-
ples in a linearly contiguous manner with a remainder of
stationary slot 174 defined in first slash face 170. Simi-
larly, moving slot 176 includes a second spline seal-entry
opening 184 defined through forward axial end 146 of
axial sealing portion 144. As shown best in FIG. 7, first
spline seal-entry opening 182 is at a first radial position
R1 that is different from a second radial position R2 of
second spline seal-entry opening 184. Radial positions
R1, R2 can have, for example, axis A of turbomachine
100 (FIG. 1) as a reference point, as described herein,
or other fixed structure of turbine 111. In the example
shown in FIG. 7, second spline seal-entry opening 184
is radially outside of first spline seal-entry opening 182,
i.e., R2>R1.FIG. 6 shows second spline seal-entry open-
ing 184 couples to aremainder of moving slot 176 defined
in second slash face 172 by a contiguous curved slot
portion 186 defined in second slash face 172. Curved
slot portion 186 thus positions second spline seal-entry
opening 184 in second slash face 172 at the larger radial
position R2, but transitions smoothly to a remainder of
moving slot 176 defined in second slash face 172 (which
is at first radial position R1), allowing spline seal 180 to
slide smoothly therein. The remainder of moving slot 176
(downstream of curved slot portion 186) and all of sta-
tionary slot 174 generally has the same radial position,
i.e., first radial position R1.

[0047] As shown in FIGS. 5 and 8, stationary slot 174
in first slash face 170 includes a closed end 190 at aft
axial end 148 of axial sealing portion 144. Thus, spline
seal 180 cannot escape through aft axial end 148 of slot
174. In contrast, as shown in FIGS. 6 and 8, moving slot
176 in second slash face 172 includes a spline seal pass-
through opening 192 defined through aft axial end 148
of axial sealing portion 144. Spline seal passthrough
opening ("passthrough opening") 192 is radially aligned
with stationary slot 174 defined in first slash face 170,
i.e.,inan adjacentsealing member. In this manner, spline
seal 180 can slide through passthrough opening 192
while engaged in retaining slot 174 and entry slot 176 of
an adjacent seal member.

[0048] As shown in FIG. 4, in certain embodiments,
spline seal 180 may include a planar body 218 with op-
posing ends ("ends," "seal ends") 194, 195. As will be
described, ends 194, 195 may act to position and retain
spline seal 180 in slots 174, 176. As shown in FIGS. 5
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and 6, stationary slot 174 in first slash face 170 may in-
clude a first spline seal end-retaining seat ("first seal
seat," "seal seat") 196 in forward axial end 146 of axial
sealing portion 144. Stationary slot 174 also may include
a second spline seal end-retaining seat ("second seal
seat," "seal seat") 198 in aft axial end 148 of axial sealing
portion 144. As shown in FIG. 5, first spline seal-entry
opening 182 is contiguous with first seat 196, i.e., they
are connected. As shown in FIG. 6, moving slot 176 in
second slash face 172 may also include a third spline
seal end-retaining seat ("third seal seat," "seal seat") 200
in aft axial end 148 of axial sealing portion 144. Pass-
through opening 192 is contiguous with third seat 200,
i.e., they are connected. Forward axial end 146 of second
slash face 172 is devoid of a spline seal end-retaining
seat because it includes curved slot portion 186. Each
seal seat 196, 198, 200 includes an enlarged opening
that is contiguous with its respective slot 174, 176. As
will be described further, seal seats 196, 198 allow re-
spective ends 194, 195 to be seated and retained therein
when spline seal 180 is installed, and seal seat 200 allows
end 195 to be seated therein when spline seal 180 is
exposed to centrifugal load during operation. Curved slot
portion 186 is circumferentially aligned with first seal seat
196 in forward axial end 146 of stationary slot 174 in axial
sealing portion 144. In this manner, even though forward
end 194 of spline seal 180 has limited movement when
it is in curved slot portion 186 (i.e., it cannot flex or move
radially), curved slot portion 186 can direct forward end
194 of spline seal 180 into seal seat 196 in stationary slot
174 adjacent to curved slot portion 186. This positioning
can occur when forward end 194 is not restrained within
first spline seal-entry opening 182. In this manner, al-
though not axially restrained in curved slot portion 186
in moving slot 176, spline seal 180 can be retained in
slots 174, 176 by first seat 196 in moving slot 176.
[0049] Asnoted herein, sealingassembly 140 includes
a plurality of sealing members 142 configured to be lo-
cated adjacent one another between adjacent rotating
blade stages 124 (FIG. 3) in turbine 111 (FIG. 3). FIG. 9
shows an end view of forward axial ends 146 of a portion
of sealing assembly 140 in an operative state. The portion
of sealing assembly 140 illustrated includes sealing
members located where the actual assembling of sealing
assembly 140 begins and terminates. In addition to main
sealing members 142, as noted previously, sealing as-
sembly 140 also includes a second, initiator sealing
member 210 and a third, locking sealing member 212.
Sealing members 210, 212 are substantially similar to
sealing members 142 except the types of slots providing
therein are the same on both slash face surfaces 170,
172 thereof. As will be described further herein, the pro-
vision of the same slots 174, 176 on both slash faces
170, 172 of sealing members 210, 212 accommodates
starting of the assembling and termination of the assem-
bling of sealing assembly 140.

[0050] As shown in FIG. 9, initiator sealing member
210is configured to be located adjacent one of main seal-
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ing members 142 (left as shown) and locking sealing
member 212 (right as shown). Initiator sealing member
210 includes the same structure as main sealing mem-
bers 142 except for its slots. As shown in FIG. 4, initiator
sealing member 210 includes seal base 162 including
retention mechanism 166 operative to secure to inter-
stage support structure 164. Initiator sealing member 210
also includes axial sealing portion 144 coupled to seal
base 162. Axial sealing portion 144 has axial ends 146,
148, and slash faces 170, 172, and extends between
axial ends 146, 148. FIG. 10 shows an enlarged end view
of forward axial end 146 of initiator sealing member 210.
Here, stationary slots 174 (as in FIG. 5) are provided on
both slash faces 170, 172, with the slots being mirror
images of one another. Thus, as shown in FIG. 10, for-
ward axial end 146 of initiator sealing member 210 has
two stationary slots 174, with both slots including spline
seal-entry opening 182 defined through forward axial end
146 of axial sealing portion 144. Both openings 182 have
firstradial distance R1. Thatis, ininitiator sealing member
210, spline seal-entry opening 182 (left side FIG. 10) and
spline seal-entry opening 182 (right side FIG. 10) are
both at, for example, first radial position R1. As shown in
FIG. 7, first radial position R1 is different from second
radial position R2 of spline seal-entry opening 184 in
slash face 172 in main sealing members 142. As shown
in FIG. 9, one of stationary slots 174 (left side of initiator
sealing member 210 as shown) cooperate to retain spline
seal 180 therein in an operating position with a respective
stationary slot 174 of adjacent first, main sealing member
142. The other stationary slot 174 (right side of initiator
sealing member 210 as shown) cooperates to retain
spline seal 180 therein in an operating position thereof
with a respective moving slot 176 of adjacent locking
sealing member 212.

[0051] With continuing reference to FIG. 9, locking
sealing member 212 is configured to be located between
one of main sealing members 142 (to right thereof as
shown) and initiator sealing member 210 (left thereof as
shown). As illustrated, main sealing members 142 are
assembled in a counterclockwise direction when looking
in the direction of the fluid flow path, i.e., aftas in FIG. 9.
In this configuration, the main sealing member is to the
right of lacking sealing member 212, a last one (last as-
sembled) main sealing member 142F. As shown in FIG.
4, locking sealing member 212 includes the same struc-
ture as sealing members 142, 210 except for its slots.
Locking sealing member 212 includes seal base 162 in-
cluding retention mechanism 166 operative to secure to
inter-stage support structure 164. Locking sealing mem-
ber 212 also includes axial sealing portion 144 coupled
to seal base 162. Axial sealing portion 144 has forward
and aft axial ends 146, 148, and slash faces 170, 172,
which extends between axial ends 146, 148.

[0052] FIG. 11 shows an enlarged end view of forward
axial end 146 of initiator sealing member210. Here, mov-
ing slots 176 (as in FIG. 6) are provided on both slash
faces 170, 172, as shown in FIG. 11, with the slots being
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mirror-images of one another. Thus, as shown in FIG.
11, forward axial end 146 of locking sealing member 212
has two stationary slots 176, with both slots including
spline seal-entry opening 184 defined through forward
axial end 146 of axial sealing portion 144. Both openings
184 have, for example, second radial position R2. That
is, in locking sealing member 212, spline seal-entry open-
ing 184 (left side FIG. 11) and spline seal-entry opening
184 (right side FIG. 11) are at, for example, second radial
position R2. As shown in FIG. 7, first radial position R1
is different than second radial position R2 of spline seal-
entry opening 184 in main sealing members 142. As
shown in FIG. 9, one of moving slots 176 (right side of
locking sealing member 212 as shown) cooperates to
retain spline seal 180 therein in an operating position
thereof with a respective stationary slot 174 of adjacent
main sealing member 142F (right side as shown). The
other moving slot 176 (left side of locking sealing member
212 as shown) cooperates to retain spline seal 180 there-
in in an operating position with a respective stationary
slot 174 of adjacent initiator sealing member 210.
[0053] Sealing assembly 140 may also include spline
seal 180 within seal slots 174, 176 of adjacent sealing
members 142, 210, 212. As noted, each spline seal 180
includes planar body 218 having a forward end 194 and
an opposing, aft end 195. As will be further described, at
least one of opposing ends 194, 195 is retained in one
of seal seats 196, 198, 200 in the relaxed state.

[0054] Each sealing member 142, 210, 212 may have
any circumferential extent desired, e.g., 5°, 10°, 15°, etc.
The number of sealing members 142, 210, 212 may de-
pend on a number of factors such as but not limited to:
the diameter of turbine 111, the diameter of a particular
blade stage 124 in which employed, the desired number
of sealing members, etc.

[0055] FIGS. 12-23 show embodiments of a method
of assembling sealing assembly 140 with a plurality of
sealing members configured to be located adjacent one
another between adjacent rotating blade stages 124
(FIG. 2) of turbine 111 (FIG. 2). For purposes of descrip-
tion of the assembly of sealing members into sealing as-
sembly 140, sealing members mounted first in the oper-
ative axial position are labeled "A", and a next-in-line
sealing member to be mounted is labeled "B". Similarly
named parts on each sealing member are also refer-
enced with an "A" designation or a "B" designation, e.g.,
forward axial ends 146A, 146B. For purposes of descrip-
tion, it is assumed assembly progresses counter-clock-
wise looking aft at turbine 111, see direction of assembly
arrow (DA) in FIGS. 9, 12, 13, 15, 16, and 19. It will be
recognized that assembly can proceed in the opposite
direction also.

[0056] FIG. 12 shows a perspective view of positioning
a first sealing member A in an inter-stage support struc-
ture 164 in an operative axial position of the plurality of
sealing members. The "operative axial position" is a po-
sition in inter-stage support structure 164 in which the
sealing member will remain during operation of turbine
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111. In certain embodiments, axial facing surfaces of re-
tention mechanism 166 of a sealing member and inter-
stage support structure 164 may be coplanar, or close
to coplanar, in the operative axial position, but this is not
necessary in all instances.

[0057] Embodiments of the disclosure may include just
assembling main sealing members 142 about inter-stage
support structure 164, e.g., where initiator sealing mem-
ber 210 is already in position. However, embodiments of
the disclosure may also include assembling sealing as-
sembly 140 (FIG. 3) by first positioning initiator sealing
member 210, then sequentially and repetitively position-
ing any required number of main sealing members 142,
and finally, positioning locking sealing member 212. In
FIG. 12, sealing member A first positioned in the opera-
tive axial position may be initiator sealing member 210
or a main sealing member 142. Where sealing member
A first positioned in inter-stage support structure 164 is
the actual first sealing member installed, it will be initiator
sealing member 210. Where sealing member A is first
positioned on inter-stage support structure 164 is post-
assembly of initiator sealing member 210 (not shown in
this case), it may be any main sealing member 142. That
is, one main sealing member 142 is positioned next to
initiator sealing member 210 (not shown in this case).
Then, each subsequent main sealing member 142 is po-
sitioned in the operative axial position next to a previous-
ly-mounted main sealing member 142, until only locking
sealing member 212 needs to be assembled.

[0058] Each sealing member 142, 210, 212 may be
positioned in the operative axial position by axially sliding
retention mechanism 166 and inter-stage support struc-
ture 166 together, e.g., male retention mechanism 166
into corresponding female opening in inter-stage support
structure 164. As shown in FIG. 12 and subsequentdraw-
ings, each sealing member 142, 210, 212 may be axially
retained in inter-stage support structure 164 using any
now known or later developed retention member 220,
such as but not limited to a retention pin in a slot in inter-
stage support structure 164 and seal base 162. As illus-
trated, sealing member A first positioned in the operative
axial position includes a stationary slot 174A defined in
first slash face 170A thereof (facing counterclockwise in
FIG. 9). First slash face 170A includes stationary slot
174A including spline seal-entry opening 182A defined
through forward axial end 146A of first axial sealing por-
tion 144A of sealing member A.

[0059] FIG. 13 shows second positioning sealing
member B in inter-stage support structure 164 in an axial
offsetposition from the operative axial position. The "axial
offset position" is a position that is only partially toward
the operative axial position of the plurality of sealing
members. Here, sealing member B is only partially in-
stalled in inter-stage support structure 164, and axial fac-
ing surfaces of retention mechanism 166 and inter-stage
support structure 164 are not close to coplanar. Sealing
member B includes moving slot 176 defined in second
slash face 172 thereof. As shown in FIGS. 6 and 8, mov-
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ing slot 176 includes second spline seal-entry opening
184 defined through forward axial end 146B (FIG. 13) of
second axial sealing portion 144B of sealing member B.
[0060] FIG. 14 shows enlarged perspective views
along view line 14 in FIG. 13 with sealing members in
the offset axial position. As shown in FIG. 13 and espe-
cially FIG. 14, seal slots 174, 176 are aligned for receipt
of spline seal 180 therein in the axially offset position of
sealing member B. More specifically, spline seal-entry
opening 184 of moving slot 176 is at second radial posi-
tion R2, butis axially forward of spline seal-entry opening
182A in sealing member A which is at first radial position
R1. The rest of moving slot 176B in slash face 172B in
sealing member B is radially aligned with stationary slot
174 in sealing member A. Hence, a spline seal 180 can
be slid into spline seal-entry opening 184 of moving slot
176 to move into spline seal-entry opening 182 in sealing
member A, despite the different radial positions of open-
ings 182, 184. Hence, the axial offset position is also
where a portion of moving slot 176 (in the being-mounted,
axially offset sealing member B) that is axially down-
stream from curved slot portion 186B thereof is circum-
ferentially aligned with spline seal-entry opening 182A of
stationary slot 174Ain the already mounted sealing mem-
ber A.

[0061] At this stage, a spline seal 180 may be inserted
into stationary and moving slots 174, 176. FIG. 15 shows
a perspective view of sealing members A, B in the axially
offset position and with a spline seal 180 starting to be
slid into slots 174, 176; and FIG. 16 shows a perspective
view of sealing members A, B with spline seal 180 slid
into slots 174, 176 as far as possible in the axially offset
position. FIG. 17 shows an enlarged perspective view
along view line 17 in FIG. 16, and FIG. 18 shows an
enlarged perspective view along view line 18 in FIG. 16.
Both FIGS. 17 and 18 show the interaction of spline seal
180 and seal slots 174, 176 of adjacent sealing members
A, B in the axially offset position.

[0062] As shown best in FIG. 17, spline seal 180 can
be slid into opening 184B of moving slot 176B, along
curved slot portion 186B and into opening 182A of sta-
tionary slot 174A. Thatis, spline seal 180 is slid into spline
seal-entry opening 184B of moving slot 176B and moves
into spline seal-entry opening 182A in sealing member
A, despite the different radial positions of openings 182A,
184B. As shown in FIGS. 16 and 18, as spline seal 180
slides into slots 174A, 176B, it can extend out of sealing
member B via spline seal passthrough opening 192B in
aft axial end 148B of sealing member B. That is, in the
axially offset position of sealing member B, spline seal
180 (aft end 195) extends through spline seal pass-
through opening 192B defined through aft axial end 148B
of axial sealing portion 144B. As noted, spline seal pass-
through opening 192B is radially aligned with stationary
slot 174A, allowing this positioning to occur. At the same
time, as spline seal 180 slides into slots 174A, 176B, it
slides through stationary slot 174A in sealing member A
until it abuts closed end 190A thereof. Spline seal pass-
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through opening 192B is radially aligned with stationary
slot 174A, and thus may prevent radially outward move-
ment of aft end 195 of spline seal 180 into seal seat 198A
in aft axial end 148A of sealing member A. When spline
seal 180 reaches closed end 190A of stationary slot
174A, sliding of spline seal 180 stops. That s, spline seal
180 isretained in closed end 190A of stationary slot 174A
in first slash face 170A at aft axial end 148B of axial seal-
ing portion 144A.

[0063] FIGS. 19-23 show perspective views after po-
sitioning sealing member B in inter-stage support struc-
ture 164 in the operative axial position of the plurality of
sealing members. The positioning may include moving
sealing member B further axially into inter-stage support
structure 164. As shown in FIG. 19, with sealing member
B in inter-stage support structure 164 in the operative
axial position of the plurality of sealing members, it can
be fixed in place by retention member 220. FIG. 20 shows
an enlarged perspective view of aft axial end 148A of first
sealing member A, but with sealing member B removed
from view; and FIG. 21 shows an enlarged perspective
view of forward axial end 146A of first sealing member
A, but with sealing member B removed from view. Sim-
ilarly, FIG. 22 shows an enlarged perspective view of aft
axial end 148B of second sealing member B, but with
sealing member A removed from view; and FIG. 23
shows an enlarged perspective view of forward axial end
146B of second sealing member B in the axial operative
axial position, but with sealing member A removed from
view.

[0064] As shown in the enlarged perspective view of
FIGS. 20-23, the positioning of sealing member B in inter-
stage support structure 164 in the operative axial position
of the plurality of sealing members adjusts the position
of spline seal 180 in moving slot 176B, and to a lesser
degree, stationary slot 174A. More particularly, the ad-
justment of spline seal 180 relative to spline seal slots
174A, 176B allows the spline seal to be retained in an
operating position of the spline seal in at least one spline
seal-retaining seat 196A, 198A, 200A in at least one
spline seal slot(s) 174A, 176B. For example, FIGS. 20
and 22 show an aftend 195in seal seat 198A in stationary
slot 174A and in seal seat 200B in moving slot 176B. As
shown best in FIG. 22, after sealing member B is slid to
the operative axial position, aft axial end 148B of axial
sealing portion 144B slides over aft end 195 of spline
seal 180, i.e., end 195 moves inwardly of aft axial end
146B out of spline seal passthrough opening 192. As this
occurs, as shown in FIG. 20, end 195 of spline seal 180
is also held in position in closed end 190A of stationary
slot 174A - spline seal 180 does not move despite sealing
member B moving axially rearward (in direction of arrow
WF) over it. As shown in FIG. 22, in the operative axial
position of sealing member B, after end 195 is no longer
restrained in spline seal passthrough opening 192. Cir-
cumferentially opposing seal seats 198A and 200B are
configured such that once aft end 195 of spline seal 180
passes out of passthrough opening 192B in moving slot
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176B, end 195 can move into seal seats 198A, 200B
upon exposure to centrifugal forces during operation of
turbine 100 to seal between opposing axial sealing por-
tions 144A, 144B. Axial removal of spline seal 180 from
aft axial ends 148A, 148B of sealing members A, B is
prevented by closed end 190A. Hence, in the operative
axial position and with application of centrifugal force,
end 195 of spline seal 180 moves into seal seat 200B in
aft axial end 148B of axial sealing portion 144B, and seal
seat 198A in aft axial end 148A of axial sealing portion
144A. In this position, spline seal 180 seals between ad-
jacent axial sealing portions 144A, 144B.

[0065] Onthe forward end of spline seal 180, as shown
in FIG. 23, after sealing member B is slid to the operative
axial position (see arrow WF), spline seal 180 slides in-
wardly along curved slot portion 186. Curved slot portion
186 is configured to be at least partially circumferentially
opposite seal seat 196A (FIG. 21) in forward axial end
146A of sealing member A. Consequently, as sealing
member B moves to the operative axial position, forward
end 194 of spline seal 180 slides inwardly along curved
slot portion 186B, and passes out of first spline seal-entry
opening 182A defined through forward axial end 146A
of axial sealing portion 144A. As shown in FIG. 21, for-
ward end 194 of spline seal 180 is then able to move into
seal seat 196A in stationary seal 174A, thus preventing
removal of spline seal 180 from forward axial ends 146A,
146B of sealing members A, B. As shown in FIG. 23,
forward end 194 of spline seal 180 may rest in curved
slot portion 186B of moving slot 176B, which is shaped
to allow end 194 to move into seal slot 196A (FIG. 21).
Hence, simultaneously with seal seats 198A, 200B freely
receiving aft end 195 of spline seal 180 and closed end
190A retaining spline seal 180, end 194 of spline seal
180 is retained in seat 196A in forward axial end 146A
of axial sealing portion 144A. Spline seal 180 is thus re-
tained from moving axially in either direction. Advanta-
geously, spline seal 180 has not been exposed to any
manipulation during its insertion or the positioning of seal
members A, B that would cause damage to spline seal
180 or any sealing member, or any adjacent structure.
[0066] Any form of lubricant may be applied to slots
174, 176 and/or spline seal 180 to ensure proper sliding
thereof. If spline seal 180 fails to slide into slots 174, 176
during the positioning of sealing member B, a tool (not
shown) such as a flathead screwdriver may be inserted
between slash faces 170, 172 to push spline seal 180
into the final position.

[0067] As noted, positioning of initiator sealing mem-
ber 210 may occur before positioning any main sealing
member 142. In this case, as shown in FIG. 12, the meth-
od may include positioning initiator sealing member 210
(sealing member A as shown in FIG. 12) in inter-stage
support structure 164 in an axial position commensurate
with the operative axial position of the plurality of sealing
members. As noted, initiator sealing member 210 is con-
figured to be positioned adjacent a first, main sealing
member 142 (sealingmember B in FIG. 12). As described
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relative to FIGS. 4, 9, 10 and 11, initiator sealing member
210 has stationary slots 174 on opposing slash faces
170, 172 thereof with spline seal-entry openings 182 in
forward axial end 146 of axially extending seal portion
144 thereof. Each of spline seal-entry openings 182 of
stationary slots 174 have the same radial position as one
of first radial position R1 (as shown in FIG. 10) and sec-
ond radial position R2.

[0068] As described relative to FIGS. 12-23, any
number of main sealing members 142 may be sequen-
tially positioned in inter-stage support structure 164 with
a respective spline seal 180. That is, the positioning of
sealing members 142 can be repeated as many times
as necessary to form sealing assembly 140, excepting
locking sealing member 212.

[0069] FIG. 24 shows a perspective view of positioning
locking sealing member 212. The positioning of locking
sealing member 212 occurs after a last one of main seal-
ing members 142F (see also FIG. 9)is positioned in inter-
stage support structure 164. That is, the positioning of
locking sealing member 212 occurs after the repeated
positioning of a number of main sealing members 142 to
assembly sealing assembly 140, except for locking seal-
ing member 212. FIG. 24 shows positioning locking seal-
ing member 212 in an axial offset position for insertion
of spline seals 180A and 180B, prior to positioning locking
sealing member 212 in inter-stage support structure 164
in an axial position commensurate with the operative ax-
ial position of the plurality of sealing members (see FIG.
9). As noted, locking sealing member 212 is configured
to be located between a last one of main sealing mem-
bers 142F and initiator sealing member 210. As noted,
locking sealing member 212 has moving slots 176 on
both opposing slash faces 170, 172 thereof. As shown
in FIG. 11, each of spline seal-entry openings 184 in for-
ward axial end 146 of axially extending seal portion 144
have the same radial position as the other one of first
radial position R1 and second radial position R2 (shown
in FIG. 11) in initiator sealing member 210. Here, since
initiator sealing member 210 has stationary slots 174
having first radial positions R1 (FIG. 10), each of spline
seal-entry openings 184 in forward axial end 146 of ax-
ially extending seal portion 144 have second radial po-
sition R2 (FIG. 11). In this manner, locking sealing mem-
ber 212 has its first slash face 170 having moving slot
176 that can mate with stationary slot 174 in first slash
face 170 of the last one of main sealing members 142F.
Its second slash face 172 having moving slot 176 can
mate with stationary slot 174 in second slash face 172
of initiator sealing member 210.

[0070] Once in the axially offset position between the
last one of main sealing members 142F and initiator seal-
ing member 210, a spline seal 180A, 180B can be insert-
ed into moving slots 176 of locking sealing member 212.
More particularly, spline seal 180A can be inserted into
moving slot 176 defined in second slash face 172 of lock-
ing sealing member 212 and in mating stationary slot 174
defined in first slash face 170 of the last one of main
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sealing members 142F. Similarly, spline seal 180B can
be inserted into moving slot 176 defined in first slash face
170 of locking sealing member 212 and mating stationary
slot 174 defined in second slash face 172 of initiator seal-
ing member 210.

[0071] Onceinserted, as shownin FIG. 9, locking seal-
ing member 212 may be positioned in inter-stage support
structure 164 into the operative axial position of the plu-
rality of sealing members. The positioning positions both
spline seals 180A, 180B into seal slot(s) 176 of locking
sealing member 212. In addition, the positioning retains
spline seals 180A, 180B in the operating position thereof
in at least one seal seat 196, 198, 200 in at least one of
the spline seal slots 174, 176, i.e., of locking sealing
member 212, last main sealing member 142F and/or in-
itiator sealing member 210. Thus, spline seals 180A,
180B are both retained in the operating position of the
spline seals in between adjacent sealing members, as
described relative to FIGS. 12-23. As shown in FIG. 9,
positioning of locking sealing member 212 completes the
rim of sealing assembly 140, and thus completes sealing
assembly 140.

[0072] It will be recognized that while main sealing
members 142 have been described herein as including
stationary slot 174 on first slash face 170, and moving
slot 176 on the opposing, second slash face 172, the slot
positions can be switched. That is, main sealing mem-
bers 142 would include stationary slot 174 on second
slash face 172 (facing clockwise in FIG. 9 rather than
counterclockwise as shown), and moving slot 176 on the
opposing, first slash face 170 (facing counterclockwise
in FIG. 9 rather than clockwise as shown). If this option
was employed, initiator sealing member 210 would in-
clude moving slots 176 on both slash faces 170, 172
thereof, and locking sealing member 212 would include
stationary slots 174 on both slash faces 170, 172 thereof,
to accommodate the switch.

[0073] Spline seal 180 can be removed from between
axial sealing portions 144A, 144B by reversing the de-
scribed process. Here, a tool may be employed to move
end 194 radially out of slot 196A such that end 194 can
slide through spline seal-entry opening 182A defined
through forward axial end 146A of first axial sealing por-
tion 144A of sealing member A. In addition, a tool may
be employed to move end 195 radially such that end 195
can slide through spline seal passthrough opening 192B
in aft axial end 146B of sealing member B. Once spline
seal ends 194, 195 are so positioned, axial sealing por-
tion 144B can be slid out of the axial operative position
over spline seal 180, and spline seal 180 can be slid out
of stationary slot 174 and moving slot 176. The process
can repeat for each sealing member.

[0074] Embodiments of the disclosure allow easy as-
sembly of the sealing assembly with proper positioning
of the spline seal, and without damaging the spline seal,
the sealing members or adjacent structure. The sealing
assembly does not require additional parts compared to
conventional systems, and does not require any other
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changes to the turbine, thus allowing application to both
new and older turbines.

[0075] The foregoing drawings show some of the
processing associated according to several embodi-
ments of this disclosure. In this regard, each drawing or
block within a flow diagram of the drawings represents a
process associated with embodiments of the method de-
scribed. It should also be noted that in some alternative
implementations, the acts noted in the drawings or blocks
may occur out of the order noted in the figure or, for ex-
ample, may in fact be executed substantially concurrently
or in the reverse order, depending upon the act involved.
Also, one of ordinary skill in the art will recognize that
additional blocks that describe the processing may be
added.

[0076] Approximating language, as used herein
throughout the specification and claims, may be applied
to modify any quantitative representation that could per-
missibly vary without resulting in a change in the basic
function to which it is related. Accordingly, a value mod-
ified by a term or terms, such as "about," "approximately"
and "substantially," are not to be limited to the precise
value specified. In at least some instances, the approx-
imating language may correspond to the precision of an
instrument for measuring the value. Here and throughout
the specification and claims, range limitations may be
combined and/or interchanged; such ranges are identi-
fied and include all the sub-ranges contained therein un-
less context or language indicates otherwise. "Approxi-
mately," as applied to a particular value of a range, ap-
plies toboth end values and, unless otherwise dependent
on the precision of the instrument measuring the value,
may indicate +/- 10% of the stated value(s).

[0077] The corresponding structures, materials, acts,
and equivalents of all means or step plus function ele-
ments in the claims below are intended to include any
structure, material, or act for performing the function in
combination with other claimed elements as specifically
claimed. The description of the present disclosure has
been presented for purposes of illustration and descrip-
tion but is not intended to be exhaustive or limited to the
disclosure in the form disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the dis-
closure. The embodiment was chosen and described in
order to best explain the principles of the disclosure and
the practical application and to enable others of ordinary
skill in the art to understand the disclosure for various
embodiments with various modifications as are suited to
the particular use contemplated.

Claims

1. A sealing members (142, 210, 212) for a sealing as-
sembly (140) including a plurality of sealing mem-
bers (142, 210, 212) configured to be located adja-
centone another between rotating blade stage (124)
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adjacentrotating blade stage (124) of a turbine (111),
wherein the sealing members (142, 210, 212) com-
prises:

a seal base (162) including a securing mecha-
nism (166) operative to secure to an inter-stage
support structure (164);

an axially extending sealing portion (144) cou-
pled to the seal base (162), the axially extending
sealing portion (144) having a first axial end
(146) and an opposing, second axial end (148),
and a first slash face (170, 172,) and an oppos-
ing second slash face (170, 172,), wherein each
slash face (170, 172,) extends between the first
axial end (146) and the opposing, second axial
end (148);

afirst spline seals (180A, 180B) seal slots (174,
176,) defined in the first slash face (170, 172),
the first spline seals (180A, 180B) seal slots
(174, 176) including a first spline seals (180A,
180B) spline seal-entry opening (182A) defined
through the first axial end (146) of the axially
extending sealing portion (144); and

a spline seals (180A, 180B) second spline seal
slot (184) defined in the second slash face (170,
172,), the spline seals (180A, 180B) second
spline seal slot (184) including a second spline
seals-entry opening (184) defined through the
first axial end (146) of the axially extending seal-
ing portion (144),

wherein the first spline seals-entry opening
(182) is at a first radial position that is different
than a second radial position of the second
spline seals-entry opening (184), and

wherein the first spline seals slots (182) and the
second spline seal slot (184) of sealing mem-
bers (142, 210, 212) adjacent sealing members
cooperate to retain a spline seals (180A, 180B)
therein in an operating position thereof.

The sealing members (142, 210, 212) of claim 1,
wherein the first spline seals (180A, 180B) seal slots
(174, 176) in the first slash face (170, 172) includes
aclosed end (194, 195) at the second axial end (148)
of the axially extending sealing portion (144).

The sealing members (142, 210, 212) of claim 1,
wherein the spline seals (180A, 180B) second spline
seal slot (174, 196A) in the second slash face (170,
172)includes aspline seals (180) passthrough open-
ing (192) defined through the second axial end (148)
of the axially extending sealing portion (144), where-
in the spline seals (180A, 180B) passthrough open-
ing (192) is radially aligned with the first spline seals
(180A, 180B) slots (174, 176) defined in the first
slash face (170, 172).

The sealing members (142, 210, 212) of claim 1,
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wherein the first spline seals (180A, 180B) seal slots
(174, 176) in the first slash face (170, 172) includes
a first spline seals (180A, 180B) end (194, 195)-re-
taining seat (196A) in the first axial end (146) of the
axially extending sealing portion(144), and a second
spline seals (180A, 180B) end (194, 195)-retaining
seat (196A) in the second axial end (148) of the ax-
ially extending sealing portion (144), wherein the first
axial opening (182A, 184B) is contiguous with the
first spline seals (180A, 180B) end (194, 195)-retain-
ing seat (196A), and

wherein the spline seals (180A, 180B) second spline
seal (184) slot (174, 176) in the second slash face
(170, 172) includes a third spline seals (180A, 180B)
end (194, 195)-retaining seat (196A) in the second
axial end (148) of the axially extending sealing por-
tion.

A sealing assembly (140), comprising:

a plurality of first sealing members (142, 210,
212) configured to be located adjacent one an-
other between rotating blade stage (124) adja-
centrotating blade stage (124) in a turbine (100,
111), wherein each first sealing members (142,
210, 212) includes:

a first seal base (162) including a first se-
curing mechanism (166) operative to se-
cure the sealing members (142, 210, 212)
to an inter-stage support structure (164);
afirstaxially extending sealing portion (144)
coupled to the first seal base (162), the first
axially extending sealing portion (144) hav-
ing a first axial end (146) and an opposing,
second axial end (148), and afirstslash face
(170, 172) and an opposing second slash
face (170, 172), wherein each slash face
(170, 172) extends between the first axial
end (146) and the opposing, second axial
end (148);

a first spline seals (180A, 180B) seal slots
(174, 176) defined in the first slash face
(170, 172), the first spline seals (180A,
180B) seal slots (174, 176) including a first
spline seals-entry opening (182A, 184B)
defined through the first axial end (146) of
the first axially extending sealing portion
(144); and

a spline seals (180A, 180B) second spline
seal slot (174, 196A) defined in the second
slash face (170, 172), the spline seals
(180A, 180B) second spline seal slot (174,
196A) including a second spline seals-entry
opening (182A, 184B) defined through the
first axial end (146), of the first axially ex-
tending sealing portion (144),

wherein the first spline seals-entry opening
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(182A, 184B) is at a first radial position that
is different than a second radial position of
the second spline seals-entry opening
(182A, 184B), and

wherein the first spline seals (180A, 180B)
seal slots (174, 176) and the spline seals
second spline seal slot (174, 196A) of seal-
ingmembers (142,210, 212) adjacent seal-
ing member (142, 210, 212) cooperate to
retain a spline seals (180A, 180B) therein
in an operating position.

The sealing assembly (140) of claim 5, wherein the
first spline seals slots (174, 176) in the first slash
face (170, 172) includes a closed end (194, 195) at
the second axial end (148), of the axially extending
sealing portion (144).

The sealing assembly (140) of claim 5, wherein the
spline seals (180A, 180B) second spline seal slot
(174, 196A) in the second slash face (170,172) in-
cludes a spline seals (180A, 180B) passthrough
opening (192) defined through the second axial end
(148) of the axially extending sealing portion, where-
in the spline seals (180A, 180B) passthrough open-
ing (192)opening is radially aligned with the first
spline seals (180A, 180B) seal slots (174, 176) de-
fined in the first slash face (170, 172).

The sealing assembly (140) of claim 5, wherein the
first spline seals (180A, 180B) seal slots (174, 176)
in the first slash face (170, 172) includes afirst spline
seals (180A, 180B) end (194, 195)-retaining seat
(196A) in the first axial end (146) of the first axially
extending sealing portion, and a second spline seals
(180A, 180B) end (194, 195)-retaining seat (196A)
in the second axial end (148) of the first axially ex-
tending sealing portion (144), wherein the first axial
opening (182A, 184B) is contiguous with the first
spline seals (180A, 180B) end (194, 195)-retaining
seat (196A).

The sealing assembly (140) of claim 8, wherein the
spline seals (180A, 180B) second spline seal slots
(174,176) in the second slash face (170, 172) in-
cludes a third spline seals (180A, 180B) end (194,
195)-retaining seat (196A) in the second axial end
(148) of the first axially extending sealing portion
(144).

The sealing assembly (140) of claim 9, wherein the
second spline seals (180A, 180B)) seal-entry open-
ing (182A, 184B)in the second slash face (170, 172)
couples to a remainder of the spline seals (180A,
180B) second spline seal (180A, 180B) slot (174,
196A) defined in the second slash face (170, 172)
by a slot (174, 196A) curved slot portion (186) con-
tiguous curved slot portion (186B) defined in the sec-
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ond slash face (170, 172).

The sealing assembly (140) of claim 10, wherein the
curved slot portion (186) contiguous curved slot por-
tion (186B) is circumferentially aligned with the third
spline seals (180A, 180B) end (194, 195)-retaining
seat (196A) in the second axial end (148) of the first
axially extending sealing portion (144).

The sealing assembly (140) of claim 8, further com-
prising a spline seals (180A, 180B) within spline
seals (180A, 180B) seal slots (174, 176) of sealing
members (142, 210, 212) adjacent sealing member
(142, 210, 212), each spline seals (180A, 180B) in-
cluding a planar body (218) having opposing ends
(194, 195) angled relative to the planar body (218)
in arelaxed state, wherein at least one of the oppos-
ing ends (194, 195) is retained in one of the spline
seals (180A, 180B) end (194, 195)-retaining seats
in the relaxed state.

The sealing assembly (140) of claim 12, wherein the
first spline seals-entry opening (182A, 184B) in the
first slash face (170, 172) couples in a linearly con-
tiguous manner with a remainder of the first spline
seals (180A, 180B) slots (174, 176) defined in the
first slash face (170, 172).

The sealing assembly (140) of claim 5, further com-
prising:

a second sealing members (142, 210, 212) con-
figured to be located adjacent one of the first
sealing members (142, 210, 212), the second
sealing members (142, 210, 212) including:

a second seal base (162) including a sec-
ond securing mechanism (166) operative to
secure to the inter-stage support structure
(164);

a second axially extending sealing portion
(144) coupled to the second seal base
(162), the second axially extending sealing
portion (144) having a third axial end (194,
195) and an opposing, fourth axial end (194,
195), and a third slash face (170, 172) and
an opposing fourth slash face (170, 172),
wherein each of the third and fourth slash
faces (170, 172) extends between the third
axial end (194, 195) and the opposing,
fourth axial end (194, 195); and

a third spline seals (180A, 180B) seal slots
(174, 176) defined in the third slash face
(170, 172), the third spline seals (180A,
180B) seal slots (174, 176) including a third
spline seals (180A, 180B) seal-entry open-
ing (182A, 184B) defined through the third
axial end (194, 195) of the second axially
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extending sealing portion (144);

afourth spline seals (180A, 180B) seal slots
(174, 176) defined in the fourth slash face
(170, 172), the fourth spline seals (180A,
180B) seal slots (174, 176) including a
fourth spline seals (180A, 180B) seal-entry
opening (182A, 184B) defined through the
third axial end (194, 195) of the second ax-
ially extending sealing portion (144),
wherein the third spline seals (180A, 180B)
seal-entry opening (182A, 184B) and the
fourth spline seals (180A, 180B)seal-entry
opening (182A, 184B) are at the first radial
position that is different than the second ra-
dial position of the second spline seals
(180A, 180B) seal-entry opening (182A,
184B), and

wherein one of the third spline seals (180A,
180B) seal slots (174, 176) and the fourth
spline seals (180A, 180B) seal slots (174,
176) cooperates to retain a spline seals
(180A, 180B) therein in an operating posi-
tion with a spline seals (180A, 180B) re-
spective spline seal (180A, 180B) slot (174,
196A) of the adjacent first sealing members
(142, 210, 212).

15. The sealing assembly (140) of claim 14, further com-
prising:

a third sealing members (142, 210, 212) config-
ured to be located between one of the first seal-
ing members (142, 210, 212) and the second
sealing members (142, 210, 212), the third seal-
ing members (142, 210, 212) including:

a third seal base (162) including a third se-
curing mechanism (166) operative to se-
cure to the inter-stage support structure
(164);

a third axially extending sealing portion cou-
pled to the third seal base (162), the third
axially extending sealing portion having a
fifth axial end (194, 195) and an opposing,
sixth axial end (194, 195), and a fifth slash
face (170, 172) and an opposing sixth slash
face (170, 172), wherein each of the fifth
and sixth slash faces (170, 172) extends be-
tween the fifth axial end (194, 195) and the
opposing, sixth axial end (194, 195); and
a fifth spline seals (180A, 180B) seal slots
(174, 176) defined in the fifth slash face
(170, 172), the fifth spline seals (180A,
180B) seal slots (174, 176) including a fifth
spline seal-entry opening (182A, 184B) de-
fined through the fifth axial end (194, 195)
of the third axially extending sealing portion;
a sixth spline seals (180A, 180B) seal slots
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(174, 176) defined in the sixth slash face
(170, 172), the sixth spline seals (180A,
180B) seal slots (174, 176) including a sixth
spline seal-entry opening (182A, 184B) de-
fined through the sixth axial end (194, 195)
of the third axially extending sealing portion
(144),

wherein the fifth spline seals-entry opening
(182A, 184B) and the sixth spline seals-en-
try opening (182A, 184B) are at the second
radial position of the second spline seals-
entry opening (182A, 184B), and

wherein one of the fifth spline seals (180A,
180B) seal slots (174, 176) and the sixth
spline seals (180A, 180B) cooperates to re-
tain a spline seals (180A, 180B) therein in
an operating position with a spline seals
(180A, 180B) respective spline seal slot
(174, 196A) of the adjacent first sealing
members (142, 210, 212).
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