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A pipe coupling for connecting adjacent pipes. The pipe coupling has a connection type at each end that may be male or female. A
female end may have an interior surface defining a receiving chamber. An interior circumferential groove is formed in the interior
surface in which a band is seated. A plurality of rigid fingers is extends from the band into the receiving chamber. The receiving
chamber receives a male end of an adjacent pipe, the male end having an exterior surface. An exterior circumferential groove is
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(57) Abstract: A pipe coupling for connecting adjacent pipes. The pipe coupling has a connection type at each end that may be male
or female. A female end may have an interior surface defining a receiving chamber. An interior circumferential groove is formed in
the interior surface in which a band is seated. A plurality of rigid fingers is extends from the band into the receiving chamber. The
receiving chamber receives a male end of an adjacent pipe, the male end having an exterior surface. An exterior circumferential
groove is defined on the exterior surface to receive the plurality of rigid fingers. A variety of connection types and combinations are
disclosed. The female end may define a sight window to permit viewing of the position of a male end of an adjacent pipe. The re -
ceiving chamber may have a reduced diameter proximate to the middle of the coupling to improve sealing.
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PIPE COUPLING

[0001] Intentionally left blank.

FIELD
[0002] Embodiments disclosed herein relate generally to pipe couplings and methods
of securely connecting pipes with the couplings, regardless of the material from which the
pipes are manufactured, and in particular may relate to providing restrained connections of

pipe joints between fittings such as couplings when connecting to adjacent pipe.

BACKGROUND
[0003] In piping systems, there is a variety of ways to connect or join two separate
lengths of pipe. In general, connections between two lengths of pipe traditionally have been
achieved through one of four ways: (1) gluing or cementing; (2) welding; (3) threading; or (4)
external connections such as collars and flanges. In gluing or cementing, an adhesive is
applied to the male end, to the female end, or to both ends of the pipes being joined. The male
end of one pipe is inserted into the female end of the adjacent pipe being joined and the
adhesive cures, permanently joining the pipes. With welding, two metal pipes are joined
using molten metal. In threading, the male end of a pipe has external threads and the female
end of the adjacent pipe has internal threads. The male end is inserted into the female end of
the adjacent pipe, the pipes are rotated, and the threads engage each other. With external
connections such as collars and flanges. some sort of threaded fastener interacts with the
external connecting structure to securely lock the connection between the two pipes.
[0004] Each of the aforementioned connection types has certain disadvantages. For
example, a glued or cemented connection can be cumbersome and time consuming. The pipe
surfaces must be cleaned and the adhesive applied and allowed to cure before the connection
can withstand tensile force. Further, the pipes cannot be disconnected without destruction of
at least a portion of the pipe. In threaded connections, the connection can be achieved quicker
and the pipes usually can be disconnected and reused, but threaded connections typically
cannot withstand high tensile forces. In addition, threaded connections can be cross-threaded

relatively easily and require tools to grip, hold, and tum the pipes. Welded connections can
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withstand significant tensile forces but can only be used on metal pipes. Further, creating the
weld is a time-consuming task, and, once the weld is formed it is difficult to remove and may
not be possible without pipe destruction. With external connections, the connection often can
be removed and can withstand significant tensile forces, but forming the connection is also a
time-consuming task.

[0005] Accordingly, there is a need for a pipe coupling that allows a connection that
will withstand large tensile forces, can be quickly formed with similar adjacent pipes, and can
be easily disconnected with the proper tool, regardless of the material from which the pipe is

made.

SUMMARY

[0006] The pipc coupling of embodiments disclosed herein may provide a connection
that can be quickly formed between pipes of the same or different materials. Furthermore,
embodiments disclosed herein enable adjacent pipes with the same or different connective
ends to be coupled together in a variety of configurations—female end to male end, female
end to female end, or male end to male end. Embodiments disclosed herein may also enable
the conversion of a pipe’s male or female end from a standard fitting (e.g., threaded, welded,
adhesive, or another type of coupling method) to the push-lock connection system described
herein. In addition, the connection formed between two adjacent pipes may have
comparatively high tensile yield strengths. Embodiments disclosed herein may offer a quick
connection of two lengths of pipe without gluing, threading, or welding, as well as other
advantages.

[0007] In some embodiments, the pipe coupling has a female end for receiving a male
end of an adjacent pipe. In other embodiments, the pipe coupling has a male end to be
received by a female end of an adjacent pipe. In still other embodiments, the pipe coupling
has two femalc ends for receiving two male ends of similar adjacent pipes. In alternative
cmbodiments, the pipe coupling has two male cnds to be received by two female ends of
similar adjacent pipes.

[0008] The female end of the pipe coupling has a female leading edge and an interior
surface, which defines a male end receiving chamber within the female end. The male end
receiving chamber will ultimately receive the male end of a similar adjacent pipe. The male
end of the pipe coupling has a male leading edge, which leads the male end into the male end

receiving chamber of the female end of a similar adjacent pipe. The male end has an outer
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circumference which is smaller in diameter than the diameter of the male end receiving
chamber on the female end.

[0009] In some embodiments, the interior surface of the female end has at least one
and preferably a plurality of interior circumferential grooves disposed on it. Rigid fingers
extend from these interior circumferential grooves into the male end receiving chamber.
Preferably, the rigid fingers extending from each interior circumferential groove are connected
to a band seated within each of the interior circumferential grooves. Disposed on the exterior
surface of the male end are at least one and preferably a plurality of exterior circumferential
grooves. The number of exterior circumferential grooves will typically correspond to the
number of interior circumferential grooves disposed on the interior surface of the female end
of a similar adjacent pipe. The exterior circumferential grooves on the male end are
configured to receive the rigid fingers extending into the male end receiving chamber of the
female end on the pipe coupling or a similar adjacent pipe. During the insertion of the male
end into the male end receiving chamber, the rigid fingers are displaced toward the interior
surface of the female end so that the male end can be fully inserted into the female end. When
the male end is fully inserted into the male end receiving chamber the rigid fingers extending
from the interior circumferential grooves on the female end are positioned within
corresponding exterior circumferential grooves on the male end. The rigid fingers and their
positioning within the corresponding exterior circumferential grooves prevent the male end
from being withdrawn.

[0010] Alternatively, the male end and/or the female end of the pipe coupling or a
similar adjacent pipe may have no circumferential grooves and may include threading, a weld,
an adhesive, or another type of connection.

[0011] In accordance with one embodiment disclosed herein, a pipe coupling for
connecting adjacent pipes is provided. The pipe coupling includes a first end of a body of the
pipe coupling of a first connection type, and a second end of a body of the pipe coupling
opposite from, integral with, and seamless with the first end and of a second connection type.
The second connection type includes a female end with an interior surface, a thickness, and a
female leading edge terminating the female end of the coupling. The interior surface of the
female end defines a receiving chamber. At least one interior circumferential first groove is
formed in the interior surface of the female end. A band is seated within the at least one
circumferential first groove. A plurality of rigid fingers is formed continuously with and
extending from the band into the receiving chamber at an acute angle directed away from the

female leading edge, with the plurality of rigid fingers being displaceable. A separate
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removal tool may be required to disconnect the coupling from an adjacent pipe; the necessity
for such a tool may prevent accidental disconnects.

[0012] In some embodiments and in combination with the above embodiment, the
receiving chamber is configured to receive a male end of an adjacent pipe, the male end
having a male leading edge and an exterior surface. The exterior surface has a circumference
smaller in diameter than an inside diameter of the receiving chamber of the female end. At
least one exterior circumferential groove is defined on the exterior surface of the male end
being sized and positioned to receive therein the plurality of rigid fingers extending from a
corresponding at least one interior first circumferential groove in the female end. In some
such embodiments, the female end defines a sight window comprising an opening extending
through the thickness of the female end and configured to permit viewing of the position of a
male end of an adjacent pipe within the receiving chamber. In some such embodiments, the
pipe coupling has a longitudinal axis, and the sight window is elongated in a direction
perpendicular to the pipe coupling longitudinal axis and is proximate to the female leading
edge.

[0013] In some embodiments and in combination with any of the above embodiments,
the first connection type is the same as the second connection type. In some embodiments
and in combination with any of the above embodiments, the first connection type is a female
threaded end, configured to at least partially receive a threaded male end of an adjacent pipe,
or a threaded male end configured to be at least partially received by a threaded female end of
an adjacent pipe. In some embodiments and in combination with any of the above
embodiments, the first connection type is a smooth female end configured to at least partially
receive a smooth male end of an adjacent pipe, or a smooth male end configured to be at least
partially received by a smooth female end of an adjacent pipe.

[0014] In somc embodiments and in combination with any of the above cmbodiments,
the first connection type is a male end having a male leading edge and an exterior surface, the
exterior surface having a circumference smaller in diameter than an inside diameter of the
receiving chamber of the female end. At least one exterior circumferential groove is defined
on the exterior surface of the male end being sized and positioned to receive therein the
plurality of rigid fingers extending from a corresponding at least one interior first
circumferential groove in a female end of an adjacent pipe configured as the second
connection type. In some such embodiments, the female end defines a sight window
including an opening extending through the thickness of the female end and configured to

permit viewing of the position of a male end of an adjacent pipe within the receiving
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chamber, and wherein the exterior surface of the male end includes an indication that when
viewed through the sight window indicates that the male end has been fully inserted into the
female end. In some such embodiments, the indication on the exterior surface of the male end
includes a coating differing in appearance from the exterior surface. In other such
embodiments, the indication on the exterior surface of the male end comprises a groove
defined in the exterior surface.

[0015] In some embodiments and in combination with any of the above embodiments,
the receiving chamber has a first diameter in a first portion of the receiving chamber
proximate to the female leading edge, and a lesser, second diameter in a second portion of the
receiving chamber adjacent to the first portion.

[0016] In some embodiments and in combination with any of the above embodiments,
the second joint type further comprises at least one interior circumferential second groove
formed in the interior surface ot the female end within the second portion, and a sealing ring
disposed in the second groove.

[0017] In accordance with another embodiment disclosed herein, another pipe
coupling for connecting adjacent pipes is provided, including a first end of a body of a first
connection type and a second end of a body opposite from, integral with, and seamless with
the first end and of a second connection type. The second connection type includes a male
end having a male leading edge and an exterior surface, the exterior surface having a
circumference, where at least one exterior circumferential groove is defined on the exterior
surface of the male end being sized and positioned to receive therein a plurality of rigid
fingers. The male end is configured to be received by a third connection type on an adjacent
pipe. The third connection type includes a female end with an interior surface, a thickness,
and a female lcading edge terminating the female end of the coupling. The interior surface of
the female end defining a receiving chamber with an interior diameter larger than the
diameter of the exterior of the male end. At least one interior circumferential groove is
formed in the interior surface of the female end, and a band is seated within the at lcast one
circumferential groove. A plurality of rigid fingers is formed continuously with and
extending from the band into the receiving chamber at an acute angle directed away from the
female leading edge, with the plurality of rigid fingers being displaceable to be received in a
corresponding exterior circumferential groove of the male end.

[0018] In some embodiment and in combination with the above embodiment, the first
connection type is the same as the second connection type. In some embodiments and in

combination with any of the above embodiments, the first connection type is a female
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threaded end, configured to at least partially receive a threaded male end of an adjacent pipe,
or a threaded male end configured to be at least partially received by a threaded female end of
an adjacent pipe. In some embodiments and in combination with any of the above
embodiments, the first connection type is a smooth female end configured to at least partially
receive a smooth male end of an adjacent pipe, or a smooth male end configured to be at least
partially received by a smooth female end of an adjacent pipe.

[0019] In some embodiments and in combination with any of the above embodiments,
the exterior surface of the male end includes an indication configured to indicate that the
male end has been fully inserted into the female end when viewed through a sight window
defined in the female end, the sight window comprising an opening extending through the
thickness of the female end to permit viewing of the position of a male end of an adjacent
pipe within the receiving chamber. In some such embodiments, the indication on the exterior
surface of the male end includes a coating differing in appearance from the exterior surface.
In other such embodiments, the indication on the exterior surface of the male end comprises a
groove defined in the exterior surface.

[0020] In accordance with another embodiment disclosed herein, a method of
coupling adjacent pipes is provided. A first connection type is provided on one end of a pipe
or a pipe coupling, including a female end with an interior surface, a thickness, and a female
leading edge terminating the female end of the coupling. The interior surface of the female
end defines areceiving chamber. The female end defines a sight window comprising an
opening extending through the thickness of the female end and configured to permit viewing
of the position of a male end of an adjacent pipe within the receiving chamber. A second
connection type is provide on one end the other of a pipe or a pipe coupling, including a male
end having a male leading edge and an exterior surface. The exterior surface has a
circumference smaller in diameter than an inside diameter of the receiving chamber of the
female end, where at least one exterior circumferential groove is defined on the exterior
surface of the male end being sized and positioned to receive therein the plurality of rigid
fingers extending from a corresponding at least one interior first circumferential groove in a
female end of an adjacent pipe configured as the second joint type. The male end exterior
surface includes an indication that when viewed through the sight window indicates that the
male end has been fully inserted into the female end. The method includes inserting the male
end into the female end and continuing such insertion until the indication on the exterior

surface of the male pipe can be viewed through the sight window.

Date Regue/Date Received 2020-08-28
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[0020a] In another aspect, this document discloses a pipe coupling for connecting
adjacent pipes, comprising: a first end of a body of the pipe coupling comprising a first
connection type; a second end of a body of the pipe coupling opposite from, integral with,
and seamless with the first end and comprising a second connection type, wherein the second
connection type comprises: a female end with an interior surface, a thickness, and a female
leading edge terminating the female end of the coupling, the interior surface of the female
end defining a receiving chamber; at least one interior circumferential first groove formed in
the interior surface of the female end; a band seated within the at least one circumferential
first groove; and a plurality of rigid fingers formed continuously with and extending from the
band into the receiving chamber at an acute angle directed away from the female leading
edge, the plurality of rigid fingers being displaceable, wherein the first connection type is a
male end having a male leading edge and an exterior surface, the exterior surface having a
circumference smaller in diameter than an inside diameter of the receiving chamber of the
female end, wherein at least one exterior circumferential groove is defined on the exterior
surface of the male end, said at least one exterior circumferential groove having a trapezoidal
groove cross-section, said at least one exterior circumferential groove defined by a first
sidewall, a second sidewall and a bottom surface with said at least one exterior
circumferential groove being sized and positioned to receive therein the plurality of rigid
fingers extending from a corresponding at least one interior first circumferential groove in a
female end of an adjacent pipe configured as the second connection type.

[0020b] In another aspect, this document discloses a pipe coupling for connecting
adjacent pipes. comprising: a first end of a body comprising a first connection type; a second
end of a body opposite from, integral with, and seamless with the first end and comprising a
second connection type, wherein the second connection type comprises: a male end having a
male leading edge and an exterior surface, the exterior surface having a circumference,
wherein at least one exterior circumferential groove is defined on the exterior surface of the
male end, said at least one exterior circumferential groove having a trapezoidal groove cross-
section, said at least one exterior circumferential groove defined by a first sidewall, a second
sidewall and a bottom surface with said at least one exterior circumferential groove being
sized and positioned to receive therein a plurality of rigid fingers, wherein the male end is
configured to be received by a third connection type on an adjacent pipe, the third connection
type comprising: a female end with an interior surface, a thickness, and a female leading edge
terminating the female end of the coupling, the interior surface of the female end defining a

receiving chamber with an interior diameter larger than the diameter of the exterior of the

6a
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male end; at least one interior circumferential groove formed in the interior surface of the
female end; a band seated within the at least one circumferential groove; and a plurality of
rigid fingers formed continuously with and extending from the band into the receiving
chamber at an acute angle directed away from the female leading edge, the plurality of rigid
fingers being displaceable to be received in a corresponding exterior circumferential groove
of the male end.

[0020c¢] In another aspect, this document discloses a pipe coupling for connecting
adjacent pipes, comprising: a first end of a body of the pipe coupling comprising a first
connection type; a second end of a body of the pipe coupling opposite from, integral with,
and seamless with the first end and comprising a second connection type, wherein the second
connection type comprises: a female end with an interior surface, a thickness, and a female
leading edge terminating the female end of the coupling, the interior surface of the female
end defining a receiving chamber; at least one interior circumferential first groove formed in
the interior surface of the female end; a band seated within the at least one circumferential
first groove; and a plurality of rigid fingers formed continuously with and extending from the
band into the receiving chamber at an acute angle directed away from the female leading
edge, the plurality of rigid fingers being displaceable, wherein the first connection type is a
male end having a male leading edge and an exterior surface, the exterior surface having a
circumference smaller in diameter than an inside diameter of the receiving chamber of the
female end, wherein at least one exterior circumferential groove is defined on the exterior
surface of the male end, said at least one exterior circumferential groove having a trapezoidal
groove cross-section, said at least one exterior circumferential groove defined by a first
sidewall, a second sidewall and a bottom surface, said first and second sidewalls residing in
non-perpendicular arrangement to the bottom surface, with said at least one exterior
circumferential groove being sized and positioned to receive therein the plurality of rigid
fingers extending from a corresponding at least one interior first circumferential groove in a
female end of an adjacent pipe configured as the second connection type.

[0020d] In another aspect, this document discloses a pipe coupling for connecting
adjacent pipes, comprising: a first end of a body comprising a first connection type; a second
end of a body opposite from, integral with, and seamless with the first end and comprising a
second connection type, wherein the second connection type comprises: a male end having a
male leading edge and an exterior surface, the exterior surface having a circumference,
wherein at least one exterior circumferential groove is defined on the exterior surface of the

male end, said at least one exterior circumferential groove having a trapezoidal groove cross-

6b
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section, said at least one exterior circumferential groove defined by a first sidewall, a second
sidewall and a bottom surface, said first and second sidewalls residing in non-perpendicular
arrangement to the bottom surface, with said at least one exterior circumferential groove
being sized and positioned to receive therein a plurality of rigid fingers, wherein the male end
is configured to be received by a third connection type on an adjacent pipe, the third
connection type comprising: a female end with an interior surface, a thickness, and a female
leading edge terminating the female end of the coupling, the interior surface of the female
end defining a receiving chamber with an interior diameter larger than the diameter of the
exterior of the male end; at least one interior circumferential groove formed in the interior
surface of the female end; a band seated within the at least one circumferential groove; and a
plurality of rigid fingers formed continuously with and extending from the band into the
receiving chamber at an acute angle directed away from the female leading edge, the plurality
of rigid fingers being displaceable to be received in a corresponding exterior circumferential

groove of the male end.

6¢
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BRIEF DESCRIPTION OF THE DRAWINGS
[0021] Having thus described embodiments of the invention in general terms,
reference will now be made to the accompanying drawings, where:
[0022] FIG. 1 is an exploded perspective view of a female end of one pipe and a male
end of a similar adjacent pipe, each configured to form an embodiment of a unique push-lock

connection system for a joint.

[0023] FIG. 2 is a cross sectional side view of the push-lock pipe connection system
of FIG. 1.
[0024] FIG. 3 is a cross sectional side view of the push-lock pipe connection system

of FIG. 1 with the male end being partially inserted within the female end.

[0025] FIG. 4 is a cross sectional side view of the push-lock pipe connection system
of FIG. 1 with the male end being fully inserted within the female end (also referred to as a
male end receiving chamber) and a plurality ot rigid fingers being positioned within their
carresponding exterior circumferential grooves on the male end.

[0026] FIG. 5 is a cross sectional view showing a side profile of an interior
circumferential groove on the female end of one pipe and a rigid finger from the plurality of
rigid fingers extending from a band seated within the groove.

[0027] FIG. 6 is a cross sectional view showing a side profile of an exterior
circumferential groove on the male end of one pipe.

[0028] FIG. 7A is back view of a portion of a set of rigid fingers extending from a

band to be seated within an interior circumferential groove on a female end of one pipe.

[0029] FIG. 7B is a front view of a portion of the set of rigid fingers of FIG. 7A.
[0030] FIG. 7C is a side view of a single finger from the set of rigid fingers of FIG.
7A.

[0031] FIG. 8 is a cross scctional side view showing another embodiment of the push-

lock pipe connection system of FIG. 1 with the male end being fully inserted within the
female end (also referred to as a male end receiving chamber) and a plurality of rigid fingers
being positioned within their corresponding exterior circumferential grooves on the male end.
[0032] FIG. 9 is an end view of a female-by-female pipe coupling having a female end
of the push-lock connection system of FIG. 1 at both ends of the pipe coupling, in accordance
with embodiments disclosed herein.

[0033] FIG. 10 is a cross sectional side view of the coupling of FIG. 9 taken along line
10—10 of FIG. 9.
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[0034] FIG. 11 is a detailed partial cutaway view of one end of the coupling of FIG. 9
showing interior circumferential grooves.

[0035] FIG. 12 is another end view of the coupling of FIG. 9, rotated 90 degrees from
the view of FIG. 9, showing a representation of a window cutting wheel.

[0036] FIG. 13 is a side view of the coupling of FIG. 9, rotated 90 degrees from the
view of FIG. 10, showing an embodiment of a sight window.

[0037] FIG. 14 is an end view of a male-by-male pipe coupling having a male end of
the push-lock connection system of FIG. 1 at both ends of the pipe coupling, in accordance

with embodiments disclosed herein.

[0038] FIG. 15 is a side view of the coupling of FIG. 14.
[0039] FIG. 16 is a detailed view of a portion of one end of the coupling of FIG. 14.
[0040] FIG. 17 is a front view of a sct of rigid fingers extending from a band with a

finger removed from each end of the band prior to bending the fingers, in accordance with

embodiments disclosed herein.

[0041] FIG. 18 is a front view of a set of rigid fingers of FIG. 17 after the fingers have
been bent, in accordance with embodiments disclosed herein.

[0042] FIG. 19 is a detailed front view of rigid fingers of FIG. 17 prior to bending the
fingers.

[0043] FIG. 20 is a top view of the rigid-fingered band of FIG. 17 with ends of the
band being welded together after the fingers have been bent.

[0044] FIG. 21 is a detailed top view of ends of the welded rigid-fingered band of FIG.
20.

[0045] FIG. 22 is a side profile view of a finger extending from a band after it has

been bent, in accordance with embodiments disclosed herein.
[0046] FIG. 23 is an end view of a pipe coupling having a femalec end with the push-
lock connection system of FIG. 1 at a first end and an opposite female end that is threaded at a

second end of the pipe coupling, in accordance with embodiments disclosed herein.

[0047] FIG. 24 is a cross sectional side view of the coupling of FIG. 23 taken along
line 24—24 of FIG. 23.
[0048] FIG. 25 a detailed partial cutaway view of one end of the coupling of FIG. 23

showing interior circumferential grooves.
[0049] FIG. 26 is an end view of a pipe coupling having a female end with the push-

lock connection system of FIG. 1 at a first end and an opposite female end that is plain and
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unthreaded at a second end of the pipe coupling, configured to receive an adhesive, in

accordance with embodiments disclosed herein.

[0050] FIG. 27 is a cross sectional side view of the coupling of FIG. 26 taken along
line 27—27 of FIG. 26.
[0051] FIG. 28 is detailed partial cutaway view of one end of the coupling of FIG. 23

showing interior circumferential grooves and a sight window.
[0052] FIG. 29 is an end view of a pipe coupling having a male end with the push-lock
connection system of FIG. | at one end and a threaded female end at a second end of the pipe

coupling, in accordance with embodiments disclosed herein.

[0053] FIG. 30 is a cross sectional side view of the coupling of FIG. 29 taken along
line 30—30 of FIG. 29.
[0054] FIG. 31 is detailed partial cutaway view of one end of the coupling of FIG. 23

showing exterior circumferential grooves.

[0055] FIG. 32 is an end view of a pipe coupling having a male end with the push-lock
connection system of FIG. 1 at one end and an unthreaded female end configured to receive an
adhesive at 4 second end of the pipe coupling, in accordance with embodiments disclosed
herein.

[0056] FIG. 33 is a cross sectional side view of the coupling of FIG. 32 taken along
line 33—33 of FIG. 32.

[0057] FIG. 34 is a detailed partial cutaway view of the coupling of FIG. 32 showing
exterior circumferential grooves in the male end of the coupling.

[0058] FIG. 35 is an end view of a pipe coupling having a male end with the push-lock
connection system of FIG.1 at one end and a female end of the push-lock connection system

of FIG. 1 at a second end of the coupling, in accordance with embodiments disclosed herein.

[0059] FIG. 36 is a cross scctional side view of the coupling of FIG. 35 taken along
line 36—36 of FIG. 35.
[0060] FIG. 37 is a detailed partial cutaway view of the coupling of FIG. 35 showing

exterior circumferential grooves in the male end of the coupling.

[0061] FIG. 38 is a detailed partial cutaway view of the coupling of FIG. 32 showing
interior circumferential grooves in the female end of the coupling and sight window, in
accordance with embodiments disclosed herein.

[0062] FIG. 39 is an end view of a pipe coupling having a male end with a push-lock

connection system similar to that of FIG. 1 at one end and a plain, unthreaded male end



10

15

20

25

30

CA 02906705 2015-09-14

WO 2014/144026 PCT/US2014/028259

configured to receive an adhesive at a second end of the pipe coupling, in accordance with

embodiments disclosed herein.

[0063] FIG. 40 is a cross sectional side view of the coupling of FIG. 39 taken along
line 40—40 of FIG. 39.

[0064] FIG. 41 is a detailed partial cutaway view of the coupling of FIG. 39 showing
exterior circumferential grooves in the male end of the coupling with the push-lock connection
System.

[0065] FIG. 42 is an end view of a pipe coupling having a male end with the push-lock

connection system similar to that of FIG. 1 at one end and a threaded male end at a second end

of the pipe coupling, in accordance with embodiments disclosed herein.

[0066] FIG. 43 is a cross sectional side view of the coupling of FIG. 42 taken along
line 43—43 of FIG. 42.

[0067] FIG. 44 is a detailed partial cutaway view ot the coupling of FIG. 42 showing
exterior circumferential grooves in the male end of the coupling with the push-lock connection
System.

[0068] FIG. 45 is an end view of a pipe coupling having a female end with the push-

lock connection system of FIG. 1 at one end and a threaded female end at a second end of the
pipe coupling, as an opposite view of FIG. 24, in accordance with embodiments disclosed
herein.

[0069] FIG. 46 is a cross sectional side view of the coupling of FIG. 45 taken along
line 46—46 of FIG. 45, as a reverse view of FIG 24 and showing an exemplary band with
rigid fingers seated in an interior circumferential groove of the female end.

[0070] FIG. 47 is a detail view of the female end of the coupling of FIG. 45 showing
the band of rigid fingers secated in one of a plurality of interior circumferential grooves similar

to the push-lock connection system of FIG. 1.

DETAILED DESCRIPTION
[0071] The following detailed description of embodiments refers to the
accompanying drawings. Other embodiments having different structures and operation do
not depart from the scope of the present disclosure. Certain terminology is used herein for
convenience only and is not to be taken as a limitation on the embodiments described. For

EE 1Y

example, words such as “top”, “bottom”, “upper,” “lower,” “left,

3% <

right,” “horizontal,”
“vertical,” “upward,” and “downward” merely describe the configuration shown in the

figures or the orientation of a part in the installed position. Indeed, the referenced
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components may be oriented in any direction and the terminology, therefore, should be
understood as encompassing such variations unless specified otherwise. Throughout this
disclosure, where a process or method is shown or described, the method may be performed
in any order or simultaneously, unless it is clear from the context that the method depends on
certain actions being performed first. Like reference numerals refer to the same or similar
parts throughout the drawings and specification.

[0072] Referring to FIGS. 1-8, a pipe 110 and a similar adjacent pipe 112 are shown
for describing an embodiment of a “push-lock connection system” as referred to herein. In
practice, the pipe 110 has the same structure as the similar adjacent pipe 112 and therefore, a
description of structure that is present for the similar adjacent pipe 112 in the figures applics
equally to a description of the structure for the pipe 110, and vice versa. Various coupling
embodiments are disclosed herein for use with the unique “push-lock connection system”
described herein. Some of the couplings disclosed herein may be used to convert male ends
of pipes using the push-lock connection system to female ends and vice versa. Additionally,
some of the couplings may be used to convert portions of existing pipe systems to a push-
lock connection system without having to remove and replace the entire existing pipe system.
[0073] The pipe 110 has a female end 114, an intermediate length 116, and a male end
118. Referring to FIGS. 1 and 2, the female end 114 has an interior surface 120 and a female
leading edge 122 that terminates the female end 114. The female end 114 may have an
outside diameter D1 and an inside diameter D2, enlarging from the outside diameter D4 and
the inside diameter DS of the intermediate length 116. The interior surface 120 of the female
end 114 defines a male end receiving chamber 124, which is essentially the interior space
within the female end 114. The male end 118 of the pipe 110 has a male leading edge 126 and
an exterior surface 128 with a circumference (exterior diameter D3) that is smaller in diameter
than diameter D2 of the male end receiving chamber 124 on the female end 114. Preferably
the male end receiving chamber 124 will ultimately receive the male end 118 of the similar
adjacent pipe 112 with minimal clcarance when the pipes are connected and may create an
interference fit; however, it is anticipated that certain applications may requirc a large
clearance between connected pipes. The pipe 110 is sized according to the outer diameter D4
of its intermediate length 116 and has a tensile yield strength that is largely dependent on the
material from which pipe 110 is made.

[0074] A stop member 130 is disposed within the pipe 110 preferably at the interior
end of the male end receiving chamber 124. In the preferred embodiment, as shown in FIGS.

1-4, the diameter D2 of the male end receiving chamber 124 is larger than the interior
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diameter DS of the intermediate length 116. As such, the stop member 130 in the preferred
embodiment is a circumferential shoulder 156 formed by the reduction in diameter D2 from
the male end receiving chamber 124 to the interior diameter DS of the intermediate length 116.
However, it is anticipated that stop member 130 could be other forms of circumferential
shoulders, such as those present in “Flush Mount” connections or a shoulder on the exterior
surface 128 of the male end 118. Additionally, in the preferred embodiment, at least one
circumferential sealing groove 132 with an O-ring 134 scated therein is disposed on the
interior surface 120 of the female end 114. However, it is anticipated that in certain
applications the circumferential sealing groove 132 and the O-ring 134 may not be present, as
the pipe 110 may include a different coupling mechanism.

[0075] The interior surface 120 of the female end 114 has a plurality of interior
circumferential grooves 136 disposed on it. In the preferred embodiment, the number of
mnterior circumferential grooves 136 is four. However, it is anticipated that this number could
be greater than four, less than four, or even as few as one, depending upon the application.
[0076] A plurality of sets of rigid fingers 138 extend from each of the interior
circumferential grooves 136 and into the male end receiving chamber 124, forming an acute
angle o between each of the rigid fingers 138 and the interior surface 120 of the female end
114 and directed away from the female leading edge 122 (sce FIG. 5). In the preferred
embodiment, the angle o formed between each of the rigid fingers 138 and the interior surface
120 measures between 27 degrees and 30 degrees inclusive.

[0077] Although rigid, each of the rigid fingers 138 is displaceable and can be radially
displaced toward and away from the interior surface 120 of the female end 114. Further, cach
of the rigid fingers 138 is biased toward a non-displaced position (as shown in FIG. 7C) in the
female end 114 and within the male end receiving chamber 124 unless acted upon by some
forcc. Preferably, the rigid fingers 138 arc made of stainless stecl. Howcever, any number of
substantially rigid materials could be used, depending on the application and the tensile forces
involved. In the preferred embodiment, each set of rigid fingers 138 extends from a band 140
(see FIGS. 7A, 7B, & 7C) that is seated within each of the interior circumferential grooves
136.

[0078] In some embodiments and as shown in FIG. 5, the interior circumferential
grooves 136 have a generally rectangular cross section profile with a first side wall 150, a
second sidewall 152, a bottom surface 154, and a shoulder 156 positioned adjacent the first
side wall 150. The shoulder 156 has a top surface 158 and a side surface 160. In this

embodiment, the band 140 is seated between the second sidewall 152 of the interior
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circumferential grooves 136 and the side surface 160 of the shoulder 156 such that the rigid
fingers 138 extend above and over the shoulder 156. When the male end 118 is inserted into
the female end 114, the minimal clearance there between will cause each set of rigid fingers
138 to be displaced at least partially, if not totally, into the interior circumferential grooves
136. In this regard, the distal end 148 of cach of the rigid fingers 138 (see FIGS. 7A, 7B, &
7C) displaces into the space between the top surface 158 of the shoulder 156 and the top edge
of the first sidewall 150 of the interior circumferential grooves 136.

[0079] Disposed on the exterior surface 128 of the male end 118 is a plurality of
exterior circumferential grooves 142 with each groove having a sidewall 144 at the side of the
groove nearest the male Icading edge 126. A bottom surface 146 cxtends from the bottom
edge of the sidewall 144 and slopes at an angle to the exterior surface 128 of the male end 118,
forming acute angle § with the exterior surface 128 (sce FIG. 6). Preferably, the angle B
formed between the bottom surface 146 of the exterior circumferential grooves 142 and the
exterior surface 128 of the male end 118 is approximately 16 degrees. As a result and
depicted in FIG. 6, in the preferred embodiment the exterior circumferential grooves 142 have
a triangular cross section profile formed by the sidewall 144 and the bottom surface 146.
Preferably, the number of exterior circumferential grooves 142 on the male end 118 will
correspond with the number of interior circumferential grooves 136 on the interior surface 120
of the female end 114.

[0080] FIG. 3 shows the male end 118 of the similar adjacent pipe 112 partially
inserted into the male end receiving chamber 124 of the female end 114 of the pipe 110. As
shown, the male leading edge 126 of the male end 118 is beveled in the preferred embodiment
of the pipe 110, with the bevel being set at an approximately 20 degrees radially inward angle
with respect to the exterior surface 128 of the male end 118. The angling of the rigid fingers
138 away from the female leading edge 122 allows the male end 118 to be inserted into the
male end receiving chamber 124, and, the insertion is facilitated by the bevel at the male
leading edge 126 as well as the triangular cross section profile of the exterior circumferential
grooves 142, As the male end 118 is inserted, the exterior surface 128 of the male end 118
contacts the sets of rigid fingers 138 and causes the rigid fingers 138 to be displaced toward
the interior surface 120 of the female end 114.

[0081] FIG. 4 shows the male end 118 of the similar adjacent pipe 112 fully inserted
into the male end receiving chamber 124 on the female end 114 of the pipe 110. When fully
inserted, the male leading edge 126 abuts the stop member 130. With the male end 118 fully

inserted into the female end 114 the sets of rigid fingers 138 are positioned over their
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corresponding exterior circumferential grooves 142 on the male end 118, allowing each set of
rigid fingers 138 to spring back toward its non-displaced position such that the rigid fingers
138 are received within the corresponding exterior circumferential grooves 142 on the exterior
surface 128 of the male end 118. Preferably, a set of the rigid fingers 138 becomes positioned
within each exterior circumferential groove such that a distal end 148 (see FIGS. 7A, 7B, &
7C) of each of the rigid fingers 138 abuts the sidewall 144 of the exterior circumferential
grooves 142. The abutment of the distal ends 148 of the rigid fingers 138 against the sidewall
144 prevents movement of the male end 118 of the similar adjacent pipe 112 out of the male
end receiving chamber 124 of the female end 114 of the pipe 110, thereby locking the pipe
110 and the similar adjacent pipe 112 together.

[0082] FIGS. 7A and 7B show a portion of a set of rigid fingers 138 extending from
the band 140. As noted, in the preferred embodiment the band 140 is seated between the
second sidewall 150 of the interior circumferential grooves 136 and the side surface 160 of the
shoulder 156. FIG. 7C shows a side view of a set of rigid fingers 138 along section line 7C-
7C (see FIG. 7B) and effectively illustrates the side profile of a single finger extending from
the band 140. The finger extends from the band 140 through a bend 162. The bend 162
causes the rigid fingers 138 to extend out of the interior circumferential grooves 136 and into
the male end receiving chamber 124 at the acute angle o away from the female leading edge
122, as shown in FIG. 5.

[0083] The number, shape, and size of rigid fingers 138 in cach set of rigid fingers 138
is a design choice that depends on the application of the invention. With a 4.5 inch PVC pipe,
a preferred embodiment has 135 stainless steel fingers in each set, with one set per interior
circumferential groove. Each of the rigid fingers 138 is 0.060 inches wide and the sets of rigid
fingers 138 have a 0.060 inch gap between cach finger. The band 140 is approximately 0.155
inches long from its bottom cdge to the bend 162, and the rigid fingers 138 arc approximatcly
0.209 inches long from the bend 162 to their distal ends 148.

[0084] As noted and shown in FIGS. 5 and 6, in the preferred embodiment the acute
angle o created between the interior surface 120 of the female end 114 and the rigid fingers
138 is larger than the angle B between the bottom surface 146 of the exterior circumferential
grooves 142 and the exterior surface 128 of the male end 118. As a result, the rigid fingers
138 bias against the bottom surface 146 of the exterior circumferential grooves 142 when fully
received therein and will exert a continuous radially inward force on the bottom surface 146.
[0085] FIG. 8 shows an alternative embodiment having a different type of connection

than the connection present in the previously described embodiment. The connection shown
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in FIG. 8 is referred to as a "Flush Mount" connection because the outer diameter of the
female end 114 is substantially equal to the outer diameter of the intermediate length 116
between the male end 118 and the female end 114. In the Flush Mount connection, the male
end receiving chamber 124 still has a diameter D2 that is greater than the interior diameter DS
of the intermediate length 116, but the male end receiving chamber 124 is formed by
machining out the chamber and not by belling the female end 114 with a mandrel.

[0086] FIG. 8 also shows different embodiments that can be present regardless of
whether a Flush Mount connection is used. For example, one aspect that differs from the
previous embodiment is the interior circumferential grooves 142 do not have a shoulder 156.
Conscquently, cach band 140 is wider and is scated between the sidewalls of each of the
interior circumferential grooves 142.  Another aspect that differs from the previous
embodiment is that the male leading edge 126 is not beveled in FIG. 8. Finally, FIG. 8 shows
the alternative embodiment where the bottom surface 146 of the exterior circumferential
grooves 142 is not angled and the exterior circumferential grooves 142 have a substantially
rectangular cross section profile.

[0087] Referring to FIGS. 9 through 47, embodiments disclosed herein include a pipe
coupling generally designated as 188, but are discussed in specific embodiments designated as
188a-188i. A pipe coupling 188 is a fitting used to connect the ends of adjacent pipes
together. Embodiments of the pipe coupling 188 can be arranged in a variety of
configurations of a body and may be used to connect two female ends 114, two male ends 118,
or a female end 114 to a male end 118. The pipe coupling 188 can also be used as an adapter
to convert a male end 118 to a female end 114 or a female end 114 to a male end 118. In some
embodiments, the pipe coupling 188 uses one or two portions, either a male end or a female
end, to form a push-lock connection system with one or two adjacent pipes. This may result in
the ends of the pipe coupling 188 sccurcly interfacing with and engaging pipes 110, 112 as
described herein to provide a seal and a restrained joint. In other embodiments, the pipe
coupling 188 may also be configured to accept threaded ends or smooth/plain ends
(configured for application of adhesive) as the female ends 114 or male ends 118 of pipes 110,
and may be used to convert the connection type from a threaded 192 or smooth 194 end to an
end configured with the push-lock coupling system as described herein. Connection types
may include, for example, male push-lock connection, female push-lock connection, male
threaded connection, female threaded connection, male smooth/plain end connection, and

female smooth/plain end connection.
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[0088] The pipe coupling may include a first end and a second end opposite from and
integral with, of unitary construction with, and one seamless piece with the first end through a
very short central portion (if existing at all), meaning that the material that the body of the
coupling is made from, for example, PVC, and is continuous. Other materials may be selected
as appropriate for the application.

[0089] Referring to FIGS. 9 through 13, a female-by-female embodiment of a pipe
coupling 188a is shown. In this embodiment, the pipe coupling 188a has a first female end
114a of a body, a second female end 114b of the body, and a central portion 115 of the body
therebetween at which location the two ends 114a, 114b meet. The central portion 115 of
cach embodiment is designated for reference and may not exist in reality, as it is in general
merely the connection between the two ends. Each of the female ends 114a, 114b of the
coupling 188a defines an outside diameter D1 and has an interior surface 120 that defines a
male end receiving chamber 124 and an inside diameter D2. The female ends 114a, 114b
terminate at a female leading edge 122, which may or may not be beveled. The female ends
114a, 114b in FIGS. 9-13 are each configured to receive a male end 118 of adjacent pipe 112
by means of the push-lock connection system as described herein. The male ends 118 may be
inserted at least partially into the male end receiving chambers 124 of the pipe coupling 188.
The central portion 115 between the two female ends 114a, 114b of the pipe coupling 188a
may also define an interior diameter DS, which in this case is the smallest dimension of the
coupling 188a. The pipe coupling 188 may further define an exterior diameter D1 of each
female end 114a, 114b. The largest outside diameter D6 of each female end 114a, 114b may
in some embodiments include a bulge 196, a taper, a protective ring or sleeve, or a similar
outer shell feature, where D6 is greater than the exterior diameter D1 of the female ends 114a,
114b.

[0090] The malc end recciving chamber 124 of the female cnds 114a, 114b is
configured to receive a male end 118 of an adjacent pipe 112 with the push-lock connection
system of FIG. 1 with minimal clearance between the interior surface 120 of the female ends
114a, 114b when the adjacent pipe 112 (not shown) is connected. It should be noted that pipe
couplings 188 disclosed herein are sized to correspond with the adjacent pipe 112 and have a
tensile yield strength that is largely dependent on the material from which the pipe couplings
188 are made. In some embodiments, the couplings 188 may be made of PVC.

[0091] Referring again to FIGS. 9-13, a stop member 130 is disposed within each of
the female ends 114a, 114b of the pipe coupling 188a preferably at the interior end 120 of the

male end receiving chamber 124. In this regard, a diameter D2 of the male end receiving
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chamber 124 near the stop member 130 is larger than an interior diameter DS of the central
portion 116. As such, the stop member 130 may be a circumferential shoulder formed by the
reduction in diameter D2 from the male end receiving chamber 124 to the interior diameter D5
of the central portion 115. Additionally, in the preferred embodiment, at least one and
preferably two circumferential sealing grooves 132 (FIG. 11) are available to receive and seat
an O-ring 134 (FIGS. 1-4) therein. These circumferential sealing grooves 132 are preferably
disposed on the interior surface 120 of the female end 114 between interior circumferential
grooves 136 (discussed infra) and the stop member 130. However, it is anticipated that in
certain applications the circumferential sealing grooves 132 may be elsewhere on the interior
surface 120 or may not be present, or alternatively may be located on the male end 118.

[0092] It should also be noted that the male end receiving chamber 124 as shown has
at least two differing diameters, namely D2 and D4, along the length where the male end 118
of the pipe 112 is received. The first diameter D4 is near the stop member 130 as previously
discussed. The second diameter D2 is along the interior surface 120 of the female ends 114a,
114b where interior circumferential grooves 136 (discussed infra) are disposed. Typically,
diameter D4 is slightly smaller than diameter D2. The differing diameters allow an increased
depth of the preferred circumferential sealing grooves 132 so the O-ring 134 can be seated
deeper therein. In this regard, the diameter D2 is sized to accommodate an insertion member
of a removal tool (not shown) and narrowing D4 as compared to D2 allows the insertion
member to insert into D2 while providing for a deeper depth for the circumferential sealing
grooves 132 at D4. The reduced diameter D4 also assists in proper alignment of the male end
118 of the pipe 112 being connected.

[0093] FIGS. 9, 10, 12, and 13 also show that this embodiment of a coupling 188a
includes sight windows 190 between the leading edge 122 of the female ends 114a, 114b and
the first of the interior circumferential grooves 136. A sight window 190 is an opening that
extends fully through the wall of the female end 114 of the coupling 188a. In operation, a
male end 118 of an adjacent pipe 112 having the push-lock connection system described
herein may have a portion colored or marked with a line or otherwise, and may also be
designated with a groove, so that the color or other marking appears in the sight window 190
to signal a full insertion into one or more of the female ends 114a, 114b of the pipe coupling
188a. In one embodiment the sight window 190 may be approximately 1.50 inches in width at
the opening on the outside surface of the coupling 188a, approximately 0.188 inches in length
along the female end 114a, 114b, and may be cut or similarly machined using an

approximately 2.25 inch diameter sight window cutting wheel 191. In one embodiment the
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sight window 190 may be offset from the female leading edge 122 by approximately 0.41
inches.

[0094] In one embodiment, the pipe coupling 188a may be a 6-inch nominal size for
use as a mining well casing. In some such embodiments, the pipe coupling 188a may be
approximately 14 inches in length (e.g., from the first end to the second end). Each end may
be, for example, approximately 6.68 inches in length, while the central portion 116 may be
approximately 0.64 inches in length. The exterior diameter D4 of the central portion 116 may
be approximately 6.6 inches. In some embodiments, the exterior diameter D1 of the female
end 114 is approximately 7.6 inches, while the exterior diameter D6 of the female end 114
including the bulge 96 is approximately 7.7 inches.

[0095] As mentioned, the interior surfaces 120 of the female ends 114a, 114b each
have a plurality of interior circumferential grooves 136 disposed on them. In the preferred
embodiment, the number of interior circumferential grooves 136 is four. However, it is
anticipated that this number could be more or less than four and even as few as one, depending
upon the application.

[0096] The interior circumferential grooves 136 may be cut or similarly machined into
the interior surface 120 of the male end receiving chamber 124 at various depths. The inside
surface 120 of the male end receiving chamber 124 may include sloped or angled sections at
various angles including approximately 130 degrees from horizontal as the inside surface 120
slopes from diameter D2 toward the stop member 130 at diameter DS.

[0097] FIGS. 14-16 show a male-by-male embodiment of the pipe coupling 188b. In
this embodiment, the pipe coupling 188b has a first male end 118a, a second male end 118b,
and central portion 115 between (which has been removed from FIG. 15, however, for
illustration purposecs). Each of the male ends 118a, 118b terminates in a male leading edge
126 which may or may not includec a bevel and has an cxterior surface 128 with a
circumference and diameter D3 that is smaller than diameter D2 of the male end receiving
chamber 124 on the female ends 114a, 114b.

[0098] The male end 118 (118a, 118b) may vary in length according to its application.
Typically, the exterior diameter D3 defined by the exterior surface 128 of the male end 118 is
approximately 6.625 inches, which is smaller than the approximate interior diameter D2 of the
male end receiving chamber 124. The male end 118 may be beveled as shown in FIG. 13 to a
diameter D7 and at an approximate angle of 10 degrees and length of approximately 0.5 inches
so that the beveled male end 118 securely fits against the stop member 130 and corresponds to

the interior diameter DS of the central portion 115 of the male end receiving chamber 124.
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[0099] Disposed on the exterior surface 128 of the male end 118 is a plurality of
exterior circumferential grooves 142. In some embodiments, ecach of the exterior
circumferential grooves 142 may have a generally trapezoidal cross-section with a first
sidewall 200, an opposite sidewall 202, and a bottom surface 204. Although preferably
trapezoidal, it is anticipated that the exterior circumferential grooves 142 could have a variety
of cross-sections.

[00100] The exterior circumferential grooves 142 on the male end 118 may be offset
along the length of the male end 118 from the bevel by approximately 2 inches. The exterior
circumferential grooves 142 may be spaced apart from one another along the length of the
male end 118. The exterior circumferential grooves 142 on the male end 118 may be cut into
the male end 118 at an approximate depth of 0.075 inches. The bottom surface 204 of the
exterior circumferential grooves 142 on the male end 118 may have an approximate width of
0.1 inches. The side wall 200 of the male end 118 may be angled or sloped at an approximate
angle of 60 degrees from horizontal, while the opposite side wall 202 may be at an angle of 20
degrees from horizontal.

[00101] Reference is sometimes made herein to the male ends 118a, 118b of the pipe
coupling 188 being inserted into female ends 114a, 114b. When such reference is made, it is
merely provided for explanation purposes. While the male ends 118a, 118b of the pipe
coupling 88 are intended to be inserted into the female end of an adjacent pipe with the push-
lock connection system described herein (not shown), the male ends 118a, 118b could be
inserted into the female ends 114a, 114b of a separate pipe coupling 188, though doing so may
not be practical. Similarly, the female ends 114a, 114b are intended to receive a male end 118
of an adjacent pipe 112 with the push-lock connection system described herein, though for
explanation purposcs herein reference i made to the male ends 118a, 118b. Again, such a
connection could be made between a pipe coupling 188 having onc of more of the male ends
118a, 118b and a separate pipe coupling 188 having one or more female ends 114a, 114b,
though doing so may not be practical.

[00102] As shown in FIG. 5, in the preferred embodiment of the female ends 114a,
114b, the interior circumferential grooves 136 have a generally rectangular cross section
profile with a first side wall 150, a second sidewall 152, a bottom surface 154, and a shoulder
156 positioned adjacent the first side wall 150. The shoulder 156 has a top surface 158 and a
side surface 160. In this embodiment, the band 140 is seated between the second sidewall 152
of the interior circumferential grooves 136 and the side surface 160 of the shoulder 156 such

that the rigid fingers 138 extend above and over the shoulder 156. It should also be noted that
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the sidewall 150 of the interior circumferential grooves 136 may be sloped as shown in FIG.
16, giving the interior circumferential groove 136 a trapezoidal profile. When one of the male
ends 118a, 118b is inserted into one of the female ends 114a, 114b, the minimal clearance
there between will cause each set of rigid fingers 138 to be displaced at least partially, if not
totally, into the interior circumferential grooves 136. In this regard, the distal end 148 of each
of the rigid fingers 138 (see FIG. 5) displaces into the space between the top surface 158 of the
shoulder 156 and the top edge of the first sidewall 150 of the interior circumferential grooves
136.

[00103] As shown in FIG. 15, the male leading edge 126 of the male ends 118a, 118b is
preferably beveled. The angling, bending, or biasing of the rigid fingers 138 away from the
female leading edge 122 allows the male ends 118a, 118b to be inserted into the male end
receiving chamber 124, and, the insertion is facilitated by the bevel at the male leading edge
126 as well as the triangular cross section profile of the exterior circumferential grooves 142.
As the male ends 118a or 118b are inserted, the exterior surface 128 of the male ends 118a,
118b contacts the sets of rigid fingers 138 and causes the rigid fingers 138 to be displaced
toward the interior surface 120 of the female end 114,

[00104] Once one of the male ends 118a, 118b is fully inserted into the male end
receiving chamber 124 of the female end 114, the male leading edge 126 abuts the stop
member 130. Upon full insertion of the male ends 118a, 118b, the female ends 114a, 114b
the sets of rigid fingers 138 are positioned over their corresponding exterior circumferential
grooves 142 on the male ends 118a, 118b, allowing each set of rigid fingers 138 to spring
back toward its non-displaced position such that the rigid fingers 138 are received within the
corresponding exterior circumferential grooves 142 on the exterior surface 128 of the male
ends 118a, 118b. Preferably, a set of the rigid fingers 138 becomes positioned within ecach
exterior circumferential groove such that the distal end 148 of cach of the rigid fingers 138
abuts the sidewall 200 of the exterior circumferential grooves 142. The abutment of the distal
ends 148 of the rigid fingers 138 against the sidewall 200 prevents movement of the male ends
118a, 118b out of the male end receiving chamber 124 of the female ends 114a, 114b, thereby
locking together the pipe coupling 188b and the adjacent pipe 112 with the push-lock
connection system described herein.

[00105] As noted and shown in the embodiment of FIGS. 5 and 6, the acute angle o
created between the interior surface 120 of the female ends 114a, 114b and the rigid fingers
138 may be larger than the angle between the bottom surface 146 of the exterior

circumferential grooves 142 and the exterior surface 128 of the male ends 118a, 118b. As a

20



10

15

20

25

30

CA 02906705 2015-09-14

WO 2014/144026 PCT/US2014/028259

result, the rigid fingers 138 bias against the bottom surface 146 of the exterior circumferential
grooves 142 when fully received therein and will exert a continuous radially inward force on
the bottom surface 146.

[00106] A plurality of sets of rigid fingers 138 extend from cach of the interior
circumferential grooves 136 and into the male end receiving chamber 124 of the female ends
114a, 114b. A set of these rigid fingers 138 and the fingers 138 themselves are shown in
FIGS. 17-22. The rigid fingers 138 extend from the band 140 as described in the push-lock
connection system described herein and shown in the enclosed FIGS. 5 and 6. In this regard,
as shown in FIG. 5, an acute angle a is formed between each of the rigid fingers 138 and the
interior surface 120 of the female end 114 and directed away from the female Icading cdge
122. In one embodiment, the angle o formed between cach of the rigid fingers 138 and the
interior surface 120 may measure between 27 degrees and 30 degrees inclusive.

[00107] In some embodiments, each of the rigid fingers 138, as well as the band 140,
may be approximately 0.030 inches thick. The band 140 may be approximately 0.04 inches
tall, with extruded portions that connect the individual rigid fingers 138 to the band 140 along
a bend line 182 being 0.09 inches tall. The height of each rigid finger 138 before bending is
approximately 0.3 inches. The height of the band 140 in addition to the rigid fingers 138 is
approximately 0.44 inches. The rigid fingers 138 may be spaced apart from one another by
approximately 0.06 inches and approximately 0.24 inches to center. Each rigid finger 138 is
approximately 0.18 inches wide. Teeth may be, for example, for PVC pipe couplings of
nominal size 4-inch, 64 teeth, and 6-inch, 92 teeth. More than 20, 40, 60, or 80 teeth may be
provided.

[00108] Although rigid, each of the rigid fingers 138 is displaceable and can be radially
displaced toward and away from the interior surface 120 of the female end 114. Further, ecach
of the rigid fingers 138 may be biascd toward a non-displaced position (as shown in FIG. 22)
at an approximate angle of 40 degrees in the male end receiving chamber 124 unless acted
upon by some force. Preferably, the rigid fingers 138 are made of stainless steel. However,
any number of substantially rigid materials could be used, depending on the application and
the tensile forces involved. In the preferred embodiment, each set of rigid fingers 138 extends
from a band 140 (see FIGS. 17, 19, and 21) that is seated within each of the interior
circumferential grooves 136.

[00109] As shown in FIGS. 17-19, the band 140 may have one or more fingers 138
removed from its ends. Doing so allows for the ends of the band 140 to be attached as shown

in FIG. 20. Attaching the ends of the band 140 may be accomplished by overlapping its ends
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and applying a spot weld as shown in FIG. 21. In some embodiments, the two ends of the
band 140 overlap approximately 0.3 inches.

[00110] FIGS. 23-25 disclose an adapter embodiment of a pipe coupling 188¢ to
convert an existing pipe system 110 having a threaded 192 male end 118 (not shown) into one
having the female end 114a of the push-lock connection system described herein. In this
regard, the pipe coupling 188¢ has a threaded 192 female end 114b configured to receive the
threaded 192 male end 118 at one end and a female end 114a of the push-lock connection
system described herein at the other end. The threaded 192 female end 114b may be coupled
to the threaded 192 male end 118 of the adjacent pipe 110 (not shown) by threading the
threaded 192 female end 114b on the threaded 192 male end 118. Conversely, the female end
114a of the push-lock connection system described herein of the pipe coupling 188 may be
coupled as disclosed above to a male end 118 of the push-lock connection system described
herein.

[00111] External male threads 192 are preferably NPT (American National Standard
Taper Pipe Threads) threads 192 and are intended to be threaded into internal female threads
192 to provide a watertight connection. Internal female end threads 192 are also preferably
NPT threads 192. NPT threads 192 are typically triangular with flat crests and roots.
However, it is anticipated that triangular threads 192, square threads 192, or other thread
profiles might also be utilized.

[00112] FIGS. 26-28 disclose an adapter embodiment of the pipe coupling 188d to
convert an existing pipe system 110 having a male end 118 (not shown) that is smooth/plain
and configured for receiving adhesive into one having the female end 114a of the push-lock
connection system described herein. In this regard, the pipe coupling 188d has a female end
114b configured to reccive a plain male end 118 at onc end and a female end 114a of the
push-lock connection system described herein at the other end. The male end 114b may be
coupled to the male end 118 of the existing pipe 110 (not shown) via gluing (or another
adhesive) or welding the exterior surface 128 of the smooth 194 male end 118 to the interior
surface 120 of the smooth 194 female end 114b. Conversely, the female end 114a of the
push-lock connection system described herein of the pipe coupling 188 may be coupled as
disclosed above to a male end 118 of the push-lock connection system described herein.
[00113] FIGS. 29-31 disclose an adapter embodiment of the pipe coupling 188e to
convert an existing pipe system 110 having a threaded 192 male end 114 (not shown) to
having a male end 118a of the push-lock connection system described herein. In this regard,

the pipe coupling 188 has a threaded 192 female end 114b configured to receive the threaded
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192 male end 118 at one end and a male end 118a of the push-lock connection system
described herein at the other end. The threaded 192 male end 118 of the existing pipe 110 (not
shown) may be threaded into the threaded 192 female end 114b of the pipe coupling 188.
Conversely, the male end 118a of the push-lock connection system described herein of the
pipe coupling 188 may be coupled as disclosed above to a female end 114 of the push-lock
connection system described herein.

[00114] FIGS. 32-34 disclose an adapter embodiment of the pipe coupling 188f to
convert an existing pipe system 110 having a male end 118 (not shown) into a male end 118
having the push-lock connection system described herein. In this regard, the pipe coupling
188 has a smooth female end 114a at onc cnd and a malc end 118b of the push-lock
connection system described herein at the other end. The exterior surface 128 of the smooth
male end 118 of the existing pipe 110 (not shown) may be coupled to the interior surface 120
of the smooth female end 114a of the pipe coupling 188f. Conversely, the male end 118b of
the push-lock connection system described herein of the pipe coupling 188f may be coupled as
disclosed above to a female end 114 of the push-lock connection system described herein.
[00115] FIGS. 35-38 disclose a pipe coupling 188g to extend an existing pipe system
110 having one type of end of the push-lock connection system described herein (i.e., a male
118 or female end 114). In this regard, the pipe coupling 188g has a female end 114a of the
push-lock connection system described herein at one end and a male end 118b of the push-
lock connection system described herein at the other end. The female end 114a of the push-
lock connection system described herein of the pipe coupling 1882 may be coupled as
disclosed above to a male end of the push-lock connection system described herein.
Conversely, the male end 118b of the push-lock connection system described herein of the
pipe coupling 188 may be coupled as disclosed above to a female end 114 of the push-lock
connection system described herein of the adjacent pipes 110, 112.

[00116] FIGS. 39-41 disclose a pipe coupling 188h to convert an existing pipe system
110 having a smooth female end 114 (not shown) to a male end 118 having the push-lock
connection system described herein. In this regard, the pipe coupling 188h has a male end
118a that is smooth 194 at one end and a male end 118b having the push-lock connection
system described herein at the other end. The interior surface 120 of the smooth 194 female
end 114 of the adjacent pipe 110 (not shown) may be coupled to the exterior surface 128 of the
male end 118a of the pipe coupling 188h. Conversely, the male end 118b of the push-lock
connection system described herein of the pipe coupling 188 may be coupled as disclosed

above to a female end 114 of the push-lock connection system described herein.
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[00117] FIGS. 42-44 disclose a pipe coupling 188i to convert an existing pipe system
110 having a threaded 192 female end 114 (not shown) to a male end 118 having the push-
lock connection system described herein. In this regard, the pipe coupling 188 has a threaded
192 male end 118a of the push-lock connection system described herein at one end and a male
end 118b having the push-lock connection system described herein at the other end. The
threaded 192 female end 114 of the existing pipe 110 (not shown) may be threaded onto the
threaded 192 male end 118a of the pipe coupling 188. Conversely, the male end 118b of the
push-lock connection system described herein of the pipe coupling 188i may be coupled as
disclosed above to a female end 114 of the push-lock connection system described herein of
the existing pipe system 110 or a similar adjacent pipe 112.

[00118] FIGS. 45-47 disclose a pipe coupling 188a as shown in FIGS. 9-13 to convert a
pipe having a threaded male end 118 (not shown) to a female end 114b of the push-lock
connection system described herein. In this regard, the pipe coupling 188a has a threaded 192
female end 114a at one end and a female end 118b having the push-lock connection system
described herein at the other end. The threaded 192 male end 118 of an adjacent pipe (not
shown) may be threaded into the threaded 192 female end 114a of the pipe coupling 188a.
Conversely, the female end 114b of the push-lock connection system described herein having
the pipe coupling 188a may be coupled as disclosed above to a male end 118 of the push-lock
connection system described herein of an adjacent pipe. As depicted in FIGS. 46 and 47 the
band 140 of rigid fingers 138 may be installed in the grooves 136 in the interior surface 120 of
the female end 114b.

[00119] Although specific embodiments have been illustrated and described herein,
those of ordinary skill in the art appreciate that any arrangement which is calculated to
achicve the same purposc may be substituted for the specific embodiments shown and that
the embodiments herein have other applications in other environments. This application is
intended to cover any adaptations or variations of the present disclosure. The following
claims are in no way intended to limit the scope of the disclosure to the specific embodiments
described herein. While the foregoing is directed to embodiments of a pipe coupling, other
and further embodiments may be devised without departing from the basic scope thereof, and

the scope thereof is determined by the claims that follow.
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What is claimed is:

1. A pipe coupling for connecting adjacent pipes, comprising:

a first end of a body of the pipe coupling comprising a first connection type;

a second end of a body of the pipe coupling opposite from, integral with, and
seamless with the first end and comprising a second connection type, wherein the second
connection type comprises:

a female end with an interior surface, a thickness, and a female leading edge
terminating the female end of the coupling, the interior surface of the female end defining
a receiving chamber;

at least one interior circumferential first groove formed in the interior surface of
the female end;

a band seated within the at least one circumferential first groove; and

a plurality of rigid fingers formed continuously with and extending from the band
into the receiving chamber at an acute angle directed away from the female leading edge,
the plurality of rigid fingers being displaceable,

wherein the first connection type is a male end having a male leading edge and an
exterior surface, the exterior surface having a circumference smaller in diameter than an
inside diameter of the receiving chamber of the female end, wherein at least one exterior
circumferential groove is defined on the exterior surface of the male end, said at least one
exterior circumferential groove having a trapezoidal groove cross-section, said at least
one exterior circumferential groove defined by a first sidewall, a second sidewall and a
bottom surface, said first and second sidewalls residing in non-perpendicular arrangement to the

bottom surface, with said at least one exterior circumferential groove being sized and
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positioned to receive therein the plurality of rigid fingers extending from a corresponding
at least one interior first circumferential groove in a female end of an adjacent pipe

configured as the second connection type.

2. The pipe coupling of claim 1, wherein the female end defines a sight window comprising
an opening extending through the thickness of the female end and configured to permit viewing
of the position of a male end of an adjacent pipe within the receiving chamber, and wherein the
exterior surface of the male end includes an indication that when viewed through the sight

window indicates that the male end has been fully inserted into the female end.

3. The pipe coupling of claim 2, wherein the indication on the exterior surface of the male

end comprises a coating differing in appearance from the exterior surface.

4. The pipe coupling of claim 2, wherein the indication on the exterior surface of the male

end comprises a groove defined in the exterior surface.

5. A pipe coupling for connecting adjacent pipes, comprising:

a first end of a body comprising a first connection type;

a second end of a body opposite from, integral with, and seamless with the first end and
comprising a second connection type, wherein the second connection type comprises:

a male end having a male leading edge and an exterior surface, the exterior
surface having a circumference, wherein at least one exterior circumferential groove is

defined on the exterior surface of the male end, said at least one exterior circumferential
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groove having a trapezoidal groove cross-section, said at least one exterior circumferential
groove defined by a first sidewall, a second sidewall and a bottom surface, said first and second
sidewalls residing in non-perpendicular arrangement to the bottom surface, with said at least one
exterior circumferential groove being sized and positioned to receive therein a plurality of rigid
fingers, wherein the male end is configured to be received by a third connection type on an
adjacent pipe, the third connection type comprising:

a female end with an interior surface, a thickness, and a female leading edge
terminating the female end of the coupling, the interior surface of the female end defining
a receiving chamber with an interior diameter larger than the diameter of the exterior of
the male end; at least one interior circumferential groove formed in the interior surface of
the female end;

a band seated within the at least one circumferential groove; and

a plurality of rigid fingers formed continuously with and extending from the band into the
recelving chamber at an acute angle directed away from the female leading edge, the
plurality of rigid fingers being displaceable to be received in a corresponding exterior

circumferential groove of the male end.

6. The pipe coupling of claim 5, wherein the first connection type is the same as the second

connection type.

7. The pipe coupling of claim 5, wherein the first connection type is a female threaded end,

configured to at least partially receive a threaded male end of an adjacent pipe, or a threaded
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male end configured to be at least partially received by a threaded female end of an adjacent

pipe.

8. The pipe coupling of claim 5, wherein the first connection type is a smooth female end
configured to at least partially receive a smooth male end of an adjacent pipe, or a smooth male

end configured to be at least partially received by a smooth female end of an adjacent pipe.

9. The pipe coupling of claim 5, wherein the exterior surface of the male end includes an
indication configured to indicate that the male end has been fully inserted into the female end
when viewed through a sight window defined in the female end, the sight window comprising an
opening extending through the thickness of the female end to permit viewing of the position of a

male end of an adjacent pipe within the receiving chamber.

10.  The pipe coupling of claim 9, wherein the indication on the exterior surface of the male

end comprises a coating differing in appearance from the exterior surface.

11.  The pipe coupling of claim 9, wherein the indication on the exterior surface of the male

end comprises a groove defined in the exterior surface.
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