SYSTEMS AND METHODS FOR PIPE COUPLINGS
Inventor: Sandra Lippka

Priority Data & Incorporation By Reference
5 [0001] This international application claims the benefit of priority to U.S. Provisional
Patent Application No. 61/255,409, filed October 27, 2009, entitled "Systems and Methods
for Pipe Couplings" and which is incorporated by reference in its entirety.
Technical Field
[0002] This invention relates generally to pipe fittings and more specifically devices
10  and methods for coupling fluid conveying piping or tubing.
Summary of the Invention
[0003] Provided are preferred coupling arrangements and their components for
joining pipe or tube segments. In one preferred embodiment, a coupling is provided that
includes a housing; and a gasket disposed in the housing for forming a seal about a pipe joint.
15  The gasket is an annular or ring-type body having a first lateral side and a second lateral side
spaced from the first lateral side so as to define a medial axis therebetween. An exterior or
peripheral surface of the gasket and an inner surface of the gasket extend between the first
.. and second lateral surfaces so as.to.be bisected by the medial axis. The.inner surface. . .
preferably defines a first sealing lip and a second sealing lip. The first and second sealing
20 lips are preferably disposed about the medial axis so as to define a first transition portion of
the inner surface extending between the first sealing lip and the medial axis and a second
transition portion between the second sealing lip and the medial axis. The first and second
transition portions extend in the direction from the sealing lip towards the medial axis and the
peripheral wall so each preferably defines a positive slope. More preferably, the inner

25  surface of the gasket defines a central leg extending along the medial axis. Moreover, the



transition portions provide for a decreases in the thickness of the gasket body in direction
from the lateral sides to the medial axis or central leg.
[0004] Another preferred gasket is provided which includes a first lateral side, a
second lateral side spaced from the first lateral side so as to define a medial axis
5  therebetween. The gasket includes a peripheral surface and an inner surface, each of which

extend between the first and second lateral surfaces so as to be bisected by the medial axis.
The peripheral surface preferably defines a profile having a pair of radiused end portion
disposed about the medial axis with a central portion extending between the two radiused end
portions, the radiused end portions defining the maximum diameter of the gasket. In one

10 embodiment, the central portion defines an arcuate profile that intersects the medial axis.
Alternatively, the central portion profile is substantially linear. In another preferred
embodiment, the inner surface of the gasket defines a first sealing lip and a second sealing
lip, the first and second sealing lips being disposed about the medial axis, the inner surface
including a transition portion extending in the direction from one of the first and second

15 sealing lips towards the medial axis and the peripheral wall so as to define a positive slope.
[0005] A preferred housing for use in a preferred coupling arrangement includes a

first-lateral side for receiving a first-pipe segment and a second lateral side for receivinga- -~ -

second pipe segment. The second lateral side is spaced from the first lateral side to define a
medial axis of the housing. The housing includes an inner surface defining a cavity for

20  engaging the gasket and extends between the first lateral side and the second lateral side so as
to define an inner diameter profile which decreases in a direction from the lateral side to the
medial axis to define a point of contact diameter that engages the gasket. A preferred gasket
disposed in the cavity of the housing has a diameter that is greater than the point of contact
diameter. In one preferred embodiment, the inner surface defines a medial diameter of the

25  housing which is no greater than the point of contact diameter.
2.



[0006] In one preferred embodiment of the housing, the inner surface includes a
sidewall portion; a backwall portion; and a transition portion between the sidewall portion
and the backwall portion. The transition portion preferably defines a negative slope in the
direction from the one lateral side to the medial axis and includes a first radiused portion, a
5 second radiused portion with a straight line segment extending between the first and second

radiused portions. The straight line segment defining the preferred negative slope.
[0007] A preferred method of sealing a pipe joint is provided and includes radially
compressing a tapered inner surface of a housing component on a gasket disposed within a
cavity defined by the inner surface. The gasket has a medial axis, a flex point, and a linear

10 segment between the flex point and the medial axis. The linear segment preferably defines a
positive slope in the direction toward the medial axis. The preferred method further includes
locating a notch defined by the tapered surface between the medial axis and the flex point a
lower point such that the compressing moves a lateral portion of the gasket against a sidewall
of the housing.

15 [0008] Another preferred coupling includes a gasket and a housing having a first
lateral side and a second lateral side spaced from the first lateral side to define a medial axis

———of the'housing. The housing includes an inner surface which defines a cavity for engaging -
the gasket and extends between the first lateral side and the second lateral side so as to define
an inner diameter profile which decreases for at least a portion between at least one of the

20  Ilateral sides and the medial axis. The inner surface includes a sidewall portion, a backwall
portion, and a transition portion between the sidewall portion and the backwall portion. The
transition portion preferably defines a negative slope in the direction from the one lateral side
to the medial axis, and includes a first radiused portion, a second radiused portion with a
straight line segment extending between the first and second radiused portions. The straight

25  line segment defines the negative slope with the first radiused portion having a center of
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~e=—[0009] -~ - The accompanying drawings, which are incorporated herein-and constitute - - - -
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curvature disposed on one side of the straight line, the second radiused portion having a
center of curvature disposed on the other side of the straight line, the first radiused portion
defining a first cavity depth of the housing and the second radiused portion defining a second
cavity depth less than the first cavity depth, the backwall portion defining a third cavity depth
being equal to the second cavity depth. A preferred gasket includes a first lateral side and a
second lateral side spaced from the first lateral side so as to define a gasket medial axis. The
preferred gasket further includes an exterior surface and an inner surface, which extends
between the first and second lateral surfaces so as to be bisected by the medial axis. The
inner surface defines a first sealing lip and a second sealing lip, the first and second sealing
lips being disposed about the medial axis. The inner surface includes a transition portion
extending in the direction from the sealing lip towards the medial axis and the peripheral wall
so as to preferably define a positive slope. The exterior surface defines a profile including a
pair of enlarged end portions disposed about the gasket medial axis of the gasket with a
central portion disposed therebetween. The central portion is preferably radially inward of

the enlarged end portions to engage the backwall portion of the housing.

Brief Descriptions of the Drawings

part of this specification, illustrate exemplary embodiments of the invention, and, together

with the description given above, serve to explain the features of the invention.

[0010] FIG. 1A is a perspective schematic of a preferred coupling arrangement.
[0011] FIG. 1B is an end view of the coupling arrangement of FIG. 1A.

[0012] FIG. 2A is a perspective schematic of another preferred coupling arrangement.
[0013] FIG. 2B is an end view of the coupling arrangement of FIG. 2A.

[0014] FIG. 3A is a partial cross-sectional view of a preferred coupling arrangement

in an uncompressed configuration.
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[0015] FIG. 3B is the coupling arrangement of FIG. 3A in a compressed
configuration.
[0016] FIG. 4A is a preferred housing component for use in the arrangements of

FIGS.1A-1B and FIG. 2A-2B.
[0017] FIG. 4B is another preferred housing component for use in the arrangements

of FIG.S1A-1B. and FIG. 2A-2B.

[0018] FIG. 5A is a preferred gasket for use with the housing component FIG. 4A.
[0019] FIG. 5B is a preferred gasket for use with the housing component FIG. 4B.
[0020] FIG. 5C is another preferred gasket for use with the arrangement of FIGS. 3A-
3B.

[0021] FIG. 6A is a partial cross-sectional view of another embodiment of a coupling
arrangement.

[0022] FIG. 6B is a partial cross-sectional view of another embodiment of a coupling
arrangement.

Detailed Description
[0023] Shown in FIGS. 1A and 1B and FIGS. 2A and 2B, is the formation of a

- ———preferred pipe or tube joint assembly using a preferred coupling arrangement 10, In the
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preferred joint assembly, the pipe or tube end segments 2, 4 are axially aligned along a pipe
axis X—X and a gasket 40 is disposed about the end segments 2, 4. The pipe or tubing may
be copper, steel or other tubular material for forming a joint assembly. A preferred coupling
housing having at least two housing components 12, 14 are engaged about the gasket 40. The
housing components may be separate components as seen in FIG. 1A or alternatively may be
pre-assembled in a coupled arrangement, for example in the hinge-type arrangement shown
in FIGS. 2A and 2B. One preferred hinged coupling for use in the coupling arrangement is

shown and described in U.S. Provisional Application No. 61/255,351, filed on October 27,
-5-
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~——[0025] -~ In'order to complete the formation of the pipe joint, the housing components ™ -
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2009, entitled, "Systems and Methods for Hinge Couplings," and which is incorporated by
reference in its entirety. The housing components may be identical in structure so as to
mirror one another about X-—X or alternatively may be configured differently, so long as
they are configured to engage or align with one another and form the complete coupling
housing about the gasket 40. Moreover the coupling housing can be formed by more than
two components provided the components can be coupled together to effectively engage the
gasket 40 to form the pipe joint as seen, for example, in U.S. Patent No. 6,139,069 which is
incorporated by reference in its entirety.

[0024] Generally, each of the housing components 12, 14 have a first end 16, a
second end 18 with a preferably arcuate segment 20 extending between the first and second
ends 16, 18 for engagement with the gasket 40. Depending on the number of components
forming the housing, the segments can be semi-circular, quarter-circle or define another arc-
length. The ends 16, 18 are preferably configured as bolt pad extensions having through
holes in which fasteners 19 are disposed to secure and/or couple the housing components 12,
14 to one another. The pipe engaging segments 20 further include an inner surface 22 that

defines a gasket cavity 24 for engaging and housing the gasket 40.

12, 14 are disposed over the gasket 40. To form the fluid tight seal, the fasteners are
tightened so as to draw the housings 12, 14 together. As the components 12, 14 are drawn
together, the inner surface 22 of the components compress the gasket 40 to form a fluid tight
seal. The completed assembly defines the central axis C—C of the coupling arrangement 10,
which is co-axially aligned with the pipe axis X-X.

[0026] Respectively shown in FIG. 3A and FIG. 3B are uncompressed and
compressed views of the preferred pipe joint assembly to illustrate the surface contact

engagement between the inner surface 22 of the housing component 12 and the gasket 40.
-6 -



Preferably, the coupling arrangement 10 is symmetrical about a medial axis A—A that
extends perpendicularly to the central axis C—C of the coupling 10. Alternatively, the
arrangement can be asymmetrical, for example, as is the case of a reduced pipe joint
arrangement. The preferred housing 12 and its inner surface 22 define a preferred surface
5  profile 106. The surface profile 106 preferably includes a portion that tapers inwardly toward

the medial axis A—A to define a decreasing inner diameter and form one or more notches 30
disposed about the medial axis A—A. Notches 30 can alternatively be defined by triangles
formed on the inner surface 22 about medial axis A—A in which the vertices extend radially
inward into the cavity 24. Referring to the compressed view of FIG. 3B, the inner surface 22

10 and its profile 106 engage the peripheral surface of the gasket 40 applying a radial
compressive force. The notch 30 and its tapering surface include a point PO that defines an
interior diameter of the inner tapering surface 22 that is smaller than the diameter of the
gasket 40 at the location where the point PO makes contact. Accordingly, in forming a fluid
tight seal in the pipe joint with the coupling arrangement 10, the notch 30 deforms the gasket

15 40 at the point PO of contact preferably radially toward the axis C—C. Due to an interior

channel 58 of the gasket 40, the lateral portion of the gasket 40 folds at a point P1 along the

profile of the channel 58 to form the sealed engagement with the outer surface of the pipe--
segment 2, 4 and the lateral portion of the gasket 40 moves laterally against the inner surface
22 of the housing 12. Internal fluid pressure in the pipe joint can move a central portion of
20  the gasket 40 radially outward to contact the inner surface 22 of the housing at the deepest
part of the gasket cavity 24 to further stabilize the position of the gasket 40 within the cavity
24. For the preferred coupling arrangement 10, the formation of the notch 30 preferably
locates the contact point PO medially inward of the flex point P1 of the gasket relative to the

medial axis A—A such that the contact point PO is medial of the flex point P1. Moreover, the



point PO is preferably located so as not to minimize or negate the ability of the internal fluid
pressure to move the gasket radially outward against the coupling housing,
[0027] FIG. 3A shows a cross-sectional general view of the preferred housing
component 12 having a first lateral side 100 and a second lateral side 102 which define
5  therebetween the medial axis A—A of the housing compenent 12. Extending between the
first and second lateral sides is the body of the component 12 which includes a peripheral
surface profile 104 (seen in FIGS. 4A and 4B as 104' and 104") and a preferred inner surface
profile 106 of the inner surface 22. The inner surface 106 preferably includes to each side of
the medial axis A—A, a pipe engagement portion 108 (shown in FIGS. 4A and 4B as 108’
10 and 108"), a sidewall portion 110, a backwall portion 112, and a transition portion 114
extending between the sidewall and backwall portions 110, 112. The pipe engagement
portion 108 directly engages the outer surface of the pipe segment in the pipe joint assembly
and preferably extends substantially linearly parallel to the central axis C—C of the coupling
arrangement 10. The sidewall portion 110 is contiguous with the pipe engagement portion
15 108 to define a surface for engagement with the sidewall of the gasket 40 in the joint
assembly. The sidewall portion 110 is also preferably substantially linear defining a
-——rpreferably obtuse -angle'z « with line parallel to the medial axis' A--A.- More preferably formed:
between the pipe engagement portion 108 and the sidewall portion 110 is a surface transition
109, which can either be radiused defining a radius of curvature or more preferably defines a
20  step transition between the pipe engagement portion 108 and the sidewall portion 110.
[0028] The backwall portion 112 of the inner surface profile 106 preferably defines
the portion of the housing inner surface 22 which supports a medial portion of the gasket 40
and more preferably define the deepest portion of the gasket cavity 24. Alternatively,
backwall 112 can be located at a depth equivalent to the contact point PO of the notch 30, or

25  atadepth shallower than PO but deeper than point P1 of the gasket. In the preferred
-8-
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embodiment 12, the back wall portion 112 of the inner surface 106 profile is substantially
linear or planar extending in a direction parallel to the central axis C—C of the coupling 10.
Alternatively, the backwall portion 112 can be a single deepest point of contact of the inner
surface 104 for engagement with the gasket 40, Further in the alternative, the backwall
portion 112 can define a segment of the inner surface 106 that defines multiple points of
contact for the gasket 40, in which the multiple points of contact define the deepest point of
the gasket cavity which engage the gasket 40.

[0029] Contiguously extending between the backwall portion 112 and the sidewall
portion 110 of the inner surface profile 106 is the transition portion 114. The transition
portion 114 preferably includes a first radiused end 114a which defines a radius of curvature
contiguous with the sidewall portion 110, and a second radiused end 114b which defines a
radius of curvature contiguous with the backwall portion 112. Alternatively the ends 114a,
114b can be more of a step type transition. Between the ends 114a, 114b the transition
portion 114 preferably defines the notch 30 of the inner surface 22 described above.
Preferably, the transition portion 114 defines a segment 114c¢ of the inner surface profile 106

having a negative slope, meaning that in the direction from a lateral side 100, 102 to the

-~ --———medial -axis-A—A, the depth of the gasket cavity 24 decreases over the length of the sloping

20

segment 14¢ in the lateral to medial direction. Accordingly, the segment 114c defines a
narrowing taper of the inner surface profile 106 for the coupling housing component 12 in the
lateral to medial direction so as to define a decreasing inner diameter of the housing over the
segment 114¢. The segment 114c is preferably linear or alternatively may be defined by an
undulating or other non-linear profile over its length provided the segment defines a
narrowing taper in an area of the inner surface 22 of the housing component 12 that contacts

the gasket 40. The transition portion 114 of the inner surface profile 106 can include a
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combination of linear and nonlinear segments provided that the transition portion 114
effectively defines a notch 30 as described above.

[0030] Shown in FIG. 4A is a preferred housing component 12' for a preferred
nominal six inch (6 in. or 15 cm) coupling 10". The component has a first lateral side 100"
and a second lateral side 102' spaced apart from one another to define the medial axis A—A'
of the housing component 12'. The lateral sides 100", 102' define the width W of the coupling
10" about the rﬁedial axis A'—A' in which the width W preferably ranges from about 1.5 to
about three inches (or 3.810 cm to about 7.620 cm) and is approximately 1.8 inches (or 4.572
cm). The housing component 12' includes a peripheral surface 104' which defines the outer
surface of the coupling assembly 10". The housing component 12' further includes an inner
surface profile 106' to define the gasket cavity 24' for housing a gasket 40. The preferred
inner surface profile 106' is symmetrical about the medial axis A'—A' and includes at its
lateral end the pipe engaging surface 108'. Extending medially, the inner surface profile 106'
further includes the sidewall portion 110" with a substantially step transition 109' between the
pipe engagement portion 108’ and the sidewall portion 110". The sidewall segment 110’ is

preferably linear with a positive slope such that the depth of gasket cavity 24 increases in the

-———/ateral to medial direction over the length-of-the sidewall segment 110". The sidewall
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segment further preferably defines a preferred angle o/ about twenty degrees (20°) with
respect to a line parallel to the medial axis A'—A'. The sidewall segments 110' are spaced
about the medial axis A~—A' to accommodate the thickness of the gasket 40.

[0031] The backwall portion of the inner surface profile 106' of the housing
component 12' preferably defines the deepest depth Hmax of the gasket cavity 24", which is
preferably about one-half inch (0.5 inch. or 1.270 cm) from a baseline B located in the plane
of the pipe engagements surfaces 108'. In the complete coupling assembly 10, the backwall

portion 112 defines the maximum inner diameter of the coupling 10° which is preferably
-10-
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about seven inches (7 in. or 17.780 cm). The backwall portion 112 is preferably linear
extending parallel to the coupling axis C—C to define the minimum width of the cavity 24.
[0032] Extending between the sidewall portion 110' and the backwall portion 112" is
the transition portion 114'. The transition portion 114' preferably includes a first radiused
portion 114'a contiguous with the sidewall portion 110' and a second radiused portion 114'b
contiguous with the backwall portion 112". The transition portion 114" includes a preferably
linear segment 114'c that defines a narrowly tapering portion of the inner surface 22' in the
lateral to medial direction between points P'1 and P'2 to define a notch 30" and a decreasing
inner diameter over the segment 114c". Point P'l is preferably located at the end of the
sidewall portion 110' and the concavely radiused portion 114'a having a preferred radius of
curvature of under 0.1 inch (or 2.54 mm) and preferably about 0.06 inch (or 1.524 mm).
Point P2 is located at the end of the linear segment 114'c and contiguous with a convexly
radiused portion 114'd having a radius of curvature of under 0.1 inch (or 2.54 mm) and
preferably about 0.06 inch (or 1.524 mm). Moreover P1 is preferably located at a cavity
depth h1 measured from the baseline B, and P2 is preferably located at a cavity depth h2 from

the baseline B in which h2 is less than hl.

~—————[0033]. - Shownin FIG. 4B is-a-preferred-housing component-12" for a preferred
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nominal two inch (2 in. or 5 cm) coupling 10". The component has a first lateral side 100"
and a second lateral side 102" spaced apart from one another to define the medial axis A"—
A" of the housing component 12". The lateral sides 100", 102" define the width W" of the
coupling 10" about the medial axis A"—A" in which the width W" preferably ranges from
about 1.5 to about 2 inch (or 3.810 cm to about 5.08 cm) and is approximately 1.8 inch (or
4.572 cm). The housing component 12" includes a peripheral surface 104" which defines the
outer surface of the coupling assembly 10". The housing component 12" further includes an

inner surface 106" to define a gasket cavity 24" for housing a gasket 40. The preferred inner
-11-



surface 106" is symmetrical about the medial axis A"—A" and includes at the lateral side the
pipe engaging surface 108". Extending medially, the inner surface 106" further includes the
sidewall portion 110" with a substantially step transition 109" between the pipe engagement
portion 108" and the sidewall portion 110". The sidewall portion 110" generally defines a
5  positive slope such that the depth of the gasket cavity 24" increases in the lateral to medial

direction over the length of the sidewall segment 110" to define a preferred angle ¢/ about
thirty degrees and preferably about twenty-seven degrees (27°) with respect to a line parallel
to the medial axis A"—A". The sidewall segments 110" are spaced about the medial axis
A"—A" to accommodate the thickness of the gasket 40.

10 [0034] The backwall portion of the inner surface 106" of the housing component 12"
defines the deepest depth Hmax' of the gasket cavity, which is preferably about 0.5 inch (or
1.270 cm) from a baseline B" that is located in the plane of the pipe engagements surfaces
108". In the complete coupling assembly 10", the backwall portion 112" defines the
maximum inner diameter of the coupling 10" which is preferably about three inches (or 7.620

15 cm). The backwall portion 112 is preferably linear having a length extending parallel to the
coupling axis C—C to define a minimum width of cavity 24. Extending between the sidewall

- --——portion 110" and-the backwall portion 112" is the transition portion-114". The transition
portion 114" preferably includes a first radiused portion 114"a contiguous with the sidewall
portion 110" and a second radiused portion 114"b contiguous with the backwall portion 112",

20 [0035) The transition portion 114" includes a preferably linear segment 114"¢ having
a negative slope that defines a narrowly tapering portion of the inner surface 106" in the
lateral to medial direction between points P"1 and P"2 to define notch 30" and a decreasing
inner diameter over the segment 114¢". Point P"1 is preferably located at the end of the
sidewall portion 110' and the concavely radiused portion 114"a having a preferred radius of

25  curvature of under 0.1 inch (or 2.54 mm) and preferably about 0.06 inch (or 1.524 mm).
-12-
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Point P2 is located at the end of segment 114'c contiguous with a convexly radiused portion
114'd having a preferred radius of curvature of under 0.1 inch (or 2.54 mm) and preferably
about 0.06 inch (or 1.524 mm). Moreover P"1 is preferably located at a cavity depth hl
measured from the baseline B", and P"2 is preferably located at a cavity depth h2 from the
baseline B" in which h2 is less than h1.

[0036] As previously noted, the notches 30 defined along the inner surfaces of the
housing components 12 described above are configured to apply a radially inward
compressive force against the gasket 40 to improve and/or maintain the fluid tight seal of the
gasket 40. In particular, the notches 30 define a tapered or wedge surface along the inner
surface 22 of the coupling housing component 12 to apply a force to the peripheral surface of
the gasket in a direction radially inward toward the coupling center C—C and laterally
outward toward the sidewall portions 110 of the housing 12. Gaskets 40 preferably for use
with the coupling housings described herein are annular or ring-type bodies defining a gasket
center axis G—G for alignment with axis coupling C--C.

[0037] Shown in FIG. 5A is a preferred nominal six inch (6 in. or 15 cm) gasket 40

for use with the preferred nominal six inch (or 15 cm) coupling 10' of FIG. 4A. The gasket

-- -————annular body 42 has-a first sidewall 44 for receiving the first pipe segment 2, a second
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sidewall 46 for receiving the second pipe segment 14. The second sidewall 46 is spaced from
the first sidewall 44 to define a medial axis B—B therebetween that extends perpendicular to
the gasket central axis G--G. The annular body 42 includes an outer peripheral surface 48
and an inner surface 50 radially spaced from the gasket center axis G--G. Each of the
peripheral and inner surfaces 48, 50 are preferably symmetrical about the gasket medial axis
B—B and are moreover, preferably contiguous with the sidewalls 44, 46 of the gasket having
a radiused corner defining the transition between the sidewalls 44, 46 and the peripheral and

inner surfaces 48, 50 of the gasket.
-13 -
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[0038] In cross-section, the inner surface 50 defines a pair of sealing lip surfaeces 52
that are disposed preferably equilaterally about the medial axis B—B. The sealing lip
surfaces 52 directly engage the outer surface of the pipe segments to form a fluid tight seal
upon application of a sufficient compressive force about the gasket 40. The sealing lips 52
define a profile that, in the uncompressed state of the gasket 40, defines an obtuse angle with
a line parallel to the medial axis B—B the profile sealing lips can include linear portions,
radiused portions and/or combination thereof. Preferably formed with and depending from
the inner surface 50 along the medial axis is a central leg portion 54. The central leg acts as a
buffer and divider between the ends of the pipe segments being joined together, as seen for
example, in FIG. 3A and 3B. The profile of the preferred central leg 54 tapers narrowly in
the axial direction along the medial axis A~—A' varying in thickness over its axial length
from about 0.1 inch (or 2.54 mm) to about 0.2 inch (5.08 mm).

[0039] The inner surface 50 of the preferred gasket 40' further includes a transitional
segment 56 which connects the sealing lip surface 52 to the central leg 54. The transitional
segment 56 defines a cavity or channel 58 between the sealing lip surface and the central leg
54. The cavity 58 defined by the transitional segment 56 provides a void into which the
gasket body 42 can fold-onto itself under the compressive forces of the housing components - - -
12, 14 of the coupling 10 and the fluid pressure conveyed in the pipe segments and through
the pipe joint. The transitional segment 56 preferably includes a combination of radiused
portions and linear portions to connect the sealing lip surface 52 to the central leg 54.

[0040] In the preferred embodiment of FIG. 5A, the transitional segment 56 includes
a first portion 56a that preferably initiates with a first convexly radiused portion R1 that is
contiguous with a linear segment that extends laterally toward the sidewall 44, 46 and
peripherally toward the peripheral surface 48 to a second radiused portion R2 about which the

gasket body 42 folds. The transitional segment 56 further preferably includes a second
-14 -
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portion 56b which is preferably initially a line segment contiguous with the second radiused
portion R2 and extends medially toward the medial axis A—A and toward the peripheral
surface 48 of the gasket to a preferably third radiused portion R3 contiguous with the central
leg 54. The preferred geometric profile and in particular the positively sloping segment 56
provide for a desirable gasket channel 58 in which the depth of the channel 58, as measured
from a line parallel to the gasket axis C—C, increases in the lateral to medial direction.
Accordingly, the body 42 of the gasket 40 decreases in its radial thickness for at a portion of
the body 42 over the lateral to medial direction.

[0041] For the preferred gasket 40 of FIG. 5A the angled sidewall surfaces 44, 46 are
spaced apart to define a gasket thickness which ranges from a minimum thickness at the
peripheral surface of about 0.9 inch (or 2.286 cm) to a maximum thickness of the entire
gasket 40 of about 1.1 inches (or 2.794 cm). The preferred gaskets are preferably
dimensioned to slip on the ends of the pipe segments with at least a portion of the sealing lip
surface 52 forming a surface contact with the outer surface of the pipe segments and the
central leg 54 engaging the end surface of the pipe segment. For a nominal 6 inch (or 15 cm)

pipe segment, the peripheral surface 48 defines a preferred outer diameter Dmax for the

.. ——gasket 40.to.be about seven inches (or-17.780 cm). The central leg 54 defines a preferred -

20

minimum interior diameter Dmin of the gasket of about 5.75 inches (14.605 cm), and the
sealing lips 52 define a preferred diameter D at its most medial end of about six inches (or
15.240 cm). The width of the central leg 54 preferably tapers in the radial direction toward
gasket axis G--G.

[0042] For the preferred inner surface 50 of the nominal 6 inch (or 15 cm) gasket, the
third radiused portion R3 includes a preferred radius of 0.06 inch (or 1.524 mm) and is

located medially closer to axis B—B than R2. The second radiused portion R2 includes a

-15-
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preferred radius of about 0.03 inch (or 0.762 mm) and is located closer to the gasket axis G—
G than the R3.

[0043] Shown in FIG. 5B is another preferred gasket 40', which incorporate similar
features of the previous embodiment, but is preferably dimensioned and configured for
nominal two inch (2 in. or 5 cm) pipe segments. In particular, the peripheral surface of the
gasket 40' defines a diameter Dmax of about three inches (or 7.62 cm), the central leg 54
defines a preferred minimum interior diameter Dmin of the gasket of slightly under two
inches (or 5.08 cm) with the sealing lips 52 defining a preferred diameter D at their most
medial end of about two inches (or 5.08 cm). For the preferred inner surface 50' of the
nominal 6 inch (or 15 cm) gasket, the third radiused portion R3' includes a preferred radius of
0.06 inch (or 1.524 mm) and is located medially closer to axis B—B' than R2'. The second
radiused portion R2' includes a preferred radius of under 0.1 inch (or 2.54 mm) and is located
closer to the gasket axis G—@G than the R3".

[0044] Referring again to FIG. 3B and the compressed state of the preferred coupling
arrangements 10, the low point PO of the notch 30 of the housing component is located

medially inward of the a point P1 on the preferred second radius R2 of the gasket 40 about

...—which the gasket.folds.. This preferred configuration provides.for a surface contact between

the inner surface 22 of the housing component 12 and the peripheral surface 48 of the gasket
40 which provides for a force having a horizontal component in the lateral direction to
improve or maintain the contact between the sidewall portion 110 portion of the housing
component 12 and the sidewall 44, 46 of the gasket 40 in order to maintain or increase the
sealed engagement between the gasket and the outer surface of the pipe segments.

[0045] For each of the preferred gaskets 40, 40", the peripheral surface 48 defines a
profile that is substantially planar extending parallel to the central axis C-C of the gasket. In

another alternative embodiment of the gasket 40™, shown in FIG. 5C, the peripheral surface
-16 -
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48™ defines a profile that is non linear. In particular, the peripheral surface 48" preferably
defines a profile that is symmetrical about the medial axis of the gasket B"-B" with two
enlarged end portions 60" and a central portion 62" located radially inward of the radiused
end portions 60". In the embodiment of FIG. 5C the central portion 62" is preferably arcuate
and symmetrical about the medial axis B"—B". The end portions 60" provide a fransition
profile between the gasket sidewalls 44™, 46™ and the central portion 62" of the peripheral
surface. The profile of the end portion 60™ can be defined by radiused segments,
substantially linear segments or a combination of both. The surfaces of the end portions 60™
alone or in combination with the central portion 62" define a surface of the gasket that can
engage the preferred tapered surface of the notch 30 in the coupling housing components
described herein to provide a normal force directed laterally in the direction of the sidewall
portion of the gasket housing. The diameter of the gasket 40" preferably varies from one
lateral side of the gasket to the next. Preferably, the radiused end portions 60™ define a
greater diameter of the gasket 40" than the central portion 62", and more preferably the end
portions 60™ define the maximum diameter of the gasket 40™ with the center of the arcuate
portion 62" defining a percentage of the maximum gasket diameter ranging from about 90
percent to. about 99 percent (90-99%). Accordingly, the gasket diameters defined at the end -
portions 60" and central portion 62" can define between one another a percent differential in
the gasket diameter profile that ranges between one to about ten percent (1-10%).
Alternatively, each of the end portions 60™ and central portion " can define a perpendicular
to the medial axis B"—B" that further defines a radial differential Rp along the medial axis
B"-B™ that can be about 0.1 inch (or 2.54 mm) or less.

[0046] In view of the above descriptions of both the preferred gaskets and housings,
alternative pipe coupling arrangements are possible. For example, as shown in FIGS. 6A and

6B are schematic cross-sectional illustrations of pipe coupling arrangements that use an
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alternate embodiment of the gasket 40™. More specifically, shown in FIG. 6A is an alternate
embodiment of the gasket 40", the peripheral surface 48™ defines a profile having two
enlarged end portions 60" with a substantially linear central portion 62" therebetween that
runs substantially parallel to the gasket axis G—G and/or coupling axis X--X. Inthe
arrangement of FIG. 6A, a housing 12 is provided having an inner surface 22 with a profile
106 that substantially mirrors the peripheral surface 48" in a substantially dovetail fashion.
More specifically, the inner surface 22 has an inner surface profile 106 in which the backwall
portion 112 is preferably at the same cavity depth and contiguously formed with the notches
30 so as to define a centralized surface that engages the substantially central linear portion
62" of the gasket 40" in the assembled coupling arrangement. The backwall portion 112
preferably engages the central linear portion 62™ substantially along its length. The inner
surface profile 106 results in a pair of lateral recesses symmetrically disposed about the
backwall portion 112 for housing the radiused end portions 60™. In the embodiment of FIG.
6A, the notches 30 parallel and/or engage the substantially linear surface segments of the end

portions 60™ so as to provide the force in the lateral direction toward the sidewalls of the

housing segment 12.

. [0047] The preferred. gaskets 40, 40', 40™ described herein can be used with housing:

20

25

components that do not include notches 30. Accordingly, the preferred gaskets 40, 40, 40™
can be used with known housings. The inventor has discovered a preferred radial differential
Rp range as defined between the enlarged end portions 60" and central portion 62™ of the
gasket 40" for which a housing having a notch 30 is preferred. For a radial differential Rp of
greater than 0.06 inch (or 1.524 mm) a notch is desirable to provide the normal force having a
laterally directed component. For a radial differential Rp of about 0.06 inch (or 1.524 mm) or
less, the coupling arrangement may employ a housing without a notch along the inner

surface. For example, shown in FIG. 6B is the gasket 40™ with a housing 12 in which the
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inner surface 22 does not have a notch 30. The enlarged end portions are configured to
engage the housing inner surface 22 such that in the assembled coupling configuration, the
lateral walls 44™, 46™ of the gasket 40" are directed laterally and the central portion 62™ is
directed radially outward toward the backwall of the housing. In the gasket 40™, the profile

5  ofeach enlarged end portion 60" is preferably defined by a linear segment for engaging the
housing backwall with preferably radiused portions on each side that are respectively
contiguous with the central portion 48™ and lateral sidewall of the gasket. The enlarged end
portion 60" and central portion 48" preferably define a radial differential Rp of about 0.06
inch (or 1.524 mm).

10 [0048] As noted above, the transitional segment 56" along the inner surface 50™ of
the gasket can iclude a combination of varying radiused portions and/or linear portions to
connect the sealing lip surface 52 to the central leg 54. For example, the transitional segment
56™ can consist of two or more radiused segment 56a, 56b, 56¢, 56d extending from the
sealing lip surface 52" to the central leg 54" such that the channel 58" is substantially tear-

15  dropped shaped. Alternatively, the transitional segment 56" can include one or more linear

segments as seen for example in FIGS. 6A and 6B. Moreover, the transitional segment 56™

to maintain a desired strength or resiliency in the gasket 40™. Accordingly, the transitional
segment 56" and channel 58" can be configured such that the central portion 48" and a

20  tangential off the most radially outward portion of the channel 58" perpendicular to the
medial axis define a radial thickness of the gasket being about 0.1 inch (or 2.54 mm) to about
0.175 inch (or 4.445 mm).
[0049] Other aspects of the gaskets may be varied, such as for example as seen in
FIG. 6B, the sealing lip surface 52" can include a combination of radiused and/or linear

25  segments to define a series of transition points 52a™, 52b", 52¢™, and 52d". The transition
-19-
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52d" preferably defines a first inner diameter of the gasket that is greater than the nominal
diameter of the pipe being joined. The transition 52¢™ and 52b™ preferably define
respectively, the maximum and minimum pipe diameter for the given nominal pipe diameter.
The innermost transition point 52a™ is radially located relative to the gasket center so as to
5  provide a sufficient seal about an outer pipe surface that may be out of round for the given

nominal pipe size. The preferred coupling arrangements described herein are preferably used
to couple pipe or tubing and in particular copper or steel piping. The coupling arrangements
of FIGS. 6A and 6B are well suited for joining steel pipe or tubing because the preferred
sealing lip surfaces can effectively address large dimensional variations that may be

10 experienced in joining nominal sized steel piping. The preferred gaskets are preferably
dimensioned to slip on the ends of the pipe segments with at least a portion of the sealing lip
surface 52" forming a surface contact with the outer surface of the pipe segments and the
central leg 54" engaging the end surface of the pipe segment. For a nominal four inch (4 in.
or 10 cm) pipe segment, the peripheral surface 48" defines a preferred maximum outer

15  diameter for the gasket 40™ to be about five and a half inches (or 13.97 cm) and more
preferably 5.4 inches (or 13.716 cm). The central leg 54" defines a preferred minimum

interior diameter of the gasket of about four inches (or 10.16 cm), and the sealing lips 52"

define a preferred diameter at its most medial end of about four and a half inches (or 11.43
cm) and more preferably 4.4 inches (or 11.176 cm). The width of the central leg 54"

20  preferably tapers in the radial direction toward gasket axis. For the preferred gasket 40™ the
angled sidewall surfaces 44™, 46™ define an average thickness of about one inch (or 2.54 cm)
and more preferably a minimum thickness at the peripheral surface of about 0.9 inches (or
2.286 cm) and a maximum thickness of the gasket 40™ of about 1.2 inches (or 3.048 cm).
[0050] Shown and described above are a preferred embodiments of nominal six, four

25  and two inch (or 15, 10, or 5 cm) coupling arrangements. The preferred arrangements can
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range in size from a nominal one to twelve inch (1 in. -12 in. or 2.5 cm to 30 cm) coupling.
Known gasket configurations may be used with the preferred housing components 10
described herein. For example, as shown in FIGS. 9A and 9B of U.S. Patent No. 61/255,351,
standard style "C shaped" or "Tri-seal" gaskets as identified at page 12 in Tyco Fire &
Suppression Products Publication IH -1000FP, entitled, "Grinnell®- Grooved Fire Protection
Installation Manual" (Aug. 2007) can be used in the preferred coupling assemblies 10, 10'. A
copy of page 12 from the installation manual is provided in U.S. Patent No. U.S. Provisional
Application No. 61/255,409, which is incorporated by reference in its entirety.

[0051] While the present invention has been disclosed with reference to certain
embodiments, numerous modifications, alterations, and changes to the described
embodiments are possible without departing from the sphere and scope of the present
invention. Accordingly, it is intended that the present invention not be limited to the
described embodiments, but that it has the full scope defined by the language of the following

claims, and equivalents thereof.
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What is claimed is:

1. A coupling comprising:
a housing having

a first lateral side for receiving a first pipe segment;

a second lateral side for receiving a second pipe segment, the second lateral
side being spaced from the first lateral side to define a medial axis of the housing; and

an inner surface defining a cavity, the inner surface extending between the
first lateral side and the second lateral side so as to be bisected by the medial axis and define
an increasing depth of the cavity from the lateral side to the medial axis, the inner surface

defining a profile between one of the lateral sides and the medial axis, the inner surface

profile haviﬁg;

a sidewall portion;

a backwall portion; and

a transition portion between the sidewall portion and the backwall
portion, the t'ransition portion defining a negative slope in the direction from the one lateral
~ sideto the medial axis, the transition portion defines a notch along the inner surface of the
housing, the notch includes a first radiused portion, a second radiused portion with a straight
line segment extending between the first and second radiused portions, the straight line
segment defining the negative slope; and

a gasket disposed in the housing cavity for forming a seal about a pipe joint, the

gasket including:
a first lateral side;

a second lateral side spaced from the first lateral side;

-22-



an exterior surface and an inner surface, the exterior and inner surfaces
extending between the first and second lateral surfaces, the gasket being disposed in the
housing such that the peripheral and inner surfaces are bisected by the medial axis of the
housing, the inner surface defining a central leg extending along the medial axis, the inner
surface further defining a first sealing lip and a second sealing lip, the first and second sealing
lips being disposed about the central leg so as to define a first flex point and transition
segment of the inner surface extending between the first sealing lip and the central leg and a
second flex point and transition segment between the second sealing lip and the central leg,
the first and second transition segments extending in the direction from the sealing lip
towards the medial axis and the peripheral wall so as to define a positive slope,
wherein In an assembled configuration, the housing engages the gasket so as to locate
--—- - - -———the notch of the housing between the flex point and the medial axis and fold the gasket about -
the first and second flex points such that at least one of the first and second lateral sides of the

gasket are directed laterally against the sidewall portion of the inner surface of the housing.

2. A pipe coupling comprising:
a housing having
T a first lateral side for receiving a first pipe segment;

a second lateral side for receiving a second pipe segment, the second lateral
side being spaced from the first lateral side to define a medial axis of the housing; and

an inner surface defining a cavity, the inner surface extending between the
first lateral side and the second lateral side so as to be bisected by the medial axis and define
an increasing depth of the cavity from the lateral side to the medial axis, the inner surface
having a sidewall portion and a backwall portion; and

a gasket including:

-23.



a first lateral side and

a second lateral side spaced from the first lateral side;

a peripheral surface and an inner surface, the peripheral and inner surfaces
extending between the first and second lateral surfaces, the gasket being disposed in the
housing such that the peripheral and inner surfaces are bisected by the medial axis of the
housing, the inner surface defining a first'sealing lip and a second sealing lip, the first and
second sealing lips being disposed about tﬂe medial axis, the inner surface including a flex
point and a transition segment extending in the direction from one of the first and second
sealing lips towards the medial axis and the peripheral wall so as to define a positive slope,
the peripheral surface defining a profile having a pair of end portions disposed about the
medial axis with a central portion extending between the two end portions, the end portions

e ~——qlefining the maximum diameter of the gasket,
wherein in an assembled configuration, the inner surface of the housing engages the
end portions to compress the gasket so as to fold the gasket about the flex point and direct at
least one of the first and second lateral sides of the gasket laterally against the sidewall

portion of the inner surface of the housing.

3. A method of sealing a pipe joint comprises:
radially compressing an inner surface of a housing component on a gasket disposed
within a cavity defined by the inner surface, the gasket having an exterior surface and an
interior surface bisected by a medial axis, the inner surface defining an interior channel, the
inner surface including a flex point, and a segment between the flex point and the medial

axis, the segment defining a positive slope in the direction toward the medial axis; and



locating a portion of the inner surface of the housing component to compress the
exterior surface such that the compressing folds the gasket about a flex point and moves a

lateral portion of the gasket against a sidewall of the housing.

4. The method of claim 3, further comprising moving a central pertion of the exterior

surface toward a backwall of the housing.

5. The coupling of claim 2, wherein in the assembled configuration the central portion of

the peripheral surface is directed outwardly toward the backwall of the housing.

6. The coupling of claim 1, wherein in the assembled configuration a central portion of

the exterior surface is directed outwardly toward the backwall of the housing.

7. The coupling of claims 5 and 6, wherein in an uncompressed state the central portion is

one of substantially linear or substantially arcuate.

8. The coupling of claim 1, wherein the exterior surface of the gasket defines a profile
having a pair of end portions disposed about the medial axis with a central portion extending

between the end portions, the end portions defining the maximum diameter of the gasket.
9. The coupling of claim 2 or claim 6, wherein the énd-portions are radiused.

10.  The coupling of claim 2, wherein the inner surface of the gasket defines a central leg

extending along the medial axis.

11.  The coupling of any one of claims ! and 2, wherein the transition segment comprises at

least one of a radiused portion and a linear portion.

12.  The gasket of claim 11, wherein the transition segment comprises a radiused portion

defining the positive slope.
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13.  The gasket of claim 11, wherein the transition segment comprises a linear portion

defining the positive slope.

14.  The coupling of claim 2, wherein the inner surface of the housing includes a first

radiused portion, a second radiused portion with a straight line segment extending between

the first and second radiused portions.

15.  The coupling of any one of claim 1 or 14, wherein the first radiused pertion has a
center of curvature disposed on one side of the straight line, the second radiused portion
having a center of curvature disposed on the other side of the straight line, the first radiused
portion defines a first cavity depth of the housing and the second radiused portion defines a

second cavity depth less than the first cavity depth.

16.  The coupling of claim 15, wherein the backwall portion defines a third cévity depth

being any one of:
(i) greater than the second cavity depth;
(ii) less than at least the first cavity depth; or

(iii} equal to the second cavity depth.

17.  The coupling of claim 16, wherein the cavity defines a central axis of the coupling,

thie backwall portion being substantially linear extending subsiantially paralle] to the central

coupling axis.

18.  The coupling of claim 2, wherein in an assembled configuration, the inner surface of

the housing engages the end portions-between the flex point and the medial axis to compress

the gasket.

- 26 -



19.  The method of claim 3, further comprising the compressing the exterior surface

between the medial axis and the flex point.
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