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(54) GUIDED NON-CONTACT SEAL ASSEMBLY

(57) An outer seal structure for a rotor assembly in-
cludes a stator structure (24) and a non-contact seal as-
sembly (40). The non-contact seal assembly (40) is fixed
relative to the stator structure (24) and includes a plurality
of seal shoes (54), a seal base (52), a plurality of spring
elements (56), and a shoe support plate (150). The plu-
rality of seal shoes (54) are arranged about an axis (22)
in an annular array. The seal base (52) circumscribes
the annular array of the plurality of seal shoes (54). Each

of the plurality of spring elements (56) extend radially
between a respective seal shoe (54) of the plurality of
seal shoes (54) and the seal base (52). The shoe support
plate (150) is arranged about the axis (22) and mounted
to the stator structure (24) and includes a plurality of shoe
support tabs (160) extending axially from the shoe sup-
port plate (150). Each shoe support tab (160) of the plu-
rality of shoe support tabs (160) is disposed between
each seal shoe (54).
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Description

[0001] This invention was made with Government sup-
port under FA8626-16-C-2139 awarded by the United
States Air Force. The Government has certain rights in
this invention.

BACKGROUND

1. Technical Field

[0002] This disclosure relates generally to rotational
equipment and, more particularly, to a non-contact seal
assembly for rotational equipment.

2. Background Information

[0003] Rotational equipment typically includes one or
more seal assemblies for sealing gaps between rotors
and stators. A typical seal assembly includes a seal el-
ement such as a knife edge seal that is positioned relative
to a seal land. However, such seal assemblies may be
susceptible to leakage between the seal element and the
seal land as a result of asymmetric deflection between
the associated rotor and stator. Non-contact seals have
been developed in an effort to accommodate such asym-
metric deflection. However, such non-contact seals may
be susceptible to clearance variations between the seal
and the rotor, thereby reducing sealing effectiveness.
Further, seal components may be vulnerable to buckling
as a result of circumferential loads exerted on the seals
(e.g., from rotor contact, windage, etc.). Accordingly,
there is still room for improvement to provide an improved
non-contact seal.

SUMMARY

[0004] According to an aspect of the present disclo-
sure, an outer seal structure for a rotor assembly includes
a stator structure and a non-contact seal assembly. The
non-contact seal assembly is fixed relative to the stator
structure. The non-contact seal assembly includes a plu-
rality of seal shoes, a seal base, a plurality of spring el-
ements, and a shoe support plate. The plurality of seal
shoes are arranged about an axis in an annular array.
The seal base circumscribes the annular array of the plu-
rality of seal shoes. Each of the plurality of spring ele-
ments extend radially between a respective seal shoe of
the plurality of seal shoes and the seal base. The shoe
support plate is arranged about the axis and mounted to
the stator structure. The shoe support plate includes a
plurality of shoe support tabs extending axially from the
shoe support plate. Each shoe support tab of the plurality
of shoe support tabs is disposed between each adjacent
pair of seal shoes of the plurality of seal shoes.
[0005] In the alternative or additionally thereto, in the
foregoing aspect, the plurality of seal shoes includes a
plurality of shoe support slots configured to receive the

plurality of shoe support tabs.
[0006] In the alternative or additionally thereto, in the
foregoing aspect, each shoe support slot of the plurality
of shoe support slots is disposed between a first circum-
ferential side of a first seal shoe of the plurality of seal
shoes and a second circumferential side of a second seal
shoe, adjacent the first seal shoe, of the plurality of seal
shoes.
[0007] In the alternative or additionally thereto, in the
foregoing aspect, the shoe support plate includes a plu-
rality of recesses corresponding to the plurality of seal
shoes.
[0008] In the alternative or additionally thereto, in the
foregoing aspect, each recess of the plurality of recesses
has a substantially scalloped shape.
[0009] In the alternative or additionally thereto, in the
foregoing aspect, the stator structure further includes a
seal carrier. The shoe support plate is mounted to the
seal carrier of the stator structure.
[0010] In the alternative or additionally thereto, in the
foregoing aspect, the seal carrier includes a seal carrier
surface and the shoe support plate is mounted to the seal
carrier by a press-fit connection between the shoe sup-
port plate and the seal carrier surface.
[0011] In the alternative or additionally thereto, in the
foregoing aspect, the plurality of shoe support tabs of the
shoe support plate are configured to support the plurality
of seal shoes in at least one of a radial and a circumfer-
ential direction.
[0012] In the alternative or additionally thereto, in the
foregoing aspect, the outer seal structure further includes
a ring structure axially engaged with the seal base and
one or more secondary seal devices mounted with the
ring structure and configured to substantially seal an an-
nular gap between the ring structure and the plurality of
seal shoes.
[0013] In the alternative or additionally thereto, in the
foregoing aspect, each spring element of the plurality of
spring elements includes a first mount connected to the
respective seal shoe of the plurality of seal shoes and a
second mount connected to the seal base.
[0014] In the alternative or additionally thereto, in the
foregoing aspect, each spring element of the plurality of
spring elements further includes one or more spring
beams extending from the first mount to the second
mount.
[0015] According to another aspect of the present dis-
closure, an outer seal structure for a rotor assembly in-
cludes a stator structure and a non-contact seal assem-
bly. The non-contact seal assembly is fixed relative to
the stator structure. The non-contact seal assembly in-
cludes a plurality of seal shoes, a seal base, a plurality
of spring elements, and a shoe support plate. The plu-
rality of seal shoes are arranged about an axis in an an-
nular array. The plurality of seal shoes include a plurality
of shoe support slots. Each shoe support slot of the plu-
rality of shoe support slots is disposed between a first
circumferential side of a first seal shoe of the plurality of
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seal shoes an da second circumferential side of a second
seal shoe, adjacent the first seal shoe, of the plurality of
seal shoes. The seal base circumscribes the annular ar-
ray of the plurality of seal shoes. Each of the plurality of
spring elements extends radially between a respective
seal shoe of the plurality of seal shoes and the seal base.
The shoe support plate is arranged about the axis and
mounted to the stator structure. The shoe support plate
includes a plurality of shoe support tabs extending axially
from the shoe support plate. Each shoe support tab of
the plurality of shoe support tabs is disposed within each
shoe support slot of the plurality of shoe support slots.
[0016] In the alternative or additionally thereto, in the
foregoing aspect, the shoe support plate includes a plu-
rality of recesses corresponding to the plurality of seal
shoes.
[0017] In the alternative or additionally thereto, in the
foregoing aspect, each recess of the plurality of recesses
has a substantially scalloped shape.
[0018] In the alternative or additionally thereto, in the
foregoing aspect, the stator structure further includes a
seal carrier. The shoe support plate is mounted to the
seal carrier of the stator structure.
[0019] In the alternative or additionally thereto, in the
foregoing aspect, the plurality of shoe supports tabs of
the shoe support plate are configured to support the plu-
rality of seal shoes in at least one of a radial and a cir-
cumferential direction.
[0020] According to another aspect of the present dis-
closure, an outer seal structure for a rotor assembly in-
cludes a stator structure and a non-contact seal assem-
bly. The non-contact seal assembly is fixed relative to
the stator structure. The non-contact seal assembly in-
cludes a plurality of seal shoes, a seal base, a plurality
of spring elements, and a shoe support plate. The plu-
rality of seal shoes are arranged about an axis in an an-
nular array. The seal base circumscribes the annular ar-
ray of the plurality of seal shoes. Each spring element of
the plurality of spring elements extends radially between
a respective seal shoe of the plurality of seal shoes and
the seal base. The shoe support plate is arranged about
the axis and mounted to the stator structure. The shoe
support plate includes a plurality of shoe support tabs
extending axially from the shoe support plate. Each shoe
support tab of the plurality of shoe support tabs is dis-
posed between each adjacent pair of seal shoes of the
plurality of seal shoes. The plurality of shoe support tabs
of the shoe support plate are configured to support the
plurality of seal shoes in at least one of a radial and a
circumferential direction.
[0021] In the alternative or additionally thereto, in the
foregoing aspect, the plurality of seal shoes includes a
plurality of shoe support slots configured to receive the
plurality of shoe support tabs.
[0022] In the alternative or additionally thereto, in the
foregoing aspect, each shoe support slot of the plurality
of shoe support slots is disposed between a first circum-
ferential side of a first seal shoe of the plurality of seal

shoes and a second circumferential side of a second seal
shoe, adjacent the first seal shoe, of the plurality of seal
shoes.
[0023] In the alternative or additionally thereto, in the
foregoing aspect, the shoe support plate includes a plu-
rality of recesses corresponding to the plurality of seal
shoes.
[0024] The present disclosure, and all its aspects, em-
bodiments and advantages associated therewith will be-
come more readily apparent in view of the detailed de-
scription provided below, including the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

FIG. 1 is a top-half, side-section illustration of an as-
sembly for an item of rotational equipment with a
rotational axis.

FIG. 2 is a top-half, side-sectional illustration of a
primary seal device.

FIG. 3 is a cutaway, perspective illustration of an
exemplary primary seal device.

FIG. 4 is a partial, exploded illustration of the primary
seal device of FIG. 3.

FIG. 5 is a partial, cutaway illustration of the primary
seal device of FIG. 3.

FIG. 6 is a partial, cross-sectional illustration of the
primary seal device of FIG. 3.

DETAILED DESCRIPTION

[0026] It is noted that various connections are set forth
between elements in the following description and in the
drawings. It is noted that these connections are general
and, unless specified otherwise, may be direct or indirect
and that this specification is not intended to be limiting in
this respect. A coupling between two or more entities
may refer to a direct connection or an indirect connection.
An indirect connection may incorporate one or more in-
tervening entities. It is further noted that various method
or process steps for embodiments of the present disclo-
sure are described in the following description and draw-
ings. The description may present the method and/or
process steps as a particular sequence. However, to the
extent that the method or process does not rely on the
particular order of steps set forth herein, the method or
process should not be limited to the particular sequence
of steps described. As one of ordinary skill in the art would
appreciate, other sequences of steps may be possible.
Therefore, the particular order of the steps set forth in
the description should not be construed as a limitation.
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[0027] FIG. 1 illustrates an assembly 20 for an item of
rotational equipment with a rotational axis 22. An exam-
ple of such an item of rotational equipment is a gas turbine
engine for an aircraft propulsion system. However, the
assembly 20 of the present disclosure is not limited to
such an aircraft or gas turbine engine application. The
assembly 20, for example, may alternatively be config-
ured with rotational equipment such as an industrial gas
turbine engine, a wind turbine, a water turbine, or any
other apparatus in which a seal is provided between a
stator structure and a rotor structure.
[0028] The assembly 20 of FIG. 1 includes a stator
structure 24, a rotor structure 26, and a seal assembly
28, which is fixed relative to the stator structure 24. This
seal assembly 28 is mounted with the stator structure 24
and configured to substantially seal an annular gap 30
between the stator structure 24 and the rotor structure
26 as described below in further detail.
[0029] The stator structure 24 includes a seal carrier
32. This seal carrier 32 may be a discrete, unitary annular
body. Alternatively, the seal carrier 32 may be configured
with another component/portion of the stator structure
24. The seal carrier 32 has an inner radial seal carrier
surface 34. This seal carrier surface 34 may be substan-
tially cylindrical and extends circumferentially around and
faces towards the rotational axis 22. The seal carrier sur-
face 34 at least partially forms a bore in the stator struc-
ture 24. This bore is sized to receive the seal assembly
28, which may be fixedly attached to the seal carrier 32
by, for example, a press fit connection between the seal
assembly 28 and the seal carrier surface 34. The seal
assembly 28, of course, may also or alternatively be fix-
edly attached to the seal carrier 32 using one or more
other techniques/devices.
[0030] The rotor structure 26 includes a seal land 36.
This seal land 36 may be a discrete, unitary annular body.
Alternatively, the seal land 36 may be configured with
another component/portion of the rotor structure 26. The
seal land 36 has an outer radial seal land surface 38.
This seal land surface 38 may be substantially cylindrical
and extends circumferentially around and faces away
from the rotational axis 22. The seal land surface 38 is
disposed to face towards and is radially aligned with the
seal carrier surface 34. While FIG. 1 illustrates the sur-
faces 34 and 38 with approximately equal axial lengths
along the rotational axis 22, the axial length of the seal
land surface 38 may alternatively be longer or shorter
than the seal carrier surface 34 in other embodiments.
[0031] The seal assembly 28 includes a primary seal
device 40 and one or more secondary seal devices 42
(e.g., 1, 2, 3, or more secondary seal devices 42). The
seal assembly 28 also includes one or more additional
components for positioning, supporting, and/or mounting
one or more of the seal devices with the stator structure
24. The seal assembly 28 of FIG. 1, for example, includes
a first ring structure 44 configured for positioning, sup-
porting, and/or mounting the secondary seal devices 42
relative to the primary seal device 40. This first ring struc-

ture 44 may also be configured for axially positioning
and/or supporting a second end surface 46 of the primary
seal device 40 relative to the stator structure 24. As de-
scribed below in further detail, the seal assembly 28 of
FIG. 1 also includes a shoe support plate 150 configured
for positioning and/or supporting the primary seal device
40 relative to the stator structure 24.
[0032] Referring to FIG. 3, the primary seal device 40
is configured as an annular non-contact seal device and,
more particularly, a hydrostatic non-contact seal device.
An example of such a hydrostatic non-contact seal device
is a HALO™ type seal; however, the primary seal device
40 of the present disclosure is not limited to the foregoing
exemplary hydrostatic non-contact seal device.
[0033] Referring to FIGS. 1, 2, and 5, the primary seal
device 40 includes a seal base 52, a plurality of seal
shoes 54, and a plurality of spring elements 56. The seal
base 52 is configured as an annular full hoop body, which
extends circumferentially around the rotational axis 22.
The seal base 52 is configured to circumscribe the plu-
rality of seal shoes 54 as well as the plurality of spring
elements 56. The seal base 52 extends axially along the
rotational axis 22 between and joins the second end sur-
face 46 and a first end surface 50 of the primary seal
device 40. The seal base 52 extends radially between
an inner radial base side 58 and an outer radial base side
60. The outer radial base side 60 radially engages (e.g.,
is press fit against) the stator structure 24 and, more par-
ticularly, the seal carrier surface 34 (see FIG. 1).
[0034] Referring to FIG. 3, the plurality of seal shoes
54 are configured as arcuate bodies arranged circumfer-
entially about the rotational axis 22 in an annular array.
This annular array of the seal shoes 54 extends circum-
ferentially around the rotational axis 22, thereby forming
an inner bore at an inner radial side 62 of the primary
seal device 40. As best seen in FIG. 1, the inner bore is
sized to receive the seal land 36, where the rotor structure
projects axially through (or into) the inner bore formed
by the plurality of seal shoes 54.
[0035] Referring to FIGS. 1 and 2, each of the seal
shoes 54 extends radially from the inner radial side 62
of the primary seal device 40 to an outer radial surface
64 of that seal shoe 54. Each of the seal shoes 54 extends
circumferentially around the rotational axis 22 between
opposing first and second circumferential sides 66, 68 of
that seal shoe 54.
[0036] Each of the seal shoes 54 extends axially along
the rotational axis 22 between a first shoe end 70 and a
second shoe end 72. The first shoe end 70 may be axially
offset from and project axially away from the first end
surface 50. The second shoe end 72 may be axially offset
from and project axially away from the second end sur-
face 46. The plurality of seal shoes 54 of the present
disclosure, however, are not limited to such exemplary
relationships.
[0037] Each of the seal shoes 54 includes end surfaces
74 generally at (e.g., on, adjacent, or proximate) the sec-
ond shoe end 72. In the array (see FIG. 3), these end
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surfaces 74 collectively form a generally annular (but cir-
cumferentially segmented) end surface 76 configured for
sealingly engaging with the secondary seal devices 42
(see FIG. 1). The plurality of seal shoes 54 of the present
disclosure, however, are not limited to the foregoing ex-
emplary configuration.
[0038] Referring to FIGS. 1-3 and 5, each of the seal
shoes 54 includes one or more arcuate protrusions 78,
which collectively form one or more (e.g., a plurality of
axially spaced) generally annular (e.g., circumferentially
segmented) ribs 80 at the inner radial side 62. Distal inner
radial ends of one or more of these ribs 80 are configured
to be arranged in close proximity with (but not touch) and
thereby sealingly engage the seal land surface 38 in a
non-contact manner (see FIG. 1), where the rotor struc-
ture 26 projects axially through (or into) the inner bore
formed by the plurality of seal shoes 54. The ribs 80 there-
fore are configured, generally speaking, as non-contact
knife edge seal elements.
[0039] Referring to FIG. 3, the plurality of spring ele-
ments 56 are arranged circumferentially, in segments,
about the rotational axis 22 in an annular array. Referring
again to FIGS. 2 and 5, the plurality of spring elements
56 are also arranged radially between the plurality of seal
shoes 54 and the seal base 52. Each of the spring ele-
ments 56 is configured to connect a respective one of
the seal shoes 54 with the seal base 52.
[0040] The plurality of spring element 56 shown in FIG.
5 includes first and second mounts 82, 84 (e.g., generally
radial fingers/projections) and one or more spring beams
86 (e.g., cantilever-leaf springs). The first mount 82 is
connected to a respective one of the seal shoes 54 at
(e.g., on, adjacent, or proximate) the first circumferential
side 66, where the opposing second circumferential side
68 of that seal shoe 54 is free floating. The second mount
84 is connected to the seal base 52 and is generally cir-
cumferentially aligned with or near the second circum-
ferential side 68.
[0041] The one or more spring beams 86 are radially
stacked and spaced apart with one another. Each of
these spring beams 86 extends laterally (e.g., tangen-
tially or circumferentially relative to the rotational axis 22)
between and is connected to the first mount 82 and the
second mount 84. The one or more spring beams 86 may
thereby laterally overlap a major circumferential portion
(e.g., ~65-95%) of the respective seal shoe 54. The one
or more spring beams 86 of the present disclosure, how-
ever, are not limited to the foregoing exemplary config-
uration or values.
[0042] Referring to FIGS. 2 and 4-6, the shoe support
plate 150 may be configured as an annular full hoop body,
which is mounted to the stator structure 24, for example
the seal carrier 32, and extends circumferentially around
the rotational axis 22. In some embodiments, the shoe
support plate 150 may consist of a plurality of segments
extending circumferentially about the rotational axis 22
in an annular array. The shoe support plate 150 includes
a first support surface 152 and a second support surface

154 opposite the first support surface 152. The shoe sup-
port plate 150 also includes a first support end 156 and
a second support end 158 opposite the first support end
156. The first support end 156 of the shoe support plate
150 radially engages (e.g., is press fit against) the stator
structure 24 and, for example, the first support end 156
of the shoe support plate may be press fit against the
seal carrier surface 34 of the seal carrier 32. The shoe
support plate, of course, may also or alternatively be fix-
edly attached to the seal carrier 32 using one or more
other techniques/devices. The first support surface 152
of the shoe support plate 150 abuts the first shoe end 70
of the plurality of seal shoes 54.
[0043] The shoe support plate 150 further includes a
plurality of shoe support tabs 160 extending axially from
the first support surface 152 of the shoe support plate
150. Each shoe support tab of the plurality of shoe sup-
port tabs 160 is disposed between each adjacent pair of
seal shoes of the plurality of seal shoes 54. Each of the
plurality of shoe support tabs 160 contacts at least one
of the adjacent seal shoes of the plurality of seal shoes
54 thereby supporting the plurality of seal shoes 54 by,
for example, extending structural support from the seal
carrier 32 to the plurality of seal shoes 54. The plurality
of shoe support tabs 160 may provide radial sup-
port/guidance of the plurality of seal shoes 54 during seal-
ing operations by, for example, minimizing imbalance or
rocking of the plurality of seal shoes 54 from the first
circumferential side 66 to the second circumferential side
68. The plurality of shoe support tabs 160 may also pro-
vide circumferential support of the plurality of seal shoes
54, to reduce the likelihood of buckling in the spring
beams 86. The plurality of seal shoes 54 may include a
plurality of shoe support slots 162 configured to receive
the respective plurality of shoe support tabs 160. Each
shoe support slot of the plurality of shoe support slots
162 may be disposed, for example, between the first cir-
cumferential side 66 of a first seal shoe of the plurality of
seal shoes 54 and the second circumferential side 68 of
a second, adjacent, seal shoe of the plurality of seal
shoes 54.
[0044] Referring to FIGS. 4 and 5, the shoe support
plate 150 includes a plurality of recesses 164 corre-
sponding to the respective plurality of seal shoes 54.
Each recess of the plurality of recesses 164 may be gen-
erally scalloped in shape or may be alternatively shaped
as appropriate to permit fluid flow into the plurality of shoe
seals 54 in the axial direction.
[0045] Referring to FIG. 1, during operation of the pri-
mary seal device 40, rotation of the rotor structure 26
may develop aerodynamic forces and apply a fluid pres-
sure to the plurality of seal shoes 54 causing each seal
shoe 54 to respectively move radially relative to the seal
land surface 38 with seal shoe 54 deflection guided by
the seal support plate 150 (e.g., motion of the first and
second circumferential sides 66, 68 of the seal shoe 54
with respect to one another). The fluid velocity may in-
crease as a gap between the seal shoe 54 and seal land
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surface 38 increases, thus reducing pressure in the gap
and drawing the seal shoe 54 radially inwardly toward
the seal land surface 38. As the gap closes, the velocity
may decrease, and the pressure may increase within the
gap, thus forcing the seal shoe 54 radially outwardly from
the seal land surface 38. The respective spring element
56 may deflect and move with the seal shoe 54 to create
a primary seal of the gap between the seal land surface
38 and ribs 80 within predetermined design tolerances.
[0046] While the primary seal device 40 is operable to
generally seal the annular gap 30 between the stator
structure 24 and the rotor structure 26 as described
above, fluid (e.g., gas) may still flow axially through pas-
sages 138 defined by radial gaps between the compo-
nents 54, 56, and 58. The secondary seal devices 42,
therefore, are provided to seal off these passages 138
and, thereby, further and more completely seal the an-
nular gap.
[0047] Each of the secondary seal devices 42 may be
configured as a ring seal element such as, but not limited
to, a split ring. Alternatively, one or more of the secondary
seal devices 42 may be configured as a full hoop body
ring, an annular brush seal or any other suitable ring-type
seal.
[0048] The secondary seal devices 42 of FIG. 1 are
arranged together in an axial stack. In this stack, each
of the secondary seal devices 42 axially engages (e.g.,
contacts) another adjacent one of the secondary seal
devices 42. The stack of the secondary seal devices 42
is arranged with the first ring structure 44, which positions
and mounts the secondary seal devices 42 with the stator
structure 24 adjacent the primary seal device 40. In this
arrangement, the stack of the secondary seal devices 42
is operable to axially engage and form a seal between
the end surface 76 of the plurality of seal shoes 54 and
an annular surface 140 of the first ring structure 44. These
surfaces 76, 140 are axially aligned with one another,
which enables the stack of the secondary seal devices
42 to slide radially against, but maintain sealingly en-
gaged with, the end surface 76 as the plurality of seal
shoes 54 move radially relative to the seal land surface
38 as described above. Of course, in other embodiments,
the surfaces 76, 140 may be misaligned where the sec-
ondary seal devices 42 are correspondingly configured.
[0049] The first ring structure 44 may include a sec-
ondary seal device support ring 142 and a retention ring
144. The support ring 142 is configured with an annular
full hoop body, which extends circumferentially around
the rotational axis 22. The support ring 142 includes the
annular surface 140 and is disposed axially adjacent and
engaged with the seal base 52.
[0050] The retention ring 144 is configured with an an-
nular full hoop body, which extends circumferentially
around the rotational axis 22. The retention ring 144 is
disposed axially adjacent and engaged with the support
ring 142, thereby capturing the stack of the secondary
seal devices 42 within an annular channel formed be-
tween the rings 142, 144. The stack of the secondary

seal devices 42, of course, may also or alternatively be
attached to one of the rings by, for example, a press fit
connection and/or one or more other techniques/devices.
[0051] The present disclosure is not limited to the ex-
emplary primary seal device 40 type or configuration de-
scribed above. Various other non-contact seals are
known in the art and may be reconfigured in light of the
disclosure above to be included with the assembly 20 of
the present disclosure. Other examples of non-contact
seals are disclosed in U.S. Pat. No. 8,172,232; U.S. Pat.
No. 8,002,285; U.S. Pat. No. 7,896,352; U.S. Pat. No.
7,410,173; U.S. Pat. No. 7,182,345; and U.S. Pat. No.
6,428,009.
[0052] While various embodiments of the present dis-
closure have been disclosed, it will be apparent to those
of ordinary skill in the art that many more embodiments
and implementations are possible within the scope of the
present disclosure. For example, the present disclosure
as described herein includes several aspects and em-
bodiments that include particular features. Although
these particular features may be described individually,
it is within the scope of the present disclosure that some
or all of these features may be combined with any one
of the aspects and remain within the scope of the present
disclosure. Accordingly, the present disclosure is not to
be restricted except in light of the attached claims and
their equivalents.

Claims

1. An outer seal structure for a rotor assembly compris-
ing:

a stator structure (24); and
a non-contact seal assembly (40), fixed relative
to the stator structure (24), the non-contact seal
assembly (40) comprising:

a plurality of seal shoes (54) arranged about
an axis (22) in an annular array;
a seal base (52) circumscribing the annular
array of the plurality of seal shoes (54);
a plurality of spring elements (56), each of
the plurality of spring elements (56) extend-
ing radially between a respective seal shoe
(54) of the plurality of seal shoes (54) and
the seal base (52); and
a shoe support plate (150) arranged about
the axis (22) and mounted to the stator
structure (24), the shoe support plate (150)
comprising a plurality of shoe support tabs
(160) extending axially from the shoe sup-
port plate (150);

wherein each shoe support tab (160) of the plu-
rality of shoe support tabs (160) is disposed be-
tween each adjacent pair of seal shoes (54) of
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the plurality of seal shoes (54).

2. The structure of claim 1, wherein the plurality of seal
shoes (54) comprises a plurality of shoe support slots
(162) configured to receive the plurality of shoe sup-
port tabs (160).

3. The structure of claim 2, wherein each shoe support
slot (162) of the plurality of shoe support slots (162)
is disposed between a first circumferential side (66)
of a first seal shoe of the plurality of seal shoes (54)
and a second circumferential side (68) of a second
seal shoe, adjacent the first seal shoe, of the plurality
of seal shoes (54).

4. The structure of any preceding claim, further com-
prising:

a ring structure (44) axially engaged with the
seal base (52); and
one or more secondary seal devices (42) mount-
ed with the ring structure (44) and configured to
substantially seal an annular gap between the
ring structure (44) and the plurality of seal shoes
(54).

5. The structure of any preceding claim, wherein each
spring element (56) of the plurality of spring elements
(56) comprises:

a first mount (82) connected to the respective
seal shoe (54) of the plurality of seal shoes (54);
and
a second mount (84) connected to the seal base
(52).

6. The structure of claim 5, wherein each spring ele-
ment (56) of the plurality of spring elements (56) fur-
ther comprises one or more spring beams (86) ex-
tending from the first mount (82) to the second mount
(84).

7. An outer seal structure for a rotor assembly compris-
ing:

a stator structure (24); and
a non-contact seal assembly (40), fixed relative
to the stator structure (24), the non-contact seal
assembly (40) comprising:

a plurality of seal shoes (54) arranged about
an axis (22) in an annular array, the plurality
of seal shoes (54) comprising a plurality of
shoe support slots (162), each shoe support
slot (162) of the plurality of shoe support
slots (162) disposed between a first circum-
ferential side (66) of a first seal shoe of the
plurality of seal shoes (54) and a second

circumferential side (68) of a second seal
shoe, adjacent the first seal shoe, of the plu-
rality of seal shoes (54);
a seal base (52) circumscribing the annular
array of the plurality of seal shoes (54);
a plurality of spring elements (56), each of
the plurality of spring elements (56) extend-
ing radially between a respective seal shoe
(54) of the plurality of seal shoes (54) and
the seal base (52); and
a shoe support plate (150) arranged about
the axis (22) and mounted to the stator
structure (24), the shoe support plate (150)
comprising a plurality of shoe support tabs
(160) extending axially from the shoe sup-
port plate (150);

wherein each shoe support tab (160) of the plu-
rality of shoe support tabs (160) is disposed with-
in each shoe support slot (162) of the plurality
of shoe support slots (162).

8. The structure of any preceding claim, wherein the
shoe support plate (150) includes a plurality of re-
cesses (164) corresponding to the plurality of seal
shoes (54).

9. The structure of claim 8, wherein each recess (164)
of the plurality of recesses (164) has a substantially
scalloped shape.

10. The structure of any preceding claim, wherein the
stator structure (24) further comprises a seal carrier
(32), the shoe support plate (150) being mounted to
the seal carrier (32) of the stator structure (24).

11. The structure of claim 10, wherein the seal carrier
(32) comprises a seal carrier surface (34) and the
shoe support plate (150) is mounted to the seal car-
rier (32) by a press-fit connection between the shoe
support plate (150) and the seal carrier surface (34).

12. The structure of any preceding claim, wherein the
plurality of shoe support tabs (160) of the shoe sup-
port plate (150) are configured to support the plurality
of seal shoes (54) in at least one of a radial and a
circumferential direction.

13. An outer seal structure for a rotor assembly compris-
ing:

a stator structure (24); and
a non-contact seal assembly (40), fixed relative
to the stator structure (24), the non-contact seal
assembly (40) comprising:

a plurality of seal shoes (54) arranged about
an axis (22) in an annular array;

11 12 
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a seal base (52) circumscribing the annular
array of the plurality of seal shoes (54);
a plurality of spring elements (56), each of
the plurality of spring elements (56) extend-
ing radially between a respective seal shoe
(54) of the plurality of seal shoes (54) and
the seal base (52); and
a shoe support plate (150) arranged about
the axis (22) and mounted to the stator
structure (24), the shoe support plate (150)
comprising a plurality of shoe support tabs
(160) extending axially from the shoe sup-
port plate (150);

wherein each shoe support tab (160) of the plu-
rality of shoe support tabs (160) is disposed be-
tween each adjacent pair of seal shoes (54) of
the plurality of seal shoes (54); and
wherein the plurality of shoe support tabs (160)
of the shoe support plate (150) are configured
to support the plurality of seal shoes (54) in at
least one of a radial and a circumferential direc-
tion.

14. The structure of claim 13, wherein the plurality of
seal shoes (54) comprises a plurality of shoe support
slots (162) configured to receive the plurality of shoe
support tabs (160) wherein, preferably, each shoe
support slot (162) of the plurality of shoe support
slots (162) is disposed between a first circumferential
side (66) of a first seal shoe of the plurality of seal
shoes (54) and a second circumferential side (68) of
a second seal shoe, adjacent the first seal shoe, of
the plurality of seal shoes (54).

15. The structure of claim 13 or 14, wherein the shoe
support plate (150) includes a plurality of recesses
(164) corresponding to the plurality of seal shoes
(54).
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