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(57) Abstract: A flexible joint designed to flexibly
connect a pair of conduits (12, 14) and thereby enable
gas, under pressure, to travel between the conduits.
The joint includes a hollow, annular inner member
(16) that is connected to one of the conduits and de-
fines a spherically shaped, convex seal receiving sur-
face (28). The joint includes a hollow annular outer
member (18) that is connected to the other of the con-
duits and defines a spherically shaped, concave seal
receiving surface (32). The outer member is mounted
over the inner member such that the convex and con-
cave surfaces are spaced apart and movable relative
to one another about a common center point. Both
the inner and outer members are open on opposite
sides of their respective spherically shaped surfaces.
The outer member may include an outer part and an
intermediate part which is removably connected to
the outer part. One of the members contains a single
seal ring assembly retainer groove (34) which opens
toward an opposing one of the surfaces and which is
centered on the center point and contains a seal ring
assembly (36). The other of the members contains a
pair of spaced apart and registered seal ring retainer
grooves having a common center line which inter-
sects the center point and that contain seal ring as-
semblies (37, 58). Each seal ring assembly includes
at least one seal ring that conforms to and engages an
opposing one of the seal receiving surfaces.



WO 2004/111512 A2

0 0O

European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI,
SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(ii)) for the following designations AE,
AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ,
CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS,
JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA,
MD, MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM,
PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ,
TM, TN, TR, TT, TZ, UA, UG, UZ, VC, VN, YU, ZA, ZM,
ZW, ARIPO patent (BW, GH, GM, KE, LS, MW, MZ, NA,
SD, SL, §Z, TZ, UG, ZM, ZW), Eurasian patent (AM, AZ,
BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, BE,
BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, IE,
IT, LU, MC, NL, PL, PT, RO, SE, SI, SK, TR), OAPI patent
(BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE,
SN, TD, TG)

as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii)) for the following desig-
nations AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BV,
BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ,
EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID,

IL IN, IS, JP, KE, KG, KF, KR, KZ, LC, LK, LR, LS, LT, LU,
LV, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ,
OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY,
TJ,T™M, TN, TR, TT, TZ, UA, UG, UZ, VC, VN, YU, ZA, ZM,
ZW, ARIPO patent (BW, GH, GM, KE, LS, MW, MZ, NA,
SD, SL, 87, TZ, UG, ZM, ZW), Eurasian patent (AM, AZ,
BY, KG, KZ, MD, RU, T], TM), European patent (AT, BE,
BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, IE,
IT, LU, MC, NL, PL, PT, RO, SE, SI, SK, TR), OAPI patent
(BE, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE,
SN, TD, TG)
—  of inventorship (Rule 4.17(iv)) for US only

Published:
—  without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.



WO 2004/111512 PCT/US2004/016337

FLEXIBLE COUPLING FOR GAS CONDUITS

Technical Field

The invention is in the field of flexible couplings that
connect together multiple conduits. More particularly, the
invention is a flexible coupling that features an outer member
and preferably a two-part outer member. Multiple seal ring
assemblies, located in both parts of the coupling, are employed

to prevent leakage from the coupling.

Background Art

This invention relates to flexible sealed joints for
conduits used to transfer a compressed gas, such as in an
aircraft air duct system, wherein flexing of such joints is
desirable for relieving high thermal and mechanical stresses and
misalignment of connecting conduits.

Broadly speaking, flexible couplings for transferring a
pressurized fluid between two conduits having at least some
limited capability of relieving thermal and mechanical stresses
have long been known and used in the prior art. See for example,
U.S. Pat. No. 5,106,129 granted to L. A. Camacho et al on April
21, 1992 which discloses a coupling having a body portion which
is both translatable in and out of a pair of collars located on
the ends of opposing conduits and rotatable therein. The body
portion can also be tilted between the two collars as when the
centerlines of the two conduits are displaced relative to each
other. U.S. Pat. No. 4,427,220 granted to M. S. Decker on Jan.
24, 1984 discloses a flexible jbint for conduit which is used in
jet engine air bleed duct systems.

A problem that has been encountered using the Decker joint
is that the carbon rings used therein are readily subject to
cracking and breakage with mechanical vibration of the joint.

Further, in order to replace the rings, the joint must be
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removed from the air bleed system and sent to a suitably
equipped repair station to open the joint and change the rings.
It would be desirable to provide a sealed flexible coupling
containing seal rings readily capable of withstanding long term
exposure to mechanical and thermal stresses and vibrations
without cracking and breakage. It would also be desirable to
have a sealed flexible coupling which can readily be taken apart
at the site of its use so that seal rings contained in the
coupling can be easily replaced without the need to remove the
coupling from its attached conduits to a remote repair station.
By means of the present invention, these and other problems
encountered using flexible couplings known in the prior art can

be eliminated.

Disclosure of Invention

It is an object of this invention to provide an improved
flexible coupling for joining a pair of conduits for transfer of
a pressurized gas between the conduits.

It is a further object of this invention to provide a novel
flexible coupling for Jjoining a pair of conduits, which coupling
contains seal rings and which can be disassembled and
reassembled for changing the rings without having to disconnect
the coupling from the conduits.

It is another object of the present invention to provide a
novel flexible coupling for joining a pair of conduits, which
coupling contains seal rings which have enhanced ability to
resist damage due to mechanical vibrations and thermal stresses
to which the coupling may be exposed.

Briefly, in accordance with the present invention, a
flexible coupling for transferring a pressurized gas between a
first conduit and a second conduit is provided. The coupling
includes a hollow annular inner member defining a spherically

curved, convex seal receiving surface. A hollow annular outer
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member is also included which is mounted over the inner member
and which defines a spherically curved, concave seal receiving
surface conforming to and spaced from the convex surface. The
concave surface and convex surface are movable relative to one
another about a common center point. One of the members defines
a first annularly extending seal ring assembly retainer groove
which opens toward an opposing one of the surfaces and which is
centered on the center point. The other of the members defines a
second and at least partially defines a third seal ring assembly
retainer groove. The second and third grooves are parallel to,
in registry with and are spaced apart from one another, such
that a common center line extending between the second and third
grooves always intersects the center point regardless of the
operative orientation of the members relative to one another. An
annular end cap is further included which contains a peripheral
skirt and an end wall defining a circular éentral opening. The
end cap is disposed over the inner member and is connected to
the outer member such that the end wall encloses one end of the
outer member. A series of seal ring assemblies is included
wherein a different one of the assemblies is disposed in each of
the grooves. Each of the assemblies contains at least one seal
ring which projects out of a corresponding one of the grooves,
which seal ring contains the spherically shaped bearing surface
which conforms to and which engages an opposing one of the seal
receiving surfaces.

These and other objects, features and advantages of the
present invention will become apparent to those skilled in the
art from the following detailed explanation and attached
drawings upon which, by way of example, only a preferred and
certain other important embodiment (s) of the present invention

are described and illustrated.
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Brief Description of Drawings

Fig. 1 shows a cross-sectional side elevation view of a
flexible coupling joining a pair of conduits for transfer of
gas, under pressure, between the conduits, thus illustrating a
preferred embodiment of the present invention.

FIG. la shows a partial cross-sectional side elevation view
of the coupling and conduits of FIG. 1, wherein the conduits are
angulated relative to each other.

FIGS. 2a, 2b and 2c show enlarged detail views of three
spring biased, gas pressure energized gas seal ring assemblies
used in the coupling of FIGS. 1 and la.

FIG. 3 shows a cross-sectional side elevation view of a
flexible coupling for joining a pair of conduits for transfer of
a gas, under pressure, between the conduits, thus illustrating
another important embodiment of the present invention.

FIGS. 4a, 4b, and 4c show enlarged detail views of three
spring biased, gas pressure energized gas seal ring‘assemblies
used in the coupling of FIG. 3.

FIG. 4d shows an enlarged detail view of a gas seal ring
assembly that can be substituﬁed in place of one of the seal
ring assemblies of FIGS. 3 and 4c.

FIG. 5 shows a cross-sectional side elevation view of a
flexible coupling joining a pair of conduits for transfer of a
gas, under pressure, between the conduits, thus illustrating yet
another important embodiment of the present invention.

FIGS. 6a, 6b and 6c show enlarged detail views of three
different gas seal ring assemblies used in the coupling of FIG.
5.

FIG. 7 shows an exploded perspective view of an end cap of
the assembly of FIG. 1 and a spanner wrench that can be used to
install and remove the cap on and from an outer member of the

assembly.
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FIG. 8 shows an exploded perspective view of an
intermediate member of the assembly of FIG. 1 and a spanner
wrench that can be used to install and remove the member on and
from an outer member of the assembly.

FIG. 9 shows an exploded perspective view of an outer
member of the assembly of FIG. 1 and a spanner wrench that can
be used to install and remove the outer member on and from an

inner member of the assembly.

Mode (s) for Carrying Out the Invention

Referring now to the drawing figures and, in particular, to
FIGS. 1, la and 2a-2c, there is shown, in a preferred embodiment
of the present invention, a flexible joint or coupling,
generally designated 10, through which a gaseous fluid, under
pressure, can be transmitted between a pair of conventional
hollow conduits 12 and 14. The body of the coupling 10 is
adapted to carry a plurality of separate spring biased, gas
pressure energized seal rings and seal ring assemblies, an O-
ring and a single non-gas sealing mechanical retainer ring,
there being five different locations‘containing such rings
and/or assemblies in the present example. The type and structure
of such rings and ring assemblies used in the coupling of this
invention, will depend upon operating conditions to be
encountered, such as temperature, gas pressure levels, and
permissible levels of gas loss from the coupling itself. The
coupling 10 of the present example contains ring assemblies
adapted for operation at a maximum temperature of about 600°F
and a maximum gas pressure of about 200psi.

The body of the coupling 10, being hollow and open ended so
as to communicate with the conduits 12 and 14, contains three
main hollow and annularly extending members including an inner
member 16, an outer member 18 (which can also include a separate

interconnected intermediate member 20) and a locking or end cap
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22. The inner member, the outer member (including the
intermediate member 20, unless otherwise indicated) and the cap
are generally designated 16, 18 and 22, respectively. The inner
member 16 is attachable on a first axial end portion 24, to the
conduit 12, while the outer member 18 is attachable, on a first
axial end portion 26, to the conduit 14, such as by welding or
other conventional gas tight connection, wherein the coupling 10
is flexibly positioned for gas transfer between the two conduits
as shown. The inner member 16 defines a spherically curved,
convex, radially outwardly facing seal receiving surface 28
formed on a second axial end portion 29. The outer member 18
includes an axial mid-portion 30 which is connected, on one
axial end, to the end portion 26 and which defines a spherically
curved, concave, radially inwardly facing seal receiving surface
32. The concave surface 32 closely conforms to the curvature of
the convex surface 28 and closely opposes at least a portion of
the convex surface, depending upon the orientation of the outer
member 18 relative to the inner member 16, since both members
are moveable relative to each other. How much of the surface 32
directly opposes the surface 28, and vice versa, depends upon
the relative spatial attitude and/or angular displacement
between the inner member 16 and conduit 12, on one hand, and
that of the out member 18 and conduit 14, on the other hand.
Compare, for example, FIG.l, wherein the conduits 12 and 14 and
the inner and outer members 16 and 18 are all aligned on a
common centerline 33, with FIG.la, wherein the inner member and
corresponding conduit are on a centerline 33a, while the outer
member and corresponding conduit are on a separate centerline
33b. The centerlines 33a and 33b, when angulated, always
intersect at a common center point 31 of the convex surface 28
and concave surface 32. The mid-portion 30 of the outer member
18 also defines a first radially inwardly opening groove 35

containing a first spring biased gas pressure energized,
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compression type gas seal ring assembly 37, a bearing surface 39
of which is spherically concave to closely conform to and
slidably engage and seal against the convex surface 28.

The inner member 16 defines a circumferentially extending,
radially outwardly opening groove 34, which is preferably
axially centered on the end portion 29 so as to open on an axial
central part of the convex surface 28. The radial center of the
groove 34 is located at the center point 31. The groove 34
carries an expansion type, spring biased, gas pressure energized
gas seal ring assembly, generally designated 36, which will be
explained in more detail later herein. The outer member 18 also
includes a second end portion 38 which is of generally L-shaped
radial cross-section, as viewed in FIGS. 1l-la. A radially
outwardly extending leg 40 of the second end portion 38 attaches
to a second end of the outer member mid-portion 30. An axially
extending leg 42, of the second end portion 38 is radially
outwardly spaced from the inner member 16 and connects, on one
end thereof, to a radially outer end of the leg 40.

To aid in the installation and removal of the outer member
18, with the ring assembly 37 operatively positioned in the
. groove 35, on and from the inner member 16, with the ring
assembly 36 operatively positioned in the groove 34, a semi-
circular spanner tool 25 (See FIG. 9) can be used. The tool 25
includes a pair of aligned‘handles 41 projecting outwardly from
a semi-circular portion thereof at the ends of and essentially
in the same plane as the semi-circular portion. The concave
surface of the semi-circular portion is sized and shaped to
conform to the periphery of the outer member mid portion 30 in
the plane of a series of, preferably eight, radially outwardly
opening and equally rotationally spaced apart blind holes 87
formed in the outer member 18 (See FIGS. 1, la and 9). A thumb
screw 43 located at the end of each of the handles 41 can be

rotated to extend a pair of pins 45 radially inwardly toward one
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another from within opposite ends of a concave surface of the
semi-circular portion of the tool. By reversing the rotation of
the thumb screws 43, the corresponding pins 45 can be withdrawn
back into the ends of the semi-circular portion. A third pin 47
projecting inwardly from the concave surface of the circular
portion located rotationally mid-way between the retractable
pins is fixed and need not be retractable. It is important that
the pins 45, when extended, and the pin 47 match and align with
three successive ones of the blind holes 87 formed in the outer
member 18 when the tool is operatively positioned over the outer
member in the plane of the blind holes. The tool 25 can be used
to keep the member 18 from rotating as other members of the
assembly 10 are rotated to remove them from the member 18, as
will be explained later herein. (

The intermediate member 20 is disposed radiaily between the
convex surface 28 and ring assembly 36, on its radially inner
side, and the leg 42 of the outer member 18, on its radially
outer side. A first axial end 44 of the member 20 abuts an end
of the mid-portion 30 and the leg 40 of the outer member 18. The
intermediate member 20 includes a spherically curved, concave,
radially inwardly facing surface 46 which closely conforms to
the outwardly facing convex surface 28 of the inner member 16
and, additionally, to a spherically crowned outwardly facing
surface 48 of the ring assembly 36. The concave surface 46
(FIG.1l), of the intermediate member 20 cooperates with the
concave surface 32 of the outer member 18 to oppose the convex
surface 28 in a closely spaced manner, preferably a spacing of
from about 0.005 to about 0.010 inch in the present example at
typical operating temperature. The members 18 and 20 of the
present example are separate and removably connected so that the
coupling 10 can be disassembled and reassembled at the site of
use without removal from the conduits 12 and 14, as when

necessary to change seal ring assemblies contained therein. But,
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when the members 18 and 20 are connected, as shown, they
cooperate as though they were a single, hollow annular outer
member wherein their concave surfaces adjoin in a smooth and
continuous manner. A second axial end portion of the leg 42 of
the outer member 18, on a radially inwardly facing side thereof,
and an opposing radially outwardly facing side of the
intermediate member 20 are threaded and grooved in conformity
with one another, as represented by dashed lines 50, so that
they can be threadably secured to, and removed from, one another
when necessary, such as when changing ring assemblies.

Referring now also to FIG. 8, a tool 53 having a semi-
circular portion and a pair of handles 49 aligned with one
another and projecting outwardly from the opposite ends of the
semi-circular portion, contains a series, preferably five, of
equally rotationally spaced apart pins 57. The pins 57 project
from a side of the tool 53 perpendicular to a plane containing
the side. The pins 57 are adapted to align with and insert into
blind holes 51 (See FIGS. 1,la and 8) in a side of the
intermediate member 20 which opposes a ring assembly 58. The
tool 53, when operatively positioned, can be rotated to
threadably attach the intermediate member 20 to the outer member
18 and to remove the former from the latter while the tool 25 is
used to keep the member 18 from rotating with the member 20.

The locking cap 22 includes an axially extending peripheral
wall 52 and an adjacent cap end wall or shoulder 54 defining a
circular central opening 55. The cap 22 is mounted over the end
portion 24 of the inner member 16 before joining the conduit 12
to the end portion. The peripheral wall 52 contains a threaded
and tapped, axially extending end portion which removably joins
a conformingly threaded and tapped portion formed in a radially
outer surface portion of the end portion 38 of the outer member
18, the adjoining threaded and grooved portions being

represented by dashed lines 56. A third annular gas seal ring
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assembly, generally designated 58, is disposed around and
radially between the convex surface 28 of the inner member 16
and a free end portion of the leg 42 of the outer member 18. The
cap 22, when threadably tightened on the outer member 18, in the
position as shown, compresses the seal ring assembly 58 between
the cap shoulder 54 and a shoulder or ledge 60 on the leg 42 of
the outer member 18. A conventional split steel retaining ring
62 is removably installed in a groove 64 (FIG. 1) in an axial
end portion of the periphery 52 of the cap 22, so as to
interfere with and oppose a radially outer end portion of the
leg 42 of the outer member 18. The retainer ring 62 brevents the
loosening or unthreading of the cap 22 from the member 18 which
could otherwise occur due to mechanical vibrations, thermal
expansion or contraction and the like. The cap end wall 54
completes confinement of the end portion 38, intermediate member
20 and seal ring assembly 58 within the cap 22. In the bresent
example, the outer member 18, including the member 20, and the
shoulder 54 of the cap 22 define a second radially inwardly
opening groove for the ring assembly 58. The retaining ring 62
can be readily accessed for installation, removal and
replacement as desired, through an annular, radially extending
gap between a bore of the ring 62, as installed, and aAradially
inner end of the leg 40 at its joinder with an end of the mid-
portion 30 of the outer member 18. The second seal ring assembly
58 comprises a seal ring (herein also referred to as ring 58) of
generally C-shaped configuration, as viewed in cross section
(FIG. 2b), in that it’s hollow interior 66 (FIG. 2b) is
surrounded by walls on three sides and is open on a fourth side,
as at 68, facing an end surface of the intermediate member 20
(See FIG. 2b). Prior to installation of the ring 58, as shown, a
compressible, canted spring 70 is installed through the opening
68 so as to be confined and compressed within the interior 66 so

as to urge the three walls of the ring 58, as shown, to expand
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outwardly. A radially inwardly facing surface 72 of the ring 58
is spherically curved and is concave so as to closely conform to
and slidably engage the convex surface 28 of the inner member
16. It is important that the shoulder 60 on the leg 42 of the
outer member 18 provide a seat for the ring assembly 58 so that
a small air gap 96 will exist between the assembly and an
opposing end of the member 20, as best seen in FIG. 2b. The
reason for this air gap. 96 will be explained later herein.

The cap 22 contains a series of, preferably eight, blind
notches or slots 59 located in rotationally spaced apart
relationship around an outer peripheral surface portion thereof.
The slots 59 are rectangularly shaped and are open for entry
from a side facing the end wall 54. As shown in FIG. 7, a
spanner wrench 61, having a semi-circular portion containing
rotationally spaced apart rectangularly shaped pins 65
projecting from a concave side thereof and handles 63 projecting
from opposite ends of the semi-circular portion, can be used to
install and remove the cap 22 on and from the outer member 18.
The pins 65 are aligned with and inserted into corresponding
ones of the slots 59 and the handles can be rotated in the plane
of the semi-circular portion to thread the cap 22 onto the outer
member 18 or to remove the cap from the outer member following
removal of the retainer ring 62. Again, during this procedure,
the wrench 25 of FIG. 9 is used to stabilize the outer member 18
to prevent it from rotating as the cap 22 is rotated.

The seal ring assembly 36 of the present example comprises
a pair of canted springs 74 disposed adjacent one another in a
base portion of the groove 34. The assembly 36 further includes
an optional metal expansion ring 76 (FIG. 1) disposed radially
outwardly from the springs 74, axial end portions of which metal
expanéion ring are seated on axially and peripherally extending
shoulders 78 (See FIG. 2c¢) in the opposing sidewalls of the
groove 34. Finally, the assembly 36 includes a suitable filled

11
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plastic seal ring 80, such as a PTFE plastic, having a radially
outwardly facing convex, spherically crowned surface 48 as
previously indicated. As best seen in detail in FIGS. 2a, 2b and
2c, the concave surfaces 32 and 46 of outer member 18 and the
intermediate member 20, respectively, are both very slightly
spaced apart from the convex surface 28 of the inner member 16,
as at gaps 82a, 82b and 82c (gap 82, generally), so that only
the spherically curved seal ring surfaces 39, 48 and 72 of the
first, second and third seal ring assemblies 37, 36 ‘and 58,
respectively, slidably engage opposing spherically curved, seal
receiving surfaces.

The first and second seal ring assemblies 37 and 58,
respectively, are both of the compression type. The seai ring
assembly 36 is of the expansion type. The first seal ring
assembly 37 includes a suitable plastic seal ring 84, such as
?TFE plastic, having the spherically concave surface 39 as
previously explained. The ring 84 contains an L-shaped notch 86
(FIG. 2a) in a radially outer side surface portion in which a
canted spring 88 is disposed in compression. In the assembled
state as shown, the conforming threads and grooves 56, which
adjoin the second end portion 38 of the outer member 18 with an
interior threaded and grooved surface portion of the cap
periphery 52, axially extend from the retainer ring groove 64
(FIG. 1) to a shoulder 90 (FIG. 2b) in an axial central portion
of the leg 42. The peripheral wall 52 of the cap 22 defines an
inwardly opening groove 92 (FIG. 2b) on and around an interior
surface portion thereof. When the cap 22 is threaded tight ontc
the second end portion 38 to capture the ring assembly 58 and
compress it against the shoulder 60, the groove 92 thus becomes
positioned immediately next to the shoulder 90 as shown. The
ring 58 can be formed from PTFE plastic. A conventional O-ring

94 is disposed in compression in and around the groove 92.
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In typical operation, assume that compressed air enters the
coupling 10 through either one of the conduits 12 or 14. In
either case, a quantity of such air will enter the gap 82a,
between the inner and outer members 16, 18, to the left of the
first ring assembly 37, as viewed in FIGS. 1 and la. The first
seal ring 84, with its concave surface 39 slidably bearing
against the convex surface 28 of the inner member 16, will
prevent passage thereacross of a sizable portion of the
compressed air. However, as to any portion of such air which
passes between the seal ring 84 and the underlying convex
surface 28, such portion will proceed along the gap 82b, to the
right of the first ring 84, as viewed, in FIGS. 2a and 2c, until
it encounters the second seal ring 80. The seal ring 80, having
its convex surface 48 slidably bearing against opposing portiohs
of the concave surfaces 32 and/or 46, provides an effective seal
to prevent most of the compressed air presented to the ring 80
from passing across it, to the right thereof, as viewed.
Nevertheless, as to any amount of compressed air which crosses
the ring 80, to the right thereof as viewed, into the gap 82c,
such amount will seep through the air gap 96 (See FIG. 2b),
thence through the opening 68 in the third seal ring assembly 58
to pressurize the ring interior 66 to, thus, expand the walls of
the third ring so that pressurized air is largely prevented from
escaping between the ring surface 72 and opposing convex surface
28 of the inner member 16 and out of the coupling 10 through the
opening 55 in the cap end wall 54. Also, with the interior 66 of
the second ring 58 filled with pressurized air, a radially outer
wall of the ring 58 is urged against an opposing axial end
portion of the leg 42 so that air flow through the gap 96 and
thence between the ring 58 and the leg 42 is largely prevented.
Finally, should some portion of the pressurized air entering the
gap 96 pass between the second ring assembly 58 and the leg 42,

thence around and between a free end of the leg 42 and the cap
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22 and, finally, along and between a radially outer surface of
the leg 42 and the cap periphery 52 to the groove 92, the O-ring
94 provides a fourth and final barrier to the leakage of
compressed ailr from the coupling 10. It is believed that, under
operating conditions, the air pressure in the gaps 82c and 96
will be in the neighborhood of one-half the air pressure in the
gap 82a.

In order to approximately balance the inwardly directed
compression forces of the rings 84 and 58 on opposite sides of
the outwardly directed expansion forces of the ring 80, the area
of the bearing surface 72 of the ring 58 should be larger,
preferably, about twice the area of the bearing surface 39 of
the ring 84. Note the larger size of the ring 58 as compared
with the ring 84 in FIG. 1. In other words, the larger area of
bearing surface 72 will enable seal ring assembly 58 to apply a
load to the inner member that is approximately egqual to the
loading applied to the inner member by the smaller surface area
of bearing surface 39 of seal ring assembly 37. The need for a
larger surface area in the “downstream” seal ring assembly 58 is
a result of its seeing less pressure from any gas located in gap
82c since said gas will have experienced a pressure drop prior
to reaching gap 82c.

The overall magnitude of loading in the coupling is also
preferably balanced. Seal ring assemblies 37 and 58 together
apply an inwardly-directed compression force on the inner member
16. This force is preferably substantially equal in magnitude
to, and effectively counterbalanced by, the outwardly-directed
expansion force applied to the outer member 18 by seal ring 80.

Not only does the coupling provide a balance in the total
magnitude of the forces exerted by the seal ring assemblies, the
locations in which the seal ring assemblies exert their pressure
is also balanced along the axial length of the coupling. This is

achieved by virtue of the placement of the compression-type ring
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assemblies 37 and 58 on either side of the expansion-type seal
ring 80. In the preferred embodiment, there is no creation of
moment on the inner member since assemblies 37 and 58 preferably
apply approximately equal loads at locations that are
equidistant from the center of the spherical portion of the
inner member. Also, in the embodiment shown, since there is only
one seal ring assembly providing a counterbalance to the forces
applied by assemblies 37 and 58, seal ring 80 is located at the
center of the spherical portion of the inner member. In this
manner, inward force applied to the inner member by structure
associated with seal ring 80 will be directed toward the center
of the inner member’s spherical portion.

The end result of having a balance in the total forces
applied by the seals and an axial ‘balance in their points of
application is that overall joint load is evenly distributed and
seal wear 1s both minimized and evenly distributed among the
seals. Furthermore, the distribution and balance of the forces
applied by the seals enables smooth and controlled angulation
(movement of the coupling’s inner member relative to the
coupling’s outer member) without localized points of high stress
or resistance to movement.

The coupling 10 of the present example, is recommended for
use in gaseous environments wherein the gas temperature
typically does not exceed about 600°F and wherein the gas
pressure is typically not in excess of about 200 psi. As used
herein, this temperature and pressure is considered the dividing
line between high and low temperature environments and between
high and low pressure environments, respectively. The convex and
concave surfaces 28 and 32, respectively, are thus operatively
movable relative to one another as a result of mechanical
vibrations or otherwise about the common center point 31 of FIG.
1. The center of the outwardly opening groove 34 is also located

at the center point 31. Finally, the inwardly opening groove 35
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and the groove containing the ring assembly 58 are parallel,
spaced apart and in registry with one another with their common
center line, as at 33 in FIG. 1, always intersecting the center
point 31 for all operative orientations of the convex and
concave surfaces 28 and 32 relative to one another.

Referring now to FIG. 3 and 4a, b and ¢ there is shown, in
another important embodiment of the present invention, a
flexible coupling, generally designated 100, including, as
before, a hollow, annular inner member, generally designated
102, a hollow annular outer member, generally designated 104
(which includes an annular intermediate member 106) and an
annular end cap, generally designated 108, defining a peripheral
skirt 110 and an end wall 112 containing a circular central
opening 114. As in the previous example, the inner member 102
defines a radially outwardly facing, spherically curved, convex
seal receiving surface 116 and the outer member 104 (together
with the intermediate member 106 in combination) define a
radially inwardly facing, spherically curved, concave seal
receiving surface 118. The surfaces 116 and 118 closely conform
to each other in curvature and are closely spaced apart as
indicated by gaps 120a, b and c¢ (120 generally) in FIGS. 4a, b
and c.

As in the previous example, the convex surface 116 occupies
a first end portion of the inner member 102 while a second end
portion 120 of the inner member is adapted for.connection to a
first conduit as by welding or other suitable means. The inner
member 102 defines first circular openings 122 and 124 which are
parallel with and opposite one another across the convex surface
116. The radial centers 126, 128 of the openings 122 and 124,
respectively, are joined by a centerline 130 which extends
through a center point 132 of the convex surface 116. The center
point 132 is also the center of the concave surface 118 for all

operative orientations of the two surfaces under and over one
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another. These features are also present in the assembly 10 of
FIGS. 1 and 1la.

The inner member 102 defines a radially outwardly opening
groove 134 containing an expansion type ring assembly, generally
designated 136. The radial center of the groove 134 is also at
the center 132 of the inner and outer members 102 and 104. The
assembly 136 includes a pair of expansion springs 138 disposed
in a base of the groove 134, a pair of expansion rings 140 and a
pair of seal rings 142 which project out of the groove 134 into
gas sealing engagement with the concave surface 118 of the outer
member 104, including, in combination, the intermediate member
106. The gas sealing or bearing surfaces of the rings 142 are
spherically crowned in conformity with the concave surface 118.

The concave surface 118 of the outer member 104 is also
centered on the point 132 so that the convex surface 116 and
concave surface 118 are always centered on the same center point
132, regardless of their movement and orientation relative to
one another. The outer member 104 defines a first inwardly
opening groove 144 in which is disposed a first compression type
seal ring assembly, generally designated 146. The assembly 146
includes a first compression ring 148 which is biased radially
inwardly against the convex surface 116 by a spring 150. The
ring 148 includes a concave bearing surface which engages the
convex surface 116. The assembly 146 also includes a second seal
ring 152 which has a concave bearing surface which bears upon
the convex surface 116.

The cap 108 is mounted over the convex surface 116 so that
the end wall 112 encloses an end of the outer member 104 and a
corresponding end of the intermediate member 106 to define a
second inwardly opening ring assembly groove 154. The end wall
112 contains a circular central opening 114 through which the
inner member 104 extends. As shown in FIG. 4b, the groove 154

contains a second compression type spring biased and gas
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pressure energized seal ring assembly, generally designated 156.
The assembly 156 includes a first spring biased seal ring 158, a
compression ring 160 and a spring 162. The assembly 156 also
includes a second seal ring 164 which projects from the groove
154 and fits against a shoulder or ledge 166 formed in a
radially inwardly facing side of an end portion of the outer
member 104. See FIG. 4b. The groove 154 is thus defined by the
cap end wall 112, an end portion of the outer member 104, an end
of the intermediate member 106 and the convex surface 116. A
peripheral slot 168 is formed in and around an interior surface
portion of the cap periphery 110 in which is disposed a metallic
‘non-gas pressure energized seal ring 170. The cap 108 may be
threadably secured to the outer member 104 and, likewise, the
member 104 to the interior member 106, the same as in the
previous example. A retainer ring 174 is removably mounted in a
groove located on an interior end portion of the cap periphery
110 of the cap 108. The seal ring assemblies 136, 146 and 156 of
the present example are adapted to function typically at
temperatures up to about 1200°F and at gas pressures up to about
1200psi. The seal rings 148, 152, 142, 158 and 164 can be
constructed of materials such as nickel alloys, corrosion
resistant steel, inconel and the like. FIG. 4d shows the same
ring assembly as at 136 in FIG. 4c, except that a pair of
conventional Marcel springs 139 is substituted in place of
canted springs 138.

Referring now to FIGS. 5 and 6a, b and c there is shown, in
another important embodiment of the present invention, a
flexible coupling, generally designated 176, for transferring a
compressed gas between a pair of conduits 178, 180. A body of
the coupling 176 includes essentially the same three component
parts as in the previous examples, namely, a hollow annular
inner member, generally designated 182, defining a radially

outwardly facing, spherically curved, convex, seal receiving
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surface 184 and a radially outwardly opening ring assembly
retainer groove 186. The coupling 176 also includes a hollow
annular outer member, generally designated 188, which also
includes a threadably interconnected annular intermediate member
190, which cooperate with each other to define a radially
inwardly facing, spherically curved, concave, seal receiving
surface 192. As before, the convex and concave surfaces 184 and
192 closely conférm in curvature and are closely spaced apart in
general opposition to each other as indicated by small gaps
194a, b and ¢ (194 generally) in FIGS. 6a, b and c. As in the
previous examples, the gap 194 between the convex and concave
surfaces 184 and 192 should preferably, be from about 0.005 to
0.010 inches in width. Thirdly, the coupling 176 includes a
locking or end cap, generally designated 196, defining a
circular central opening 198 in an end wall 200 which permits
the end cap to mount over the inner member 182. The cap 196 also
contains a peripheral skirt 202 which can be threadably
interconnected over and to the outer member 188, the threading
being represented by dashed lines 204 in FIG. 5. The outer
member 188 can also be threadably interconnected with the
intermediate member 190 as represented by dashed lines 206 in
FIG. 5. The convex surface 184 and the concave surface 192 are
movable relative to one another about a common center point 208.

The groove 186 includes the same ring assembly 136 as is
disposed in the groove 134 of the previous example. The outer
member 188 defines a first inwardly opening seal ring assembly
retaining groove 210 containing a first compression type, gas
pressure energized gas seal ring assembly 212. The assembly 212
includes a gas pressure energized seal ring 214 of a C-shaped
cross—-section next to a metal seal ring 216. As shown in FIG.
6a, high pressure gas entering the gap 194a enters the ring 214
to expand the same and force the seal ring 216 against an

opposite wall 218 of the groove 210. The seal ring 216 includes
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spherically curved, concave bearing surface 220 which is also
forced into tighter engagement with the opposing convex surface
of the inner member 182 as the pressure energized ring 214
expands.

Placement of the cap 196 over the inner and outer members
182 and 188, respectively, causes a second radially inwardly
opening seal ring assembly retaining groove 222 to be formed as
best seen in FIG. 6b. The groove 222 is thus bounded by the cap
end wall 200, the convex surface 184 (FIG. 5) of the inner
member 182 and an end wall 224 (FIG. 6b) of the intermediate
member 190. High pressure gas entering the groove 222 through
the gap 194c causes a gas pressure energized ring 226 of C-
shaped cross section to open to force a compression type seal
ring 228 against the end wall 224 to prevent gas from escaping
between opposing surfaces of the end wall 224 and the ring 228.
As in the previous example, a metallic non-pressure energized
seal ring 230 is captured in an annular groove formed in an
interior peripheral wall portion of the cap skirt 202. See FIG.
5. A retainer ring 232 is removably positioned in a radially
inwardly opening groove in an end portion of the skirt 202. The
seal ring assemblies 136, 212 and 226, 228 of the present
example are also adapted for use in temperatures typically up to
about 1200°F and gas pressure, up to about 1200 psi.

Referring again to the coupling 10 of FIGS. 1 and la as
being typical of the three examples of the invention disclosed
herein, the maximum angle between the center line 33a of the
member 16 and conduit 12, on one hand, and the intersecting
center line 33b of the member 18 and conduit 14, on the other
hand, referred to as “angulation,” can be at least five degrees
in any direction. As previously mentioned, the ring assemblies
36, 37 and 58 and the O-ring 94 can be replaced without having
to remove the coupling 10 from the conduits 12 and 14 according

to the following procedure:
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First, the retaining ring 62 is removed from the cap groove
64 and allowed to hang loosely, for the time being, around
member 18 or the adjoining conduit 14.

Second, using the spanner wrench 61 of FIG. 7 and with its
pins 65 located in aligned ones of the cap notches 59, the cap
22 is rotated to threadably disconnect it from the member 18
while the spanner wrench 25 of FIG. 9, with its retractable pins
45 extending so that the pins 45 and 47 are inserted into
aligned ones of the blind holes 87 of the member 18, is used to
hold the member 18 stationary. Upon disconnection, the cap 22 is
removed from around the convex surface, to the right as viewed,
and hung loosely around the conduit 12 so as to be out of the
way.

Third, the old O-ring 94 can be removed from the cap groove
92 (FIG. 2b) and the now exposed old ring assembly 58 can be
pulled away from the convex surface 28 toward the conduit 12.
The old O-ring 94 and ring assembly 58 can each be cut into two
pieces for removal and discarding.

Fourth, using the spanner wrench 25 to hold the outer
member 18 stationary, as in the second step and also using the
spanner wrench 53 of FIG. 8 and with its pins 57 inserted in
aligned ones of the blind holes 51 of the intermediate member
20, the member 20 is rotated to threadably disconnect it from
the leg 38 of the member 18. Upon disconnection, the member 20
is also removed from around the convex surface 28, to the right
as viewed, and placed loosely over the conduit 12, to the left
of and next to the cap 22.

Fifth, the members 16 and 18 are separated by pulling them
apart, to the right and left respectively, as viewed. Upon
removal of the ring assembly 37 from engagement with the convex
surface 28, to the left as viewed, the ring assembly can be

removed from the groove 35 and discarded.
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Sixth, with the outer. member 18 removed to the left, as
viewed, from the inner member 16, the now exposed ring assembly
36 can be dug, pried or otherwise removed from the groove 36
and, if necessary, cut into two pieces and discarded.

Having thus removed the old ring assemblies and the O-ring
from the now disassembled coupling 10, new ones of the
assemblies and a new O-ring can now be installed as follows:

First, with the members 16 and 18 pulled apart, to the
right and left, respectively, as viewed, to open a gap between
them, the new O-ring 94 is applied over the member 16 and is
installed in the cap groove 90. See FIG. 2b. The new ring 58,
without spring 66, is then introduced into the gap between the
members 16 and 18. The ring 58, so introduced, can be tilted so
that a semi-circular portion thereof can be slid along the
outwardly expanding portion of the convex surface 28 until it
drops, in a tilted manner, into the now empty central rihg
groove 34. Thereafter, the remaining semi-circular portion of
the ring 58 is moved over an opposing portion of the convex
surface 28 until the ring is fully and loosely disposed in the
groove 34. Then, by pushing a lower portion of the ring 58
upwardly into a corresponding lower portion of the groove 34 so
that an upper portion of the ring projects out of an upper
portion of the groove, the upper ring portion can be tilted, to
the right as viewed, over the inwardly contracting portion of
the convex surface 28. Thereafter, the upper ring portion is
permitted to drop against the convex surface 28 to allow the
lower ring portion to project out of the lower portion of the
groove 34 so that the lower ring portion can be moved along the
opposing inwardly contracting portion of the surface 28 for
placement of the ring loosely on the conduit 12, to the left of
the member 20, as viewed.

Second, the spring 66 is now introduced into the gap

between the members 16 and 18 and is moved over the convex
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surface 28 to a position next to and on the left side of the
ring 58.

Third, the ring assembly 36 is introduced into the gap
between the members 16 and 18 and placed in the groove 34 with
the springs 74 being placed first, the expansion ring 76, if
used, next, followed by the seal ring 80. The ring 76, being a
cut ring, permits opening of the ring as necessary to apply it
over the convex surface 28 into the groove 34. The seal ring 80,
if cut, can likewise, be opened to facilitate placement in the
groove 34. If the ring 80 is not cut or split, since it 1is
constructed of a flexible plastic, it can be stretched
sufficiently to slide over the surface 28 into the groove 34. If
the ring 80 is an uncut plastic ring, the expansion ring 76 may
or may not be used.

Fourth, with the ring groove 35 of the member 18 being
clear of the convex surface 28, the ring assembly 37 is
installed in the groove 35, whereupon the members 16 and 18 are
partially, but almost completely, rejoined by hand to place the
ring assembly 37 over and into engagement with the surface 28.

Fifth, the intermediate member 20 is lifted off of the
conduit 12 and moved to the left, as viewed, while the ring 58,
followed by the spring 66, are separately passed through the
intermediate member, to be placed on the right side thereof, as
viewed, with the spring still to the left of the ring.

Sixth, the spring 66 is now inserted into the ring 58.

Seventh, the spanner wrench 53 of FIG. 8 is used to rejoin
the intermediate member 20 to the leg 38 of the member 18 while
‘the spanner wrench 25 of FIG. 9 is used to hold the outer member
stationary. Rejoinder of the member 20 with the member 18 should
complete any small misjoinder between the members 16 and 18 that
may have existed following the fourth step.

Eighth, using the spanner wrench 61 of FIG. 7, the cap 22

is rotated over and rejoined to the outer member 18, while the
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spanner wrench 25 of FIG. 9 is used to hold the outer member
stationary, thus bringing the ring 58 into proper position under
the outer leg 42 and against the shoulder 60 (FIG. 2b).

Ninth, the retainer ring 62 is reinstalled in the cap
groove 64.

Accordingly, by this procedure, the ring assemblies 36, 37
and 58 and the O-ring 94 can be removed and replaced without the
necessity of removing the coupling from connection to the
conduits 12 and 14 for being disassembled and reassembled at a
remote work station. The retainer ring 62 now prevents the cap
22 from decoupling from the outer member 18 which might
otherwise occur due to vibration, thermal expansion or
contraction or the like during in-service operation of assembly
10.

Although the present invention has been described with
respect to specific details of a certain preferred embodiment
and other important embodiments thereof, it is not intended that
such details limit the scope and coverage of this patent other
than as specifically set forth in the following claims, taking

into consideration reasonable equivalents thereof.

Industrial Applicability

The present invention is capable of being exploited in any
situation where a flexible joint is desired to connect together

multiple conduits.
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CLATIMS
1. A flexible coupling for transferring a pressurized gas
between a first conduit and a second conduit comprising:

a hollow annular inner member defining a spherically
curved, convex, seal receiving surface and an annular seal ring
assembly retainer groove which opens outwardly on sald convex
surface;

a hollow annular outer member mounted over said inner
member and defining a spherically curved, concave seal receiving
surface which conforms to and which is spaced from said convex
surface, said convex surface and said concave surface being
movable relative to one another about a common center point,
said outer member further defining a first annular seal ring
assembly retainer groove which opens inwardly on said concave
surface in opposition to said convex surface;

an annular end cap being connected to said outer member and
having an end wall which encloses one end of said outer member
and which, in combination with said outer member, defines a
second annular seal ring assembly retainer groove which opens
inwardly in opposition to said convex surface;

a series of seal ring assemblies, a different one of said
assemblies being disposed in each of said grooves, each of said
assemblies including at least one seal ring which projects out
of a corresponding one of said grooves and which contains a
bearing surface which conforms to and which engages an opposing
one of said seal receiving surfaces; and

wherein said seal ring assembly retainer groove that opens
outwardly on said convex surface is located in between said
first and second annular seal ring assembly retainer grooves

that open inwardly.

2. The coupling of Claim 1 wherein said inner member comprises a

first open end portion adapted for attachment to said first
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conduit and a second open end portion defining said convex
surface, said outer member comprising a first open end portion
adapted for attachment to said second conduit and a second open

end portion defining said concave surface.

3. The coupling of Claim 1 wherein said outer member is

removably mounted over said inner member.

4, The coupling of Claim 1 wherein said end cap contains an end
wall defining a circular central opening, said end cap being
removably mounted over said inner member and being removably

connhected to said outer member.

5. The coupling of Claim 1 wherein said outer member comprises a
first part and a second part which is separate from and
removably connected to said first part, said first part and said
second part, in combination, defining said concave surface when

operatively connected.

6. The coupling of Claim 1 wherein said convex surface comprises
a portion of a sphere having open opposite ends which are
essentially parallel with one another, said outwardly opening
groove being centered on said center point and being positioned
so as to be essentially parallel to and axially equidistant from

said open opposite ends.

7. The coupling of Claim 1 wherein said end cap is removably

threadably connected to said outer member.
8. The coupling of Claim 1 further comprising a retaining ring

removably connected in an open end portion of said end cap for

preventing separation of said outer member from said end cap.
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9. The coupling of Claim 1 wherein said end cap includes a
peripheral wall which is interiorly threaded and tapped, an
outer peripheral surface portion of said outer member being
exteriorly threaded and tapped, said peripheral wall and said
peripheral surface portion being removably threadably

interconnected.

10. The coupling of Claim 1 further comprising an O-ring being

disposed between said end cap and said outer member.

11. The coupling of Claim 1 wherein said outwardly opening
groove is centered on said center point and wherein said first
and second grooves are parallel to and in registry with one
another and have a common centerline which intersects said
center point for all operative orientations of said convex

surface relative to said concave surface.

12. The coupling of Claim 1 wherein one of said assemblies
disposed in saild first groove comprises:

a first gas seal ring defining an annular notch in a high
gas pressure axial side portion and in an outer peripheral
surface portion thereof; and

a first radially compressed and expansible canted spring
disposed in said notch for providing a minimum seal on a low gas
pressure side of said seal ring against an opposing sidewall of
said first groove, said spring also providing a minimum seal of
the bearing surface of said first seal ring upon said convex

surface.

13. The coupling of Claim 1 wherein said outer member comprises
a first part and a second part which cooperate to form said
concave surface, said second part being disposed between said

convex surface and a leg of said outer member, said second part
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being removably and threadably connected to an inner surface
portion of said leg, said cap being removably and threadably

connected to an outer surface portion of said leg.

14. The coupling of Claim 1 wherein said convex surface forms a
portion of a sphere having opposite open ends which are parallel
to one another, said outwardly opening groove being centered on
said center point and being parallel to and equidistant between

said open ends.

15. The coupling of Claim 1 wherein said seal ring assemblies
each comprise at least one spring biased, gas pressure energized

gas seal ring.

16. The coupling of Claim 1 wherein one of said assemblies which
is disposed in said first groove comprises a first gas pressure

energized gas seal ring defining a peripherally extending notch

in a high gas pressure outer side portion thereof and an annular
canted spring disposed in said notch for biasing said first ring
toward a gas sealing position against a low pressure side

portion of said first groove and against said convex surface.

17. The coupling of Claim 1 wherein said outwardly opening
groove on said convex surface defines annularly extending ledges
on opposite sides thereof, one of said assemblies which is
disposed in said outwardly opening groove comprising a pair of
canted biasing springs disposed beside one another in a base of
said outwardly opening groove and a second PTFE plastic gas seal
ring having a spherically crowned convex bearing surface
conforming to and engaging said concave surface, said second
ring being seated in said outwardly opening groove on said

ledges.
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18. The coupling of Claim 1 wherein one of said seal ring
assemblies which is disposed in said second groove comprises a
third gas pressure energized gas seal ring having a generally C-
shaped radial cross-section defining a hollow annular interior
having an opening facing a radially inner end portion of said
outer member and further comprising a canted biasing spring
disposed in said interior for urging three sides of said third
ring into gas sealing engagement with opposing sides of said
outer member, said convex surface and said end cap, said outer
member defining a shoulder against which said third seal ring
bears for providing a gas leakage gap between a side of said
outer member and an opposing side of said third ring which
contains said opening, said gas leakage gap being in
communication with a space between said convex surface and said
concave surface through which a pressurized gas can be
introduced to gas energize said third ring.

19. The coupling of Claim 1 wherein opposing portions of said
convex surface and said concave surface are spaced apart by said
seal ring assemblies by a distance in a range of from about

0.005 inches to about 0.010 inches.

20. The coupling of Claim 1 wherein an area of the bearing
surface of the seal ring contained in said second groove is
greater than an area of the bearing surface of the seal ring

contained in said first groove.

21. The coupling of Claim 1 wherein said outwardly opening
groove is centered on said center point, said first and second
grooves being parallel and in registry with each other and
having a common center line which intersects said center point
for all operative orientations of said convex surface relative

to said concave surface.
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22. The coupling of Claim 1 wherein one of said assemblies which
is disposed in said second groove comprises a third pair of seal
rings, a compression ring mounted over one of said third pair of
rings which is located on a low pressure side of sald second
groove and a biasing spring which is located between said
compression ring and a base of said second groove, both of said
third pair of seal rings forming, in combination, a single,
continuous concave bearing surface which conforms to and engages

said convex surface.

23. The coupling of Claim 1 wherein one of said assemblies which
is disposed in said first groove comprises a C-ring disposed in
a high pressure side of said second groove and a first seal ring
disposed next to said C-ring in a low pressure side of said
second groove, said C-ring opening toward a high pressure side

of said second groove.

24. The coupling of Claim 1 wherein one of said assemblies which
is disposed in said second groove comprises a third seal ring
disposed in a high pressure side of said second groove and a C-
ring disposed in a low pressure side of said second groove, said

C-ring opening toward said third seal ring.

25. The coupling of Claim 1 wherein one of said assemblies which
is disposed in said first groove comprises a first pair of seal
rings and a biasing spring located between one of said first
pair of rings which is located on a high pressure side of said

first groove and a base of said first groove.

26. The coupling of Claim 1 wherein one of said assemblies which
is disposed in said outwardly opening groove comprises a pair of
biasing springs disposed in a base of said outwardly opening

groove, a pair of expansion rings disposed over said biasing
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springs and a second pair of seal rings disposed over said
expansion rings, both of said second pair of seal rings having
crowned bearing surfaces which, in combination, form a single,
continuous convex surface which conforms to and engages said

surface.

27. The coupling of Claim 5 wherein said second part is disposed
between said convex surface and an axial end portion of said
first part, opposing surface portions of said first part and
said second part being conformingly threaded and tapped so as to

be removably threadably interconnected.

28. The coupling of Claim 5 wherein said first part, said second

part and said end cap cboperate to define said second groove.

29. The coupling of Claim 1 wherein the seal ring located in
said seal ring assembly retainer groove that opens outwardly is
a first seal ring, wherein said first seal ring applies an
outwardly-directed force on said outer member, wherein the seal
ring located in said first annular seal ring assembly retainer
groove that opens inwardly is a second seal ring, wherein the
seal ring located in said second annular seal ring assembly
retainer groove which opens inwardly is a third seal ring,
wherein said second and third seal rings apply an inwardly-
directed force on said inner member, wherein said first seal
ring is located in between said second and third seal rings and
wherein said outwardly-directed force is substantially balanced

by said inwardly-directed force.

30. The coupling of Claim 6 wherein said concave surface
comprises a portion of a sphere having open opposite ends,
axially central planes of said first groove and said second

groove being parallel to each other and, when said convex
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surface and said concave surface are in one position relative to
one another wherein all of said grooves are essentially parallel
to one another, said outwardly opening groove is between and

equidistant from said first groove and said second groove.

31. The coupling of Claim 14 wherein said first groove and said
second groove are parallel to and in registry with one another
and have a common center line which intersects said center

point.

32. The coupling of Claim 20 wherein the bearing surface area of
the seal ring contained in said second groove is about twice the

surface area of the seal ring contained in said first groove.

33. A flexible coupling for transferring a pressurized gas
between a first conduit and a second conduit comprising:

a hollow annular inner member defining a spherically curved
convex seal receiving surface;

a hollow annular outer member mounted over said inner
member and defining a spherically curved concave seal receiving
surface which conforms to and which is spaced from said convex
surface, said concave surface and said convex surface being
movable relative to one another about a common center point, one
of said members defining a first annularly extending seal ring
assembly retainer groove whibh opens toward an opposing one of
saild surfaces and which is centered on said center point, the
other of said members defining a second and at least partially
defining a third seal ring assembly retainer groove, said second
and third ring assembly retaining grooves being parallel to, in
registry with and spaced apart from one another such that a
center line extending between centers of said second and third
grooves always intersects said center point regardless of the

operative orientation of said members relative to one another;
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an annular end cap having a peripheral skirt and an end
wall defining a circular central opening, said end cap being
disposed over said inner member and being connected to said
outer member such that said end wall encloses one end of said
outer member; and

a series of seal ring assemblies, a different one of said
assemblies being disposed in each of said grooves, each of said
assemblies including at least one seal ring which projects out
of a corresponding one of said grooves and which contains a
spherically shaped bearing surface which conforms to and engages

an opposing one of said seal receiving surfaces.

34. The coupling of Claim 34 wherein the one of said members

which defines said first groove comprises said inner member.
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