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SEGMENTED INTERSHAFT SEAL
ASSEMBLY

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of co-pending
U.S. Non-Provisional application Ser. No. 12/210,246 filed
Sep. 15, 2008 now allowed for patent. The subject matter of
the prior application is incorporated in its entirety herein by
reference thereto.

FEDERALLY SPONSORED RESEARCH AND
DEVELOPMENT

None.
BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention generally relates to a sealing device for
turbine engines. Specifically, the invention is a segmented
intershaft seal having a cross section which is generally either
T-shaped or L-shaped. Each seal segment is biased in an
outward radial direction so as to contact an inner annular
surface along one or both end rings disposed about the seal.
Seal segments are further seated onto one or both end rings
via centrifugal forces and pressures during operation a tur-
bine engine.

2. Background

Applicant describes an intershaft seal for counter-rotating
and co-rotating turbine engines in U.S. patent application Ser.
No. 12/210,246 and PCT Application Number PCT/US2009/
052328. The intershaft seal is a clearance-type seal applicable
between inner and outer shafts of a turbine engine. The seal
assembly includes a pair of end rings and a seal element. The
end rings are secured to an inner shaft. At least one end ring
has a flange, with upper and lower surfaces, disposed along
and extending from one side of the ring. The seal element
includes a ring, with inner and outer surfaces, and a ring
flange. The ring flange is disposed along and extends dia-
metrically outward from the outer surface. The seal element is
disposed between the end rings so that the ring flange extends
beyond the flanges. The outer radial surface of the ring seats
with the lower surface along at least one end ring when
rotation of the inner shaft imparts an outward centrifugal
force onto the seal ring.

The intershaft seal described above minimizes wear and
friction induced heat by contacting the inner shaft but not the
outer shaft during normal operating conditions; however, heat
and thrust induced misalignments between the shafts do
occur from time-to-time causing the seal to briefly contact the
outer shaft. When contact between the intershaft seal and
outer shaft is properly minimized, the weight of the seal is
relatively constant during the operational life of the seal. This
feature ensures a relatively constant outward centrifugal force
which secures the intershaft seal to end rings along the inner
shaft when the inner shaft is rotated.

The diameter of an intershaft seal is often constrained by
manufacturing considerations. In one example, the unifor-
mity and consistency of material properties is inversely
related to the size of the material stock, examples including a
sheet, bar, or block, from which the seal ring is fabricated.
This means that larger diameter seal rings are inherently less
uniform mechanically and thermally when manufactured
from a single, large material stock. In other example, material
and manufacturing costs increase with the size of the material
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stock. Materials costs increase with stock size by virtue of the
raw material, processing, and handling costs. Manufacturing
costs increase with stock size because of the equipment
required to handle and properly machine a seal to proscribed
tolerances and the waste or scrap associated with unused
portions of the stock material. In yet another example, manu-
facturability decreases inversely with stock size because of
the difficulties associated with holding proscribed tolerances
and avoiding warp and other manufacturing induced defects
which may or may not be related to imperfections or incon-
sistencies within the stock material.

One solution is to construct a large diameter intershaft seal
from two or more segments which interlock to form a single
ring structure whereby each seal segment is manufactured
from a separate, smaller, more uniform, and less costly mate-
rial stock. However, this approach is problematic for the
intershaft seal described above because the seal, by virtue of
its design and function, is unsupported before centrifugal
forces cause it to move radially outward to seat onto flanges
along the end rings. The result is a segmented seal which is
difficult to properly assemble within a turbine engine and
difficult to properly control below the centrifugal forces and
pressures which secure the seal ring to the end rings.

Accordingly, what is required is a segmented intershaft
seal capable of replicating the performance characteristics of
a non-segmented intershaft seal in large diameter applica-
tions while avoiding the problems inherent to these applica-
tions.

SUMMARY OF THE INVENTION

An object of the invention is to provide a segmented inter-
shaft seal capable of replicating the performance character-
istics of a non-segmented intershaft seal in large diameter
applications while avoiding the problems inherent to these
applications.

In accordance with embodiments of the invention, the seg-
mented intershaft seal assembly includes a pair of end rings,
an annular seal element, and at least one resilient element. At
least one end ring has a flange which is disposed along and
extends from one side of the end ring. The flange further
includes a lower annular surface. The annular seal element
includes at least two seal segments. Each seal segment
includes a ring segment and a ring flange segment. The ring
segment is wider than the ring flange segment so as to form
either a substantially “T”-shaped cross section or a substan-
tially “L”’-shaped cross section. Each ring segment has an
upper radial surface. The ring flange segment is disposed
along and extends from the upper radial surface. At least one
resilient element biases each seal segment away from the
inner shaft so that the upper radial surface directly contacts a
portion of the lower annular surface so that a portion of the
ring flange segments extends beyond the flange.

In accordance with other embodiments of the invention, the
resilient element is a compression spring, a flat spring, or an
extension spring.

In accordance with other embodiments of the invention, the
resilient element is partially recessed within each seal seg-
ment.

In accordance with other embodiments of the invention, a
spacer ring is disposed between the end rings and directly
contacts the inner shaft and the resilient element is partially
recessed within the spacer ring.

In accordance with other embodiments of the invention, at
least two pins are separately secured to the spacer ring. Each
pin partially resides within an oversized cavity along a seal
segment. The oversized cavity is dimensioned to minimize
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contact between the pin and the seal segment when the seal
segment is displaced by direct contact with the outer shaft.

In accordance with other embodiments of the invention, the
seal segments are mechanically secure to at least one end ring.

In accordance with other embodiments of the invention, at
least two pins are separately secured to at least one end ring.
Each pin partially resides within a slot-shaped cavity. The
slot-shaped cavity is oriented radially outward to minimize
contact between the pin and the seal segment when the seal
segment is displaced by direct contact with the outer shaft.

In accordance with other embodiments of the invention,
each ring flange segment has a convex-shaped surface adja-
cent to an outer shaft.

Inaccordance with yet other embodiments of the invention,
a locking nut directly contacts one end ring to secure the seal
assembly to an inner shaft.

In accordance with other embodiments of the invention,
seal segments are composed of a metal, a metal alloy, or a
carbon. The end rings, inner shaft, and outer shaft have sub-
stantially similar thermal expansion properties to minimize
contact between the seal segments and outer shaft.

Several advantages are offered by the invention. The inven-
tion avoids the wear caused by relative axial movement
between the seal element and end ring faces. The invention
avoids wear along the outer diameter of the seal ring caused
by translations between the inner and outer shafts. The inven-
tion avoids friction induced heating along the seal element,
via a substantially non-wearable sealing system, allowing the
seal element to be composed of a metal, metal alloy, or carbon
graphite, thereby reducing the cost of the seal system. The
combination of a segmented seal and resilient elements dis-
posed between a pair of end rings allows for localized and
limited deflection of the seal thereby minimizing damage to
the segmented seal during excursions between the inner and
outer shafts which result in contact of the seal by the outer
shaft. The oversized cavities within the seal segments further
minimize damage to the segmented seal by providing
adequate clearance to allow the segments to move radially
without contacting the anti-rotation pin during excursions
between the inner and outer shafts which result in contact of
the seal by the outer shaft. The seal is properly seated on a
structure attached to the inner shaft at the onset of rotation
further minimizing mass loss and variation in the centrifugal
forces acting on the segment seal. Centrifugal forces further
secure the seal element to the inner shaft during rotation.

The above and other objectives, features, and advantages of
the preferred embodiments of the invention will become
apparent from the following description read in connection
with the accompanying drawings, in which like reference
numerals designate the same or similar elements.

REFERENCE NUMERALS

11 Seal assembly
12 Seal element
13 End ring

14 End ring

15 Locking ring
16 Spacer ring
17 Gap

18 Flange

19 Inner shaft
20 Outer shaft
21 Flange

22 Gap

23 Centerline
24 Ring

25 Ring flange
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-continued

REFERENCE NUMERALS

26 Inner surface

27 First outer surface
28 Second outer surface
29 Lower surface

30 Lower surface

31 Gap

32 Cavity

33 Cavity

34 Anti-rotation pin

35 Roll pin

36 End ring

37 Relief

38 Seal element

39 Upper surface

40 Clearance

41 Joint

42 Inner surface

43 Joint

44 Gap

45 Upper surface

46 Upper surface

47 Mechanical stop

48 Spring

49 Groove

50a, 50b Step

51a, 51b Step

52 Inner diameter

53 Intermediate ring
54 Annular seal element
55 Ring segment

56 Ring flange segment
57 Seal segment

58 Compression spring
59 Spacer ring

60 Cavity

61 Anti-rotation pin

62 Cavity

63 End ring

64 End ring

65 Flange

66 Support surface

67 Support surface

68 Annular gap

69 Upper radial surface
70 Lower annular surface
71 Cavity

72 Roll pin

73 Cavity

74 Flange

75 Flange

76 Cavity

77 Cavity

78 Anti-rotation pin

79 Cavity

80 Notch

81 Flat spring

82 Groove

83 Extension spring

84 Anti-rotation pin

85 Inner radial Surface
86 Outer annular surface
87 Corner

88 End

BRIEF DESCRIPTION OF THE DRAWINGS

Additional aspects, features, and advantages of the inven-
tion will be understood and will become more readily appar-
ent when the invention is considered in the light of the fol-
lowing description made in conjunction with the
accompanying drawings.

FIG. 11is a cross-sectional view illustrating a seal assembly
disposed between a pair of rotating shafts in accordance with
an embodiment of the invention.
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FIG. 2 is a side elevation view illustrating a seal element
with a single joint in accordance with an embodiment of the
invention.

FIG. 3 is an enlarged cross-sectional view illustrating a seal
assembly with an inverted generally T-shaped seal element in
accordance with an embodiment of the invention.

FIG. 41is an enlarged cross-sectional view illustrating a seal
assembly with a generally L-shaped seal element in accor-
dance with an embodiment of the invention.

FIG. 5 is an enlarged cross-sectional view illustrating an
inverted and generally T-shaped seal element with contoured
surface upper surface in accordance with an embodiment of
the invention.

FIG. 6 is an enlarged cross-sectional view illustrating a
generally L-shaped seal element with contoured upper sur-
face in accordance with an embodiment of the invention.

FIG. 7a is an enlarged perspective view illustrating a step
joint formed by interlocking wedge-shaped steps in accor-
dance with an embodiment of the invention.

FIG. 74 is an enlarged perspective view illustrating a step
joint formed by interlocking rectangular-shaped steps in
accordance with an embodiment of the invention.

FIG. 8a is an enlarged cross-sectional view illustrating a
T-shaped seal element having a spring disposed along the
inner diameter thereof in accordance with an embodiment of
the invention.

FIG. 854 is an enlarged cross-sectional view illustrating an
L-shaped seal element having a spring disposed along the
inner diameter thereof in accordance with an embodiment of
the invention.

FIG.91s a cross-sectional view illustrating a serial arrange-
ment of seal assemblies disposed between an inner shaft and
an outer shaft in accordance with an embodiment of the
invention.

FIG. 10 is a cross-sectional view illustrating a serial
arrangement of seal assemblies with a single intermediate
ring disposed between an inner shaft and an outer shaft in
accordance with an embodiment of the invention.

FIG. 11 is a side elevation view illustrating a segmented
intershaft seal with multiple joints in accordance with an
embodiment of the invention.

FIG. 12a is a cross-sectional elevation view illustrating a
pair of compression springs and an optional pin disposed
between a seal segment and a spacer ring whereby the com-
pression springs are partially recessed within the seal seg-
ment in accordance with an embodiment of the invention.

FIG. 125 is a cross-sectional elevation view illustrating a
pair of compression springs and an optional pin disposed
between a seal segment and a spacer ring whereby the com-
pression springs are partially recessed within the spacer ring
in accordance with an embodiment of the invention.

FIG. 12¢ is an enlarged cross-sectional view of the seal
segments in FIGS. 12a and 125 illustrating a seal assembly
whereby the seal segment has a generally T-shaped cross
section and the optional pin is secured to the spacer ring and
resides within an oversized cavity within the seal segment in
accordance with an embodiment of the invention.

FIG. 13 is an enlarged cross-sectional view illustrating a
seal assembly whereby a seal segment has a generally
L-shaped cross section and a compression spring is partially
recessed within a spacer ring and contacts an inner radial
surface along the seal segment in accordance with an embodi-
ment of the invention.

FIG. 14 is an enlarged cross-sectional view illustrating a
seal assembly whereby a seal segment has a generally
L-shaped cross section and a compression spring is partially
recessed within the seal segment and contacts an outer radial
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6

surface along a spacer ring and an optional pin secures the
spacer ring to a pair of end rings disposed about the seal
segment in accordance with an embodiment of the invention.

FIG. 15a is an enlarged cross-sectional view illustrating a
seal assembly whereby a seal segment has a generally
T-shaped cross section and a compression spring is partially
recessed within the seal segment and contacts an outer radial
surface along a spacer ring and a first optional pin secures the
spacer ring to a pair of end rings and a second optional pin is
secured at a first end to one end ring and at a second end
resides within an oversize cavity along the seal segment in
accordance with an embodiment of the invention.

FIG. 1554 is a cross-sectional elevation view of the embodi-
ment in FIG. 15q illustrating a pair of compression springs
partially recessed within the seal segment and contacting the
outer radial surface along the spacer ring and the second
optional pin is disposed within the oversized cavity within the
seal segment in accordance with an embodiment of the inven-
tion.

FIG. 16a is an enlarged cross-sectional view illustrating a
seal assembly whereby a seal segment has a generally
T-shaped cross section and a compression spring is partially
recessed within the seal segment and contacts an outer radial
surface along a spacer ring and a first optional pin secures the
spacer ring to a pair of end rings disposed about the seal
segment and a second optional pin at a first end is secured to
one end ring and at a second end is disposed within a slot
along the seal segment in accordance with an embodiment of
the invention.

FIG. 1654 is a cross-sectional elevation view of the embodi-
ment in FIG. 16q illustrating a pair of compression springs
partially recessed within the seal segment and contacting the
outer radial surface of the spacer ring and the second optional
pin is disposed within the slot oriented radially outward along
the seal segment in accordance with an embodiment of the
invention.

FIG. 17a is a cross-sectional elevation view illustrating a
flat spring partially recessed within a spacer ring and contact-
ing an inner radial surface along a seal segment and an
optional pin disposed within an oversized cavity within the
seal segment in accordance with an embodiment of the inven-
tion.

FIG.17b1s anenlarged cross-sectional view of the embodi-
ment in FIG. 174 illustrating the seal segment with a gener-
ally T-shaped cross section and the flat spring is disposed
between and contacts both the seal segment and the spacer
ring and the optional pin at a first end is disposed within an
oversized cavity along the seal segment and at a second end is
secured to an end ring in accordance with an embodiment of
the invention.

FIG. 18 is an enlarged cross-sectional view illustrating a
seal assembly whereby a seal segment has a generally
T-shaped cross section and an extension spring is partially
recessed within the seal segment and a first optional pin
secures a spacer ring to a pair of end rings disposed about the
seal segment and a second optional pin at a first end is dis-
posed within an oversized cavity along the seal segment and
atasecond end is secured to an end ring in accordance with an
embodiment of the invention.

FIG. 19 is an enlarged cross-sectional view illustrating a
seal assembly whereby a seal segment has a generally
L-shaped cross section and an extension spring is partially
recessed within the seal segment and a first optional pin
secures a spacer ring to a pair of end rings disposed about the
seal segment and a second optional pin at a first end is dis-
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posed within an oversized cavity along the seal segment and
atasecond end is secured to an end ring in accordance with an
embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to several embodi-
ments of the invention that are illustrated in the accompany-
ing drawings. Wherever possible, same or similar reference
numerals are used in the drawings and the description to refer
to the same or like parts. The drawings are in simplified form
and are not to precise scale.

While features of various embodiments are separately
described throughout this document, it is understood that two
or more such features could be combined into a single
embodiment.

It is also understood that the various embodiments of the
seal assembly are shown in enlarged view for descriptive
purposes and that all such embodiments are applicable to a
turbine engine with inner and outer shafts as generally
described in FIG. 1.

As represented in FIG. 1, the seal assembly 11 is shown
including a pair of end rings 13, 14, a seal element 12, an
optional gap 17, an optional spacer ring 16, and an optional
locking ring 15 disposed between an inner shaft 19 and an
outer shaft 20. Elements are disposed about a common cen-
terline 23 or axis-of-rotation. A clearance 40 is provided
between the inner surface 42 along the outer shaft 20 and a
second outer surface 28 along the seal element 12. The height
of the clearance 40 should be sufficient to avoid contact
between the outer shaft 20 and seal element 12 and to mini-
mize fluid leakage across the seal element 12. Inner shaft 19
and outer shaft 20 are structures understood in the art which
rotate in either a counter-rotational or co-rotational fashion.

Each end ring 13 and 14 includes a flange 18 and 21,
respectively, so as to have a substantially [.-shaped cross
section. End rings 13, 14 are disposed in a substantially sym-
metrical arrangement about the seal element 12 and contact
the inner shaft 19 so that the flanges 18, 21 are arranged
immediately adjacent to but do not contact the outer shaft 20.
This arrangement forms a structure having a generally
inverted T-shaped cross section which complements the
cross-sectional design of the seal element 12.

The seal assembly 11 is designed so as to rotate with the
inner shaft 19. One end ring 13 could be secured to the inner
shaft 19 via a mechanical stop 47 and the other end ring 14
could be secured via a locking ring 15 threaded, pinned, other
otherwise fastened or secured onto the inner shaft 19. It is
likewise possible for both end rings 13, 14 to be secured to the
inner shaft 19 via a pair of locking rings 15 separately dis-
posed at the ends of the seal assembly 11. It is further possible
for one end ring 13 or 14 to be an integral or unitary part of the
inner shaft 19. Also, the seal assembly 11 could include a
variety of stacking arrangements including additional spacers
or the like which contact or are immediately adjacent to the
locking ring 15.

The seal element 12 is disposed between and could contact
the end rings 13, 14. A spacer ring 16 having an overall
diameter less than the seal element 12 also resides between
the end rings 13, 14. In preferred embodiments, the outer
diameter of the spacer ring 16 is less than the inner diameter
of the seal element 12 so as to provide a gap 17 between the
elements. The radial height of the gap 17 is preferred to be
dimensioned so as to avoid contact between the inner diam-
eter ofthe seal element 12 and the outer diameter of the spacer
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ring 16 during excursions of the inner and outer shafts 19, 20.
Seal element 12 and/or spacer ring 16 could contact both end
rings 13, 14.

The seal assembly 11 avoids the problems of temperature
and load capacity associated with many fluid-film seals. The
seal element 12 is a piston ring with a gap and a cross-
sectional profile with an inverted T-shape. The seal element
12 has an interior flange that mates with the end rings 13, 14
attached to the inner shaft 19. Centrifugal force drives the seal
element 12 against the overhang of the end rings 13, 14 and
causes the seal element 12 to rotate with the inner shaft 19.
Leakage occurs across a controlled clearance at the outer
diameter of the seal element 12.

The advantage of this design is its simplicity and avoidance
of fluid-film problems. Since there is no relative movement
between the seal element 12 and mating components, the seal
element 12 minimizes wear. Materials comprising the end
rings 13, 14, spacer ring 16, inner shaft 19, and outer shaft 20
are selected to have substantially similar thermal expansion
properties to ensure the clearance 40 between the outer diam-
eter of the seal element 12 and the inner diameter of the outer
shaft 20 is closely controlled. Exemplary materials include,
but are not limited to, metal, metal alloys, and carbon. The
clearance 40 could dynamically vary because of the relative
movement between the inner and outer shafts 19, 20.

As represented in FIG. 2, the seal element 12, 38 is com-
prised of a ring 24 and a ring flange 25 disposed about a
common centerline 23. The ring 24 is a substantially circular
element of uniform thickness with a generally square or rect-
angular cross section between an inner surface 26 and a first
outer surface 27. The ring flange 25 is a substantially circular
structure which extends from the first outer surface 27 along
the ring 24. The ring flange 25 could have a substantially
square or rectangular cross section. The cross-sectional width
of'the ring flange 25 is less than the corresponding dimension
along the ring 24, as represented in FIGS. 3 and 4.

In some embodiments, the ring flange 25 is located along
the ring 24 in a symmetric or non-symmetric arrangement to
form a substantially inverted T-shaped cross section, as rep-
resented in FIG. 3. The stepwise cross section of the T-shaped
seal element 12 provides a single second outer surface 28,
corresponding to the outer diameter of the ring flange 25,
disposed between a pair of first outer surfaces 27, correspond-
ing to the interface between the outer diameter of the ring 24
and inner diameter of the ring flange 25.

In other embodiments, the ring flange 25 is positioned at
one end of the ring 24 to a form a substantially L.-shaped cross
section, as represented in FIG. 4. The stepwise cross section
of the [.-shaped seal element 38 provides a single first outer
surface 27, along the interface between the outer diameter of
the ring 24 and inner diameter of the ring flange 25, and a
single second outer surface 28, along the outer diameter of the
ring flange 25.

In preferred embodiments, ring 24 and ring flange 25 are
manufactured via methods understood in the art from a single
or monolithic structure. However, it is possible for the ring 24
and ring flange 25 to be separately manufactured and
assembled via methods understood in the art to form the seal
element 12.

In some embodiments, the seal element 12 or 38 could
include at least one joint 41 which partially or completely
transverses the cross section of the element, the latter arrange-
ment allowing the seal element 12, 38 to open outward as
centrifugal forces push the seal element 12, 38 against one or
both flanges 18, 21 to seat the seal element 12, 38 thereto. In
other embodiments, the seal element 12, 38 could include two
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or more such joints 41 facilitating a segmented rather than
continuous seal element 12, 38.

Joints 41 could include a variety of structures understood in
the art. For example, FIG. 2 shows a straight cut joint. In
another example, FIG. 7a shows a tongue/groove joint 41
including a pair of wedge-shaped steps 50a, 505 which inter-
lock to minimize leakage across the joint 41. In yet another
example, FIG. 756 shows a tongue/groove joint 41 including a
pair of rectangular-shaped steps 51a, 516 which also inter-
lock to minimize leakage across the joint 41. Steps 50a, 505
or 51a, 515 are disposed along the seal element 12 or 38 and
could traverse the ring 24 and/or the ring flange 25 structures
described herein.

As represented in FIG. 3, the seal assembly 11 is shown for
a seal element 12 with a generally inverted T-shaped cross
section. The seal element 12 is disposed between the end rings
13, 14 so that the ring 24 is bounded by the end rings 13, 14.
The ring flange 25 is disposed between the flanges 18, 21 so
as to at least extend in a radial fashion beyond the upper
surfaces 46, 45 of both flanges 18, 21, respectively.

In some embodiments, it is preferred to include a gap 44,
disposed between one or both flanges 18, 21 and the vertical
walls of the ring flange 25, to ensure that the seal element 12
floats inside the seal assembly 11 and has sufficient radial
motion to properly adjust with thermal effects. In other
embodiments, a gap 44 could be disposed between adjacent
vertical walls along the ring 24 and one end ring 13. In yet
other embodiments, a gap 31 could be disposed between
lower surface 30 along one flange 18 and the first outer
surface 27 along the ring 24. In still other embodiments, at
least one first outer surface 27 should contact the lower sur-
face 29 along the flange 21, because of manufacturing toler-
ance variations along the outer surfaces 27 of the ring 24 and
lower surfaces 29 of the flanges 18, 21. In preferred embodi-
ments, no gap 31 is present when components are precision
machined so that the upper surfaces 29, 30 of the end rings 13,
14 and first outer surface 27 of the ring 24 are dimensionally
identical.

In some embodiments, a spacer ring 16 is provided
between the end rings 13, 14 so as to contact the outer surface
of the inner shaft 19. One or more cavities 32 could traverse
the spacer ring 16 about its circumference and one or both end
rings 13, 14. Roll pins 35 and cavities 32 are complementary
shaped so as to allow a roll pin 35 to be inserted into each
cavity 32. Each cavity 32 along the end rings 13, 14 could be
dimensioned to form an interference fit with a roll pin 35,
while the cavity 32 through the spacer ring 16 could provide
an interference or clearance fit. The roll pins 35 secure the seal
element 12, end rings 13, 14, and spacer ring 16 so as to form
a cartridge-like assembly.

In other embodiments, the spacer ring 16 could be spaced
apart from the seal element 12 via a gap 17 of circular extent.
The gap 17 should have sufficient radial height to accommo-
date the relative radial motion of the seal element 12 about the
cavity 33 because of the clearance fit of the anti-rotation pin
34.

In preferred embodiments, there is no relative movement
between the seal element 12 and other components compris-
ing the seal assembly 11. One or more cavities 33 could
completely or partially traverse the seal element 12 about its
circumference and one or both end rings 13, 14. Anti-rotation
pins 34 and cavities 33 are shaped so as to allow an anti-
rotation pin 34 to be inserted into each cavity 33

Each anti-rotation pin 34 could be press fitted onto the end
ring 14 by providing an interference fit between the anti-
rotation pin 34 and cavity 33 along the thickness of the end
ring 14. However, the cavity 33 portion through the seal
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element 12 should be larger than the diameter of the anti-
rotation pin 34 so as to allow the seal element 12 to slide or
move axially and radially in response to mechanical and
thermal effects to avoid binding along the seal element 12. For
example, the cavity 33 portion through the seal element 12
could be either circular or slot-shaped. If movement of the
seal element 12 is overly restricted due to inadequate clear-
ance between the diameter of the cavity 33 along the seal
element 12 and the diameter of anti-rotation pin 34 therein,
the first outer surface 27 along the seal element 12 will not
follow and seat onto the lower surface 29 of the flange 21. The
result could be an unsteady condition without uniform radial
support along the seal element 12 by the flanges 18, 21,
potentially causing the seal element 12 to crack or explode.
Other anti-rotation elements and approaches known within
the art are applicable.

Each end ring 13, 14 is preferred to include a relief 37
disposed in a circumferential arrangement at the intersection
of the horizontal flange 18, 21 with the vertical structure of
each ring, so as to avoid stress concentrations within the end
rings 13, 14 and fit and wear problems with the seal element
12. The relief 37 could be a radius, if space constraints pre-
clude arelief37. For example, a chamfer could be included at
the interfaces of the first outer surface 27 and the vertical face
of'the ring 24.

As represented in FIGS. 1-3, the left hand side of the seal
assembly 11 is the high pressure side. When pressure is intro-
duced, the seal element 12 seats onto the low pressure side of
the end ring 14. The joint 41 includes a space which is com-
pressed when the seal element 12 is assembled to form a seal
assembly 11. Also, the first outer surface 27 seats and seals
onto the lower surface 29. If the tension along the seal element
12 is inadequate to radially seat the first outer surface 27
against lower surface 29, an expander spring 48 could be used
along the inner diameter of the seal element 12, as shown in
FIGS. 8a and 8b. During operation of the inner and outer
shafts 19, 20, centrifugal force seats the seal element 12 as the
inner shaft 19 rotates; however, the tension described herein is
required along the seal element 12 in order to properly seat the
seal element 12 when the inner shaft 19 is stationary.

By selecting materials with coefficient of thermal expan-
sion rates which are sufficiently similar, it is possible for the
end rings 13, 14, spacerring 16, inner shaft 19, and outer shaft
20 to expand and contract at similar rates. When the lower
surface 29 expands, the first outer surface 27 follows the
lower surface 29 because of the centrifugal force produced by
the rotating inner shaft 19. The joint 41 opens to accommo-
date diametrical changes along the lower surface 29 caused
by thermal effects, thus closely maintaining the clearance 40
shown in FIG. 1 between the outer diameter of the seal ele-
ment 12 and inner diameter of the outer shaft 20.

As represented in FIGS. 1, 3 and 4, the gap 17, 22 should be
sufficiently large to accommodate thermally-induced expan-
sion variations along the inner diameter of the seal element
12, 38. The segment of the cavity 33 within the seal element
12, 38 is sized to likewise accommodate thermally-induced
expansion variations along the seal element 12, 38. Accord-
ingly, the size and shape of the cavity 33 within the seal
element 12, 38 could differ from the portion of the cavity 33
disposed along the end ring 14. Furthermore, the clearance 40
in FIG. 1 is well defined, since the outer shaft 20 should not
contact the seal element 12, 38. The end rings 13, 14 restrict
radial movement of the seal element 12 and 38, thus avoiding
the radial excursions possible with other seal designs.

As represented in FIG. 4, the seal assembly 11 from FIG. 3
is shown having a seal element 38 with a generally L-shaped
cross section composed of a ring 24 and ring flange 25. The
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seal element 38 is disposed between a generally planar-
shaped end ring 36 and an [-shaped end ring 14 so that the
ring 24 is bounded by both end rings 14, 36. The ring flange
25 is disposed between the end ring 36 and a flange 21
extending from the second end ring 14 so as to at least extend
in a radial fashion beyond the upper surface 45 of the flange
21.

In some embodiments, it is preferred to include a gap 44,
disposed between the vertical sides of flange 21 and/or the
end ring 36 and the vertical walls of the ring flange 25, to
ensure that the seal element 38 floats inside the seal assembly
11 and has sufficient radial motion to properly adjust to ther-
mal effects. The first outer surface 27 should contact the lower
surface 29 along the flange 21.

In other embodiments, a spacer ring 16 is provided
between the end rings 14, 36 so as to contact the outer surface
of the inner shaft 19. One or more cavities 32 could traverse
the spacer ring 16 about its circumference and one or both end
rings 14, 36. Roll pins 35 and cavities 32 are complementary
shaped so as to allow a roll pin 35 to be inserted into each
cavity 32. The roll pins 35 secure the seal element 38, end
rings 14, 36, and spacer ring 16 so as to form a cartridge-like
assembly, providing a structure which is readily shippable
and handle-able. Each cavity 32 along the end rings 14, 36
could provide an interference fit with the roll pin 35, while the
cavity 32 along the spacer ring 16 could provide either an
interference or clearance fit.

In yet other embodiments, the spacer ring 16 could be
separated from the seal element 38 via a gap 22 of circular
extent. The gap 22 should have sufficient radial height to
accommodate the relative radial motion of the seal element 38
about the cavity 33 because of the clearance fit of the anti-
rotation pin 34.

In preferred embodiments, there is no relative movement
between the seal element 38 and other components compris-
ing the seal assembly 11. One or more cavities 33 could
completely or partially traverse the seal element 38 about its
circumference and one or both end rings 14, 36. Anti-rotation
pins 34 and cavities 33 are shaped so as to allow an anti-
rotation pin 34 to be inserted into each cavity 33. However,
other anti-rotation elements and approaches known within
the art are likewise applicable to the embodiments described
herein.

Each anti-rotation pin 34 should be press fitted onto the end
ring 14 by providing an interference fit between anti-rotation
pin 34 and cavity 33 along the thickness of the end ring 14.
However, the cavity 33 portion along the seal element 38
should be larger than the diameter of the anti-rotation pin 34
s0 as to allow the seal element 38 to slide or move axially and
radially in response to mechanical and thermal effects with-
out binding the seal element 12. For example, the cavity 33
along the seal element 38 could be either circular or slot-
shaped. If movement of the seal element 38 is overly
restricted due to inadequate clearance between the diameter
of'the cavity 33 along the seal element 12 and the diameter of
anti-rotation pin 34 therein, the first outer surface 27 along the
seal element 38 would not follow and seat onto the lower
surface 29 of the flange 21, as described herein.

The end ring 14 is preferred to include a relief 37 disposed
in a circumferential arrangement at the intersection of the
horizontal flange 21 with the vertical structure of the end ring
14, so as to avoid stress concentrations therein and fit and
wear problems with the seal element 38. The relief 37 could
include a radius depending on space constraints.
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In some embodiments, it might be advantageous for seal
and/or wear purposes to include a non-linear profile along the
second outer surface 28 of the seal elements 12, 38 shown in
FIGS. 3 and 4, respectively.

Referring now to FIG. 5, an inverted T-shaped seal element
12 is shown having a generally concave-shaped upper surface
39 along the ring flange 25. Remaining features ofthe ring 24,
namely, first outer surface 27 and inner surface 26 are as
described herein.

As represented in FIG. 6, an L-shaped seal element 38 is
shown having a generally concave-shaped upper surface 39
along the ring flange 25. Remaining features of the ring 24,
namely, first outer surface 27 and inner surface 26 are as
described herein.

Other contoured geometries composed of one or more
concave, convex, and/or linear segments are likewise possible
along the upper surface 39. The upper surface 39 could be
molded onto or machined or shaped into an otherwise linear
profile along the outermost diametrical surface of a seal ele-
ment 12, 38.

In other embodiments, it might be advantageous for seal
and/or wear purposes to include a spring 48 along the seal
elements 12 and 38 shown in FIGS. 84 and 85, respectively.
For example, FIGS. 8a and 85 show a spring 48 disposed
along a groove 49 about the inner diameter 52 of the inverted
T-shaped seal element 12 and L-shaped seal element 38,
respectively. The spring 48 could be a garter spring, expander
spring, or the like. The groove 49 is a semi-circular structure
disposed along the seal element 12, 38 which approximates
the curvature of the spring 48. The spring 48 imparts a radial
force to seat the outer surface 27 of the seal element 12, 38
onto the lower surfaces 29 and/or 30 as the inner shaft 19
rotates. In other embodiments, the spring 48 could exert an
outward radial force onto the seal element 12, 38 when the
seal element 12, 38 is stationary.

As represented in FIGS. 9 and 10, it might be advantageous
to arrange two or more seal assemblies 11, comprised of
T-shaped seal elements 12 and/or L-shaped seal elements 38
described herein, in a stacked or serial fashion between an
inner shaft 19 and an outer shaft 20. Seal assemblies 11 could
be secured to the inner shaft 19 between a mechanical stop 47
and a locking ring 5, however other arrangements are pos-
sible. The total number of seal assemblies 11 is dependent on
the space constraints along the inner shaft 19. In FIG. 9, the
seal assemblies 11 are constructed as described herein. In
FIG. 10, the innermost end rings 14, 13 identified in F1G. 9 are
replaced by a single intermediate ring 53 having a generally
T-shaped cross section. Both multi-seal assemblies reduce the
total flow of air across the seal system.

The seal elements 12, 38 described herein could be com-
posed of high-temperature, carbon-graphite compositions
known within the art. An advantage of carbon-graphite is its
ability to wear without damage, unlike metals, when the
relative movement between the inner and outer shafts 19, 20
exceeds the clearance 40 shown in FIG. 1. However, the
invention described herein also allows for the use of high-
temperature metal and metal alloys because the seal assembly
11 avoids the wear problems associated with dual-shaft sys-
tems. Exemplary metal and metal alloys could include, but
are not limited to, 17-4 PH, 410 SS, titanium, and Inconel-X®
(the registered trademark of the Huntington Alloys Corpora-
tion of Huntington, W. Va.). Metals further allow the match-
ing of thermal expansion coefficients for materials compos-
ing the inner and outer shafts 19, 20, seal element 12 or 38,
and end rings 13, 14 or 14, 36.

Referring now to FIG. 11, the annular seal element 54 is
shown including a plurality of joints 43 forming an equal






