
WO 2012/033910PCT/US2011/050819 ANNULAR SEALING DEVICE RELATED APPLICATIONS
AND PRIORITY         The present application claims priority under 35
U.S.C.  119 to United States Provisional Patent Application Serial Number
61/381,213, titled the same, filed September 9, 52010, which is
incorporated herein by reference as if set out in full. BACKGROUND     In
many industries, it is necessary to provide reliable seals that operate in
extreme conditions including high pressures, high temperatures, and hostile
chemicals. Conventional elastomeric seals may be damaged or fail completely
under such conditions; therefore, metallic 10seals are the preferred
solution for these extreme applications.     A conventional metallic C, V
or U seal is often formed from sheet metal. The tolerances required to
control installation forces can be difficult to achieve using sheet metal.
In addition, parts manufactured from sheet metals are often formed from
annealed material to facilitate the forming process. These parts would then
require additional processing in the form of heat 15 treatment (such as
solution heat treatment followed by precipitation hardening) to achieve
optimum material strength. During heat treatment, the seal typically
experiences dimensional changes that are often difficult to predict as the
magnitude of the changes are proportional to the residual stresses in the
formed part. Also, the shape of the typical formed C, V or U metal seal is
difficult to machine from pre-hardened materials due to the inherent
flexibility of the cross 20 sectional geometry. Accordingly, there is a
need for an annular seal that can be manufactured without the stress and
tolerance issues common to traditional C, V or U shaped seals manufactured
with traditional sheet metal processes. As such, a cross section geometry
that can be machined from hardened materials is needed.  WO
2012/033910PCT/US2011/050819     In some critical applications redundant
seals may be used. Stacking or nesting traditional C, V or U shaped seals
for sealing redundancy can result in unpredictable performance.
Furthermore, there exists a need for an annular seal that can be stacked or
nested for redundant sealing without distorting the cross section of the
seal. A stacked arrangement could be used in 



5  bi-directional pressure applications. A nested arrangement could be used
in a uni-directional pressure application. SUMMARY     The annular sealing
device disclosed herein may be summarized as a metallic ring that has a
cross section comprising: an axially extending body portion; a spaced apart
pair of sealing arms 10 extending axially from said body portion, wherein
each said sealing arm includes a radially opposed arcuate (convex) sealing
surface; and wherein said spaced apart pair of sealing arms are spaced
apart a radial distance greater than the width of said body portion.
Alternatively, the annular seal may be described as a metallic ring that
has a cross section comprising: an axially extending stem portion; a
bulbous portion having radially opposed arcuate 15  sealing surfaces; and
an axial groove formed in said bulbous portion, wherein said axial groove
is wider than the width of said stem portion.     In an embodiment, the
annular seal comprises a metallic ring having a cross section that includes
an axially extending body portion having a radial width and an axial
height. A spaced apart pair of sealing arms extend axially from the body
portion, wherein each sealing arm 20 includes a radially opposed arcuate
sealing surface. The arcuate sealing surface may be convex, for example.
The spaced apart pair of sealing arms are spaced apart a radial distance
greater than the radial width of the body portion. In an embodiment, the
axial height of the body portion is commonly greater than its radial width.
WO 2012/033910PCT/US2011/050819      In another embodiment, the spaced
apart pair of sealing arms defines a first groove and may include a second
groove formed between the spaced apart pair of sealing arms. The axial
height of the body portion may be greater than the depth of the axial
groove. Also contemplated is a sealing system comprising a plurality of
interconnected metallic 5  rings wherein the body portion engages the
sealing arms of an adjacent metallic ring. A method of closing a gap
between components, such as cylindrical components, is also contemplated
herein. The method comprises providing a first metallic ring and inserting
it into the gap. The method may further comprise inserting a second
metallic ring into the gap and engaging the body portion of the second
metallic ring with the sealing arms of the first metallic ring.
Alternatively, 



10 the method may further comprise inserting a second metallic ring into
the gap and engaging the body portion of the first metallic ring with the
body portion of the second metallic ring. BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings, which are incorporated in and constitute a part
of this 15  specification, illustrate embodiments of an annular sealing
device and together with the description, serve to explain the principles
and operation thereof. Like items in the drawings are generally referred to
using the same numerical reference.      FIG. 1 is a top view of an annular
sealing device according to a first exemplary embodiment; 20FIG. 2 is a
cross section of the annular sealing device shown in FIG. 1 taken about
line 2 - 2;      FIG. 3 is a partial perspective view of the annular
sealing device shown in FIGS. 1 and 2 in an exemplary installation;  WO
2012/033910PCT/US2011/050819 FIG. 4 is an enlarged cross section of the
annular sealing device shown in FIG. 2;     FIG. 5 is an enlarged cross
section of an annular sealing device according to a second exemplary
embodiment; FIG. 6 is an enlarged cross section of an annular sealing
device according to a third 



, exemplary embodiment; FIGS. 4A-6A are an enlarged cross section of an
annular sealing device having alternative axial grooves; FIG. 7 is a cross
section illustrating several annular sealing devices stacked in a nested
arrangement; and 10FIG. 8 is a cross section illustrating two annular
sealing devices stacked body portion to body portion. DETAILED DESCRIPTION
Provided herein is an annular sealing device having a configuration that is
conducive to standard precision machining processes such as milling,
turning, and boring. Accordingly, the 15 annular sealing device according
to the embodiments described herein results in more consistency and tighter
tolerances for critical seal applications. Furthermore, these seals may be
formed from unhardened or pre-hardened materials for dimensional stability
throughout processing and while in service in extreme conditions. For
example, the seal may comprise Alloy 718 in the solution heat treated and
precipitation hardened condition. Also, the annular 20 sealing device
design allows for stacked seal arrangements that provide scaling redundancy
for critical applications.     As shown in FIGS. 1 and 2, annular seal 10
is in the form of a ring having an outer diameter D and a cross sectional
width W. FIG. 3 illustrates the installation of seal 10 in a gap 3 



WO 2012/033910PCT/US2011/050819 between two cylindrical components 5 and 7.
As can be appreciated from the figure, components 5 and 7 preferably
include lead in chamfers in order to facilitate installation of seal 10. It
should also be understood that width W is selected depending on the
application to fit in the gap 3 between mating cylindrical components, such
as, for example, components 5 and 7. 5 Moreover, it should be appreciated
that while the exemplary embodiments are directed to sealing cylindrical
components, the seal cross sections disclosed herein may also be applied to
other geometries.     FIG. 4 is a detailed view of the cross section of the
annular seal 10 shown in FIGS. 1-3. The cross section is comprised of an
axially extending body portion 20, also referred to as a stem 10 or trunk.
A spaced apart pair of sealing arms 30 extend axially from body portion 20.
A transition from the trunk to the sealing arms may be formed by radii 24,
for example. Each sealing arm 30 includes a radially facing arcuate sealing
surface 32. Seal 10 includes a bulbous portion with an axial groove 42
formed therein to create the spaced apart sealing arms 30. Axial groove 42
serves to reduce the compressive load required to install the seal and
creates a cavity 15 by which the media being sealed can increase the
contact forces at the seal interfaces resulting in improved sealing
performance. A second axial groove 44 may be formed in the bottom of axial
groove 42. As can be appreciated in the figures, groove 44 has a radial
width that is smaller than the radial width of axial groove 42. Grooves 42
and 44 include radii 43 and 45 respectively. The material between radii 45
and 24 at the shoulder area 27 of sealing arms 30 acts as a flexure 20
which allows the sealing arms to flex inward. Thus, seal 10 may be
configured as a preloaded seal. The stiffness of the flexure may be varied
by changing the depth and/or radial width of second axial groove 44 and the
radius of radii 45 and 24, thereby changing the shape and  WO
2012/033910PCT/US2011/050819 thickness of the shoulder area 27. The axial
grooves 43, 44 are shown to form generally rectangular shapes, but could
form other geometries, such as a circle or the like.     Sealing surfaces
32 interface with the components to be sealed (components 5 and 7 for
example). As shown in the figures, sealing surfaces 32 are radially
opposed. The arcuate sealing 5 surface 32 provides a line contact against
the sealed components, which increases the surface pressure of the seal
when compared to seals having an area contact. The exact radius of the
arcuate sealing surface 32 is not critical. The dimensions may change
depending on the application. One of ordinary skill in art will recognize
that the arcuate shape of the sealing surfaces 32 facilitates the
installation of the seal from either direction, depending on system 



10 pressure. To that end body portion 20, in this embodiment, includes
chamfers 22 which also facilitate installation.     Sealing arms 30 are
spaced apart a radial distance slightly greater than the width of the body
portion 20. Thus, multiple seals may be interconnected, or stacked,
together with the body portion 20 of a first seal inserted into the first
axial groove 42 of an adjacent seal. This stacked 15 seal arrangement
provides a redundant sealing system and acts to stabilize both seals. When
used in a stacked configuration, the radial width of the body portion 20
should be small enough to allow some radial deflection of the sealing arms
30. The axial length of body portion 20 also sets the distance between
seals to prevent the sealing arms 30 of one seal from contacting the
adjacent seal and potentially distorting the sealing surfaces. Accordingly,
the axial length of 20 body portion 20 may be greater than the depth of the
first axial groove 42. The body 'portion 20 may be sized to fit in the
second axial groove 44.     Advantageously, body portion 20 may be used to
hold the seal during manufacturing operations, as a bearing surface during
seal installation, and to control the spacing between seals  WO
2012/033910PCT/US2011/050819 in stacked seal arrangements. Body portion 20
also adds to the seal's general stability and rigidity during installation
which reduces or prevents "rolling" of the sealing arms during installation
of one arm prior to the other. The first and second axial grooves 42, 44
also may be engaged to hold the seal during manufacturing and/or
installation. 5FIG. 5 illustrates an annular seal 210 according to a second
exemplary embodiment. Seal 210 includes a truncated body portion 220.
Similar to the first embodiment described above, seal 210 includes a pair
of spaced apart sealing arms 230 that extend axially from body portion 220.
Each sealing arm 230 includes a radially facing arcuate sealing surface
232. Axial grooves 242 and 244 are located between the spaced apart sealing
arms 230. Grooves 242 and 244 include 10  radii 243 and 245 respectively.
Seal 210 may be used in applications where a single seal is desired or
multiple seals that do not require spacing from each other are employed.
However, body portion 220 may be gasped as explained above to facilitate
machining processes.       FIG. 6 illustrates an annular seal 310 according
to a third exemplary embodiment. Seal 310 is similar to the first and
second embodiments described above except it does not include a 15 body
portion. Seal 310 includes a pair of spaced apart sealing arms 330 that are
joined by bridge portion 326. Arms 330 extend axially from bridge portion
326. Each sealing arm 330 includes a radially facing arcuate sealing
surface 332. The arcuate sealing surfaces of the sealing arms continue
around bridge portion 326. Thus, the seal has a continuous arcuate surface
in the form of a U or C shape. As with the previous embodiments, the seal
includes axial grooves 342 and 



20 344 located between the spaced apart sealing arms 330. Grooves 342 and
344 include radii 343 and 345 respectively. Seal 310 may be used in
applications where a single seal is desired or multiple seals that do not
require spacing from each other are employed.  WO
2012/033910PCT/US2011/050819     FIGS. 4-6 show various "exemplary
embodiments of the annular sealing device generally having a first and
second axial groove 42 (242, 342) and 44 (244, 344). Referring now to FIGS.
4A-6A, alternative embodiments of axial grooves for the annular sealing
device are provided. Each of the alternative axial grooves are shown with
respect to the annular sealing device 10, but 5  could be used in
conjunction with annular sealing device 10, 210, 310, or the like.
Referring first to FIG. 4A, the annular seal 101 is provided having a
single axial groove 423. The axial groove 423 comprises a relatively
rectangular shape having a width W and a depth D that is relatively
constant across the width W. Sealing arms 30 have relatively straight
sidewalls 31 and a relatively flat bottom 33. With respect to annular
sealing device 102 provided in FIG. 5A, the 10  annular sealing device is
similar in that it has a single axial groove 42b The axial groove 42b
similarly has a maximum width W and a maximum depth D. The axial groove 42b
is formed by relatively straight sidewalls 31 that extend to a first depth
DI at which point the straight sidewalls 31 transition to a concave bottom
331, having a generally arcurate shape with a radius ri. While shown as a
single radius r1, the arcurate shape may be formed by variable radii. The
single axial 15 groove 421, forms a generally U shape. With respect to
figure 6C a third embodiment of the single axial groove 42 is provided.
Again the axial groove 42 has a maximum width W and a maximum depth D. The
axial groove 42, is formed by relatively straight sidewalls 31 extending to
a first depth D1 at which point the straight sidewalls 31 transition to a
triangular shaped bottom 33, formed by two converging surfaces. 20FIG. 7
illustrates several annular seals 410 according to a fourth exemplary
embodiment. As shown in the figure, seals 410 are nested to provide
redundant sealing. Body portions 420 establish the distance between the
sealing surfaces. Axial groove 442 creates a cavity by which the pressure P
of the media being sealed can increase the contact forces at the -seal
interfaces  WO 2012/033910PCT/US2011/050819 



resulting in improved sealing performance. FIG. 8 illustrates a pair of
annular seals 510, according to a fifth exemplary embodiment, wherein the
seals are stacked end to end or body portion 520 to body portion 520. In
this arrangement, the pressure P is effectively sealed from either
direction. 5Also contemplated herein are methods of closing a gap between
components, such as cylindrical components, incorporating the seals as
described above. The methods may include the steps of providing a first
metallic ring and inserting it into the gap. The method may further
comprise inserting a second metallic ring into the gap and engaging the
body portion of the second metallic ring with the sealing arms of the first
metallic ring. Alternatively, the method 10 may further comprise inserting
a second metallic ring into the gap and engaging the body portion of the
first metallic ring with the sealing arms of the second metallic ring.
Accordingly, the annular sealing device has been described with some degree
of particularity directed to the exemplary embodiments. It should be
appreciated, however, that the present invention is defined by the
following claims construed in light of the prior art so that 15
modifications or changes may be made to the exemplary embodiments without
departing from the inventive concepts contained herein.  WO
2012/033910PCT/US2011/050819 What is claimed is: I.An annular seal,
comprising: a metallic ring having a cross section including: an axially
extending body portion having a radial width and an axial height; 5a spaced
apart pair of sealing arms extending axially from the body portion, wherein



each sealing arm includes a radially opposed arcuate sealing surface; and
wherein the spaced apart pair of sealing arms are spaced apart a radial
distance greater than the radial width of the body portion. 2.The seal
according to claim 1, wherein the arcuate sealing surfaces are convex.
103.The seal according to claim 1, wherein the axial height of the body
portion is greater than the radial width. 4.The seal according to claim 1,
wherein the spaced apart pair of sealing arms defines a first groove and
further comprising a second groove formed between the spaced apart pair of
sealing arms. 155.The seal according to claim 1, wherein the spaced apart
pair of sealing arms define an axial groove having sidewalls and a bottom,
wherein the bottom has a concave shape.     6. The seal according to claim
1, wherein the spaced apart pair of sealing arms define an axial groove
having sidewalls and a bottom, wherein the bottom comprises two converging
surfaces. 207.The seal according to claim I, wherein the spaced apart pair
of sealing arms defines a groove having an axial groove depth and wherein
the axial height of the body portion is greater than the axial groove
depth. 8.The seal according to claim 7, wherein the arcuate sealing
surfaces are convex. 



WO 2012/033910PCT/US2011/050819       9. The seal according to claim 8,
wherein the axial height of the body portion is greater than the radial
width.       10. The seal according to -claim 9, further comprising a
second groove formed between the spaced apart pair of sealing arms. 511.A
sealing system, comprising: a plurality of interconnected metallic rings
each having a cross section including: an axially extending body portion
having a radial width and an axial height;     a spaced apart pair of
sealing arms extending axially from the body portion, wherein each sealing
arm includes a radially opposed arcuate sealing surface; and 10wherein the
spaced apart pair of sealing arms are spaced apart a radial distance
greater than the radial width of the body portion.       12. The sealing
system according to claim II, wherein the body portion engages the sealing
arms of an adjacent metallic ring.       13. The sealing system according
to claim 11, wherein the arcuate sealing surfaces 15are convex. 



14. The sealing system according to claim 11, wherein the spaced apart pair
of sealing arms defines a first groove and further comprising a second
groove formed between the spaced apart pair of sealing arms.       15. The
sealing system according to claim 14, wherein the body portion engages the
20first groove of an adjacent metallic ring.       16. The sealing system
according to claim 11, wherein the spaced apart pair of sealing arms
defines a groove having an axial groove depth and wherein the axial height
of the body portion is greater than the axial groove depth.  WO
2012/033910PCT/US2011/050819       17. The sealing system according to
claim 16, wherein the body portion engages the groove of an adjacent
metallic ring.       18. The sealing system according to claim 17, wherein
the arcuate sealing surfaces are convex. 519.The sealing system according
to claim 18, further comprising a second groove formed between the spaced
apart pair of sealing arms. 20.A method of closing a gap between
components, comprising: providing a first metallic ring having a cross
section including: an axially extending body portion having a radial width
and an axial height; 



10a spaced apart pair of sealing arms extending axially from the body
portion, wherein each sealing arm includes a radially opposed convex
sealing surface; and     wherein the spaced apart pair of sealing arms are
spaced apart a radial distance greater than the radial width of the body
portion; and inserting the first metallic ring into the gap. 1521.The
method of closing a gap between components according to claim 20, further
comprising inserting a second metallic ring into the gap and engaging the
body portion of the second metallic ring with the sealing arms of the first
metallic ring. 22.The method of closing a gap between components according
to claim 20, further      comprising inserting a second metallic ring into
the gap and engaging the body portion of the 20first metallic ring with the
sealing arms of the second metallic ring. 


