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ABSTRACT

A pipe for connecting to a similar adjacent pipe. The pipe has a male end with a plurality
of rigid fingers extending from within and out of at least one exterior circumferential groove
disposed on its exterior surface. On the female end is at least one interior circumferential groove
sized and positioned to receive the plurality of rigid fingers from a corresponding exterior
circumferential groove on the male end of an adjacent pipe. The number of exterior
circumferential gfooyes on the male end typically corresponds to the number of interior
circumferentia’l. grooves on the female end. When the male end of the pipe inserts into the
female end of a similar adjacent pipe, the plurality of rigid fingers is received within a
corresponding interior circumferential groove on the female end, thereby preventing the male

end of the pipe from being withdrawn from the female end of the similar adjacent pipe.



CA 02708488 2012-09-27

MALE PUSH LOCK PIPE CONNECTION SYSTEM

BACKGROUND OF THE INVENTION
1. Field of the Invention.

[0001] The present invention relates generally to pipe connections and methods
of securely connecting pipes, regardless of the material from which the connecting pipes
are manufactured. More specifically, the preferred embodiment of the present invention
relates to connection system that uses a plurality of rigid locking fingers extending from
the exterior surface of a male end of the pipe and corresponding locking grooves on the
interior surface of a female end of the pipe for receiving rigid locking fingers from a
connecting length of pipe. The present invention offers a quick connection of two
lengths of pipe without gluing, threading, or welding, as well as other advantages
described herein. The connection system can be implemented into lengths of pipe
through a manufacturing process so that the end product is an entire product line of pipe
that employs the present connection system.

2. Description of the Related Art.

[0002] 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 1s 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
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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. External connections such as collars and flanges can
be connected with adhesive, welds, or with threaded fasteners.

{0003] 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 cléaned and the adhesive applied and allowed to cure before the connection can
withstand tensile force. Further, the pipes cénnpt be disconnected without destruction of at least
a portion of the pipe. In threaded connéctions, 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 turn the pipes. Welded connections can 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.

[0004] It is therefore desirable to provide a type of pipe that allows a connection that will
withstand large tensile forces and can be quickly formed with similar adjacent pipes without

tools. It is also desirable to provide a connection that can be achieved regardless of the material

from which the pipe is made.
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BRIEF SUMMARY OF THE INVENTION

[0005] The pipe of the present invention provides the advantage of a connection that can
be quickly formed between pipes of the same or different materials. In addition, the connection
formed between two similar, adjacent pipes may have a comparatively high tensile yield
strength.

[0006] The pipe of the present invention has a female end for receiving a male end of a
similar adjacent pipe. The interior surface of the female end has interior circumferential grooves
and the exterior surface of the male end has correébond ing exterior circumferential grooves.
When the male end of the similar adjacent pipe is fully inserted into the female end, rigid fingers
extending from the exterior circumferential grooves of the male end are received within the
interior circum fcrcntial. grooves of the female end and prevent the male end from being
withdrawn.

[0007] Thc female end of the pif;e 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 the similar adjacent pipe. The interior surface of
the female end has at least one and preferably a plurality of interior circumferential grooves
disposed on it.

[0008] The male end of the pipe 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 circumference which is slightly smaller in diameter than the diameter of the male end
receiving chamber on the female end. 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
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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.

According to one aspect of the invention there 1s provided a single piece of pipe
connectable to a similar adjacent pipe, said single piece of pipe comprising:

a female end with an interior surface and a female leading edge terminating said
female end, said interior surface of said female end defining a male end receiving
chamber;

a male end with a male leading edge and an exterior surface, said exterior surface
having a circumference smaller in diameter than the diameter of said male end receiving
chamber of said female end;

an intermediate length between said female end and said male end;

at least one exterior circumferential groove on the exterior surface of said male
end;

at least one band seated within said at least one exterior circumferential groove on
said male end;

a plurality of rigid fingers extending from said at least one band and from within

and out of said exterior circumferential groove, said plurality of rigid fingers being

displaceable; and

at least one interior circumferential groove on the interior surface of said female
end being sized and positioned to receive therein a plurality of rigid fingers extending
from a corresponding at least one exterior circumferential groove on the male end of said
similar adjacent pipe.
According to a further aspect of the invention there is provided a method of
connecting a male end of a pipe to a female end of a similar adjacent pipe comprising:
extending a plurality of rigid fingers that extend from at least one band from

within and out of at least one exterior circumferential groove on the exterior surface of

said male end of said pipe, said plurality of rigid fingers being displaceable;
4
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receiving a portion of said male end of said pipe within a male end receiving
chamber on said female end of said similar adjacent pipe;

engaging said plurality of rigid fingers with said female end of said similar
adjacent pipe;

displacing said plurality of rigid fingers toward the exterior surface of said male
end of said pipe;

positioning at least one interior circumferential groove on the interior surface of
said female end with respect to said plurality of rigid fingers;

receiving said plurality of rigid fingers into said at least one interior
circumferential groove on said female end;

preventing said male end of said pipe from inserting further into said similar
adjacent pipe; and,

preventing said male end of said pipe from being withdrawn from said female end
of said similar adjacent pipe.

According to another aspect of the invention there is provided a single piece of
pipe connectable to a similar adjacent pipe, said single piece of pipe comprising:

a female end with an inner surface and at least one receiving groove disposed on
said inner surface;

a male end with an outer surface and at least one locking groove disposed on said
outer surface, said at least one locking groove being alignable with said at least one
receiving groove of said female end when said pipe is connected to said similar adjacent
pipe;

a middle length between said female end and said male end; and,

at least one strip of material positioned within said at least one exterior

circumferential groove of said male end; and

at least one set of rigid fingers extending from the at least one strip of material

and out of said at least one locking groove, said rigid fingers each being displaceable and

4da
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receivable within said at least one receiving groove of said female end when said pipe
and said similar adjacent pipe are connected.

[0009] Rigid fingers extend out from the exterior circumferential grooves of the
male end, away from the exterior surface of the male end. Preferably, the rigid fingers
extending from each exterior circumferential groove extend from an elastic ring, which 1s
seated within each of the exterior circumierential grooves.

[0010] The interior circumferential grooves on the female end are confi gured to
receive the rigid fingers extending from within the exterior circumfierential grooves on
the male end of a similar adjacent pipe. During insertion of the male end into the male
end receiving chamber, the rigid fingers on the male end are displaced in a direction
toward the exterior surface of the male end so 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 exterior circumferential grooves on the male end are
positioned within corresponding interior circumferential grooves on the female end. The
rigid fingers and their positioning within the corresponding interior circumferential
grooves prevent the male end from being withdrawn.

According to one embodiment of the invention there is provided the pipe as
described herein wherein said plurality of rigid fingers extend from at least one band
seated within said at least one exterior circumferential groove on said male end.

According to a further embodiment of the invention there i1s provided the pipe as
described herein wherein said band is made from a material which is a metal, polymer, or

fiberglass.

According to another embodiment of the invention there is provided a method of

connecting a female end of a pipe to a male end of a similar adjacent pipe as described

herein wherein said step of extending said plurality of rigid fingers from at least one

interior circumferential groove on the interior surface of said female end of said pipe into

a male end receiving chamber of said female end further comprises:

4b
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extending said plurality of fingers from a band; and,

seating said band within said interior circumferential groove of said female end.

According to yet another embodiment of the invention there is provided the pipe
as described herein wherein said plurality of rigid fingers extend from an elastic ring
seated within said at least one exterior circumferential groove, said plurality of rigid
fingers leveraging against a shoulder positioned within said at least one exterior
circumferential groove when said rigid fingers engage said female end.

According to still another embodiment of the invention there 1s provided a
method of connecting a male end of a pipe to a female end of a similar adjacent pipe as
described herein wherein said plurality of rigid fingers extend from an elastic ring seated
within said at least one exterior circumferential groove and said plurality of rigid' fingers
are leveraged against a shoulder positioned within said at least one exterior
circumferential groove when said rigid fingers engage said female end.

According to a further embodiment of the invention there 1s provided the pipe as
described herein wherein said plurality of rigid fingers extend from an elastic ring seated
within said at least one locking groove, said plurality of rigid fingers leveraging against a

shoulder positioned within said at least one locking groove when said rigid tingers

engage said female end.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Fig. 1 is an exploded perspective view of the preferred embodiment of the
present invention, as shown with the male end of the pipe and the female end of a similar
adjacent pipe.

[0012] Fig. 2 is a cross sectional side view of the preferred embodiment for the

present invention taken along the male end of the pipe and the female end of a similar

adjacent pipe.

4c¢
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[0013] Fig. 3 is a cross sectional side view of the preferred embodiment for the present
invention taken along the male end of the pipe and the female end of a similar adjacent pipe,
with the male end being partially inserted within the female end.

[0014] Fig. 4 is a cross sectional side view of the preferred embodiment for the present
invention taken along the male end of the pipe and the female end of a similar adjacent pipe,
with the male end being fully inserted within the male end receiving chamber and the plurality of
rigid fingers being positioned within their corresponding interior circumnferential grooves.

[0015] Fig. 5 is a cross sectional view showing the side profile of the preferred exterior
circumferential groove on the male end and a finger from the plurality of rigid fingers extending
from a ring seated within the groove, at one stage insertion into the preferred female end of a
similar adjacent pipe.

[0016] Fig. 6 is a cross sectional view showing a portion of the side profile of the
preferred male end at another stage of insertion into the preferred female end of a si‘mi[ar
adjacent pipe.

[0017] Fig. 7 is a cross sectional view showing a portion of the side profile of the
preferred male end at another stage of insertion into the preferred female end of a similar
adjacent pipe.

[0018] Fig. 8 is a cross sectional view showing a portion of the side profile of the
preferred male end fully inserted into the preferred female end of a similar adjacent pipe, with

the plurality of rigid fingers being positioned within their corresponding interior circumferential

grooves of the female end.

[0019] Fig. 9 is a perspective view of the preferred embodiment of the rigid fingers

extending from a ring of elastomeric material.
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[0020] Fig. 10 is a side view of a portion of the preferred nigid fingers during a
manufacturing stage that is prior to the strip of elastomeric material being deposited on the
proximal end of the fingers, with a band extending between the distal ends of the rigid fingers.

[0021] Fig. 11 is a side view of a portion of the preferrea rigid fingers during a

manufacturing stage after the strip of elastomeric material is deposited on the proximal end of

the fingers.

[0022] Fig. 12 is a side view of a portion of the preferred rigid fingers during the final
manufacturing stage after the strip of elastomeric material is deposited on the proximal end of
the fingers and the band extending between the rigid fingers has been removed.

[0023] Fig. 13 is a cross sectional view showing the side profile of the preferred exterior
ctrcumferential groove on the male end and a finger from the plurality of rigid fingers extending

from a band seated within the groove.

[0024] Fig. 14 is a perspective view showing an alternative embodiment of the rigid

fingers with the fingers extending from a band.

DETAILED DESCRIPTION OF THE INVENTION

[0025] Referring to Figs. 1-4, the preferred embodiment of the present invention is

shown with a pipe 10 and a similar adjacent pipe 12. In practice, the pipe 10 has the same

structure as the similar adjacent pipe 12 and therefore, a description of structure that is present
for the similar adjacent pipe 12 in the Figures applies equally to a description of the structure for

the pipe 10, and vice versa.

[0026] Pipe 10 has a female end 14, a male end 18, and an intermediate length 16

therebetween. Referring to Figs. 1 and 2, the female end 14 has an interior surface 20 and a
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female leading edge 22 that terminates the female end 14. As shown in Figs. 1-4, the female
leading edge 22 has a bevel 24 at the outer diameter of the female end 14 in the preferred
embodiment. Alternatively, the female leading edge 22 may have a bevel at the inner diameter
of the female end 14 or may not be beveled at all. The interior surface 20 of the female end 14
defines a male end receiving chamber 26, which is essentially the interior space within the
fcfnale end 14. The male end 18 of the pipe 10 has a male leading edge 28 and an exterior
surface 30 with a circumference that is smaller in diameter than the diameter of the male end
receiving chamber 26 on the female end 14.

[0027] Preferably, the male end receiving chamber 26 will ultimately receive the male
end 18 of the similar adjacent pipe 12 with minimal clearance when the pipes are connected and
may even create an interference fit; however, it is anticipated that certain applications may
require a large clearance between connected pipes. In addition, the pipe 10 is sized according to
the outer diameter of its intermediate length 16 and has a tensile yield strength that is largely
dependent on the material from which pipe 10 is made.

[0028] A stop member 32 is disposed on the pipe 10 preferably at the interior end of the
male end receiving chamber 26. In the preferred embodiment, as shown in Figs. 1-4, the
diameter of the male end receiving chamber 26 is larger than the interior diameter of the
intermediate length 16. As suc;,h, the stop member 32 in the preferred embodiment is a
circumferential shoulder formed by the reduction in diameter from the male end receiving
chamber 26 to the interior diameter of the intermediate length 16. However, it is anticipated that
stop member 32 could be other forms of circumferential shoulders, such as those present in

“Flush Mount™ connections or a shoulder on the exterior surface 30 of the male end 18. Further,
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stop member 32 could be other types of structure which limit the amount of insertion of the male
end 18 into the female end 14 and which are well known in the art.

[0029] The interior surface 20 of the female end 14 has a plurality of interior
circumferential grooves 34 disposed on it. In the preferred embodiment, the number of interior
circumferential grooves 34 is four. However, it is anticipated that this number could be more or
less, and even as few as one, depending upon the application. As shown in Figs. 6-8, each of the
preferred interior cifcumferential grooves 34 preferably has a generally trapezoidal cross-section
with a first.sidewall 36, a second sidewall 38, and a bottom surface 40. Although preferably
trapezoidal, it is anticipated that the interior circumferential grooves 34 could have a variety of
cross-sections and may not even have; the second sidewall 38, as long as the first sidewall 36 and
the bottom surface 40 are present.

[0030] The first sidewall 36 in each of the interior circumferential grooves 34 is present
on the side of the grooves nearest the female leading edge 22. The first sidewall 36 is critical for
the present invention to achieve its objectives, as further discussed below. For the time being, it
should be noted that in the preferred embodiment, the first sidewall 36 is straight and transverse
to the interior surface 20 of the female end 14. Alternatively, the first sidewall 36 could extend
from the interior surface 20 of the female end 14 at an angle toward the female leading edge 22.
Further, the first sidewall 36 could also be curved in alternative embodiments.

[0031] The preferred interior circumferential grooves 34 also have the second sidewall
38‘angled away from the female leading edge 22, thereby creating an obtuse angle between the
bottom surface 40 and the second sidewall 38. As will be seen, angling the second sidewall 38

away from the female leading edge 22 decreases the amount of insertion force required to insert

the male end 18 of the similar adjacent pipe 12 into the female end 14 of the pipe 10.
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[0032] A plurality of exterior gircumferential grooves 42 are disposed on the exterior
surface 30 of the male end 18. Preferably, the number of exterior circumferential grooves 42 on
the male end 18 will correspond with the number of interior circumferential grooves 34 on the
interior surface 20 of the female end 14. Additionally, in the preferred embodiment, at least one
circumferential sealing groove 44 with an O-ring 52 seated therein is also disposed on the
exterior surface 30 of the male end 18. However, it is anticipated that in certain applications the
circumferential sealing groove 44 and the O-ring 52 may be present on the interior surface 20 of
the female end 14 or may not be present at all.

[0033] A set of rigid fingers 48 extends out from within each of the exterior
circumferential grooves 42 and each of the fingers 48 terminates at a distal end 50 {see Fig. 5)
which is positioned out of the exterior circumferential grooves 42. Although rigid, each of the
rigid fingers 48 is displaceable and the distal end S0 can be radially displaced in a direction
toward and away from the exterior surface 30 of the male end 18. Preferably, the rigid fingers 38
are made of stainless steel but any number of substantially rigid materials could be used,
depending on the application and the tensile forces involved.

{0034] The distal end 50 of each of the rigid fingers 48 is biased toward a non-displaced
position (as shown in Fig. 5) out of the exterior circumferential grooves 42 unless acted upon by
some force. However, each distal end 50 may partially enter into, and perhaps totally enter into,
its respective exterior circumferential groove during insertion of the male end 18 of the pipe 10
into the female end 14 of the similar adjacent pipe 12, depending on the amount of clearance
between the male end 18 and the female end 14.

[0035] In the preferred embodiment, each set of rigid fingers 48 extends from a band 53

that is formed from a continuous length of material and the band 53 has its ends joined so as to
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form a ring 52 that is seated within each of the exterior circumferential grooves 42 (see Figs. 9-
12). Preferably the ring 52 is elastic, is made from an elastomer, and has a rectangular cross-
section profile, and each of the rigid fingers 48 has a proximal end 56 embedded within the ring
52 (see Figs. 10-12). Being made from an elastomer, the preferred ring 52 can elastically deform
and return to its original shape without affecting the integrity of the ring 52. The ring 52 extends
circumferentially around the male end 18 of the pipe 10 and is preferably sized such that the ring
52 exerts a radially compressive force on ‘a bottom surface 58 (see Fig. 5) of the exterior
circumferential grooves 42. In other words, preferably the diameter of the ring 52 in its non-
deformed state is smaller than the outer diameter of the male end 18 at the bottom surface 58 of
the exterior circumferential grooves 42,

{0036] It is anticipatcd; however, that the ring 52 may be formed from a material or
materials that are not elastomers, or, the band 53 may not have its ends connected so as to form
the ring 52. For example, the band 53 may be made from a material such as spring steel with the
proximal end 56 of the rigid fingers 48 contiguous with or connected to the band 53. The band
53 would be seated within each of the exterior circumferential grooves 42 such that the rigid
fingers 48 would extend out of the exterior circumferential grooves 42, as shown in Figs. 13 &
14. As shown in Fig. 14, the band 53 in this alternative embodiment would not extend
circumf'erential ly around the entire circumference of the male end 18 because the ends of the
band 53 are not joined. As a further alternative embodiment, the rigid fingers 48 may extend
from a material that partially or completely fills the exterior circumferential groovcsl 42 (not

shown), such that the proximal end 56 of each of the rigid fingers 48 is embedded within the

material.

10
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[0037] With the rigtd fingers 48 extending out of the exterior circumferential grooves 42,
an angle a is created between the exterior surface 30 of the male end 18 and each of the rigid
fingers 48 (see Fig. 5), before insertion of the male end 18 into the female end 14 of a similar
adjacent pipe 12. In the preferred embodiment, the angle a formed between the rigid fingers 48
and the exterior surface is 90°. However, the angle o may differ as between each set of rigid
fingers 48 or even as between individual rigid fingers 48 within a single set, depending on the
orientation of the elastic ring 52.

[0038] Figs. 5-8 show the preferred embodiment the exterior circumferential grooves 42,
which have a generally rectangular cross section profile with a first sidewall 60, a second
sidewall 62, the bottom surface 58, and a shoulder 64 positioned in the groove adjacent the first
sidewall 60. The shoulder 64 has a top surface 66, a side surface 68, and an edge 70 positioned
at the junction between the top surface 66 and the side surface 68.

. {0039] In the preferred embodiment, the ring 52 is seated between the second sidewall 62
and the side surface 68 of the shoulder 64 of the exterior circumferential grooves 42. When the
male end 18 is inserted into the female end 14 and minimal clearance exists therebetween, the
distal end 50 of each of the rigid fingers 48 is temporarily displaced in a direction toward the
exterior surface 30 of the male end 18 and the length of the rigid ﬁngers' 48 are positioned at
least partially, if not totally, in the exterior circumferential grooves 42. In this regard, the distal
end 50 of each of the rigid fingers 48 (see Fig. 5) displaces into the space between the top surface
66 of the shoulder 64 and the top edge of the first sidewall 60 of ‘thc exterior circumferential
grooves 42 (see Figs. 6 & 7).

[0040] Fig. 3 shows the male end 18 of the pipe 10 partially inserted into the male end

receiving chamber 26 of.the female end 14 of the similar adjacent pipe 12. As shown, the male

11
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leading edge 28 of the male end 18 is beveled in the preferred embodiment of the pipe 10, w.ith
the bevel being set at an approximately 20° radially inward angle with respect to the exterior
surface 30 of the male end 18.

[0041] As discussed briefly above, the clastic ring 52 may be seated differently from one
exterior circumferential groove to another because each ring 52 may have different orientation
within each exterior circumferential groove. As a result, the angle o may be different for one set
of rigid fingers 48 as compared to another set of rigid fingers 48 prior to 'iﬂs&tion of the male
end 18 into the female end 14. Further, the angle o may even differ among individual rigid
fingers 48 in a.single set prior to insertion because the elasticity of the preferred ring 52 of allows
the ring 52 to partially rotate, or twist, within a single exterior circumferential groove. However,
as the female leading edge 22 of the ferhale end 14 of the similar adjacent pipe 12 contacts the
rigid fingers 48 during insertion of the male end 18 of the pipe 10 each of the rigid fingers 48 is
caused to rotate clockwise as shown in Figs. 2-4. It can be appreciated that if the pipes shown
were oriented in the opposite direction, the rotation of the rigid fingers 48 would be
counterclockwise.

[0042] As noted, the female leading edge 22 of the female end 14 preferably has the
bevel 24 cut into its outer diameter, which facilitates proper orientation of each of the rigid
fingers 48 when the male end 18 of the pipe 10 is inserted into the female end 14 of the similar
adjacent pipe 12. The bevel 24 allows the female leading edge 22 of the similar adjacent pipe 12
to slide under any of the rigid fingers 48 oriented such that their distal end S0 faces toward the
male leading edge 28 of the pipe 10. With the bevel 24 under the rigid fingers 48, the female end
14 of the similar adjacent pipe 12 lifts the distal end 50 and rotates the rigid fingers 48

clockwise, displacing the distal end 50 of each of the rigid fingers 48 away from the male leading

12
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edge 28 of the pipe 10. Preferably, the bevel 24 is set at an approximately 45" radially inward
angle with respect to the exterior #urfacc of the female end 14.

[0043] As the male end 18 is inserted in to the male end receiving chamber 26, the
interior surface 20 of the female end 14 contacts the sets of rigid fingers 48 and causes the distal
end 50 of the rigid fingers 48 to be displaced toward the exterior surface 30 of the male end 13
(see Figs. 6 & 7). In the preferred embodiment, the rigid fingers 48 contact the edge 70 of the
shoulder 64 in the exterior circumferential grooves 42. Once the rigid fingers 48 ‘contact the
edge 70 of the shoulder 64, the edge 70 acts as a fulcrum causing further clockwise rotation of
the rigid fingers 48 around the edge 70 and causing the distal end 50 of each of the rigid fingers
48 to displace toward the exterior surface 30 of the male end 18. Meanwhile, rotation of the
rigid fingers 48 causes the proximal end 56 of each of the rigid fingers 48 to lift the elastic ring
52 from the bottom surface 58 of the exterior circumferential grooves 42 and displace it in a
direction away from the bottom surface 58, and, thereby elastically deforming the elastic ring 52
(see Fig. 7).

[0044] The now elastically deformed ring 52, as shown in Fig. 7, will try to return to its
original resting position prior to insertion of the male end 18 of the pipe into the female end 14
of the similar adjacent pipe 12, as shown in Fig. 2. Thus, the elastic ring 52 exerts a radially
inward force on thg proximal end 56 of each of the rigid fingers 48, effectively pulling or biasing
each proximal end 56 of the rigid fingers 48 toward the bottom surface 58 of the exterior
“circumferential grooves 42,

{0045] Fig. 4 shows the male end 18 of the pipe 10 fully inserted into the male end

receiving chamber 26 on the female end 14 of the similar adjacent pipe 12. When fully inserted,

13
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the male leading edge 28 of the male end 18 abuts the stop member 32 and male end 18 of the
pipe 10 is prevented from further insertion into the similar adjacent pipe 12.

[0046] With the male end 18 fully inserted into the female end 14 the sets of rigid fingers
48 are positioned over their corresponding interior circumferential grooves 34 on the female end
14 of a similar adjacent pipe 12. The pulling or biasing force described above causes the rigid
fingers 48 to rotate counterclockwise about the edge 70 of the shoulder 64, displacing the distal
end 50 of each of the rigid fingers 48 toward the corresponding interior circumferential grooves
34. In this manner, the distal end 50 of each of the rigid fingers 48 is received within the
corresponding interior circumferential grooves 34 on the interior surface 20 of the female end 14
(see Fig. 8). As noted, in the preferred embodiment the pulling or biasing force is caused by the
preferred elastic ring 52 pulling the proximal end 56 of each of the rigid fingers 48 back toward
the bottom surface 58 of the exterior circumferential grooves 42.

{G047] Preferably, a set of rigid fingers 48 becomes positioned within each interior
circumferential groove such that the distal end 50 (see Fig. 5) of each of the rigid fingers 48
abuts the first sidewall 36 of the interior circumferential grooves 34; however, it is anticipated
that abutment may not be achieved until tensile forces are applied to the connection between the
pipe 10 and the similar adjacent pipe 12, The abutment of each distal end 50 of the rigid fingers
48 against the first sidewall 36 prevents withdrawal of the male end 18 of the pipe 10 out of the
male end receiving chamber 26 of the female end 14 of the similar adjacent pipe 12, thereby
locking the pipe 10 and the similar adjacent pipe 12 together.

[0048] Figs. 10-12 show various manufacturing stages for the preferred embodiment of a
portion of a set of rigid fingers 48 before the ends of the band 53 have been joined and the ring

52 1s formed. Fig. 10 shows the rigid fingers 48 before the band 53 of an elastomeric material 54
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is molded around the proximal end 56 of each of the rigid fingers 48. As shown, a holding band
72 has tabs 73 which connect to each of the distal ends of the rigid fingers 48. The holding band
72, tabs 73, and the rigid fingers 48 are made from the same integral piece of rigid material,
which has been stamped out, cut by a water jet, or otherwise formed from manufacturing
processes that are well knbwn in the art. Further, a hole 74 is stamped, cut, or otherwise formed
in the proximal end 56 of each of the rigid fingers 48 from manufacturing processes that are well
known in the art.

[0049] After the rigid fingers 48, the holding band 72, and the hole 74 are formed, the
clastomeric material 54 is deposited to surround the proximal end 56 of the rigid fingers 48 (see
Fig. 11). Preferably, the proximal end 56 of the rigid fingers 48 is inserted into a rectangular
mold (not shown) and the elastomeric material 54 is injected into the mold. Preferably, the
elastomeric material 54 flows around the proximal end 56 and through the hole 74 of each of the
rigid fingers 48 during injection, thereby allowing a mechanical connection to be formed
between the rigid fingers 48 and the elastomeric material 54. Alternatively, a chemical bond (not
shown) could be formed between the elastomeric material 54 and the rigid fingers 48, which
results from bonding processes well known in the art.

{0050] Once injected, the elastomeric material 54 is then allowed to cure and preferably

undergoes vulcanization processes as part of the curing. Once fully cured, the rectangular mold
Is removed from around the now band 53 of elastomeric material 54. After the rectangular mold
(not shown) is removed, the holding band 72 and the tabs 73 are removed, preferably by cutting
along the dotted line 76 at the distal end 50 of each of the rigid fingers 48, as shown in Fig. 1.

Fig. 12 shows the rigid fingers 48 after the holding band 72 has been removed. Once the holding
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band 72 is removed, the ends of the band 53 of elastomeric material 54 are joined, thereby
creating the preferred elastic ring 52 of elastomeric material 54. ‘

[0051] The number, shape, and size of rigid fingers 48 in each set of rigid fingers 48 is a
design choice that depends on the application of the invention. With a 4° Nominal Pipe Size
Schedule 40 PVC pipe, the preferred embodiment of the present invention has fifty-eight (58)
stainless steel fingers in each set, with one set per exterior circumferential groove. Each of the
rigid fingers 48 is 0.180 inches wide, 0.300 inches long, and 0.030 thick, prior to depositing the
elastomeric material 54. Further, the sets of rigid fingers 48 have a 0.060 inch gap between each
finger. As mentioned, the ring 52 preferably has a rectangular cross section, which is
approximately, 0.040 inches .high and 0.060 inches long prior to deformation. The pre-
deformation circumference of the ring 52 varies, depending on the type of material from which it
is made.

[0052] In the preferred embodiment, the amount of insertion force required to insert the
male end 18 into the female end 14 can be varied by altering a number of factors. As noted, the
ring 52 preferably is seated between the second sidewall 62 of the exterior circumferential
grooves 42 and the side surface 68 of the shoulder 64. Altering the distance between the second
sidewall 62 and the side surface 68 of the shoulder 64 will increase or decrease the amount of
insertion force required. Other ways to alter the insertion force are to vary the length of the rigid
fingers 48 or alter the length of the side surface 68 of the shoﬁlder 68. In addition, the insertion
force i1s reduced by the angled sec;ond sidewall 38 of the preferred interior circumferential
grooves 34.

[0053] Another way to increase or decrease the amount of insertion force is by varying

the hardness, or durometer, of the elastomeric material 54 of the ring 52. The softer the
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durometer of the material chosen for the ring 52, the easier it i1s for the ring 52 to

elastically deform. Preferably, the elastomeric material 54 is a polymer such as Viton®

or Buna-N (AKA Nitrile) having a “40 Shore A” durometer rating. Viton® and Buna-N

(AKA Nitrile) are materials commonly used in o-rings for pipes and the materials are
compatible in environments where the pipe 10 1s continuously exposed to water.
However, EPDM rubber or other types of material may be used, depending on the

application and the environments encountered by the ring 52.
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The embodiments of the invention 1n which an exclusive property or privilege 1s

claimed are defined as follows:

1. A single piece of pipe connectable to a similar adjacent pipe, said single piece of
pipe comprising:

a female end with an interior surface and a female leading edge terminating said
female end, said interior surface of said female end defining a male end receiving
chamber;

a male end with a male leading edge and an exterior surface, said exterior surface
having a circumference smaller in diameter than the diameter of said male end receiving
chamber of said female end;

an intermediate length between said female end and said male end;

at least one exterior circumferential groove on the exterior surface of said male
end;

at least one band seated within said at least one exterior circumferential groove on
said male end;

a plurality of rigid fingers extending from said at least one band and from within
and out of said exterior circumferential groove, said plurality of rigid fingers being
displaceable; and

at least one interior circumferential groove on the interior surface of said female
end being sized and positioned to receive therein a plurality of rigid fingers extending

from a corresponding at least one exterior circumferential groove on the male end of said

similar adjacent pipe.

2. The pipe as recited in claim 1 wherein at least one finger of said plurality of rigid
fingers has a proximal end at said at least one band and an opposite distal end that abuts a

sidewall of at least one interior circumferential groove on the interior surface of the

female end of said adjacent pipe.

3. The pipe as recited in claim 1 or 2 wherein said at least one exterior

circumferential groove has a substantially rectangular cross section.

4. The pipe as recited in any one of claims 1 to 3 wherein said at least one interior
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circumferential groove has a substantially trapezoidal cross section.

5. The pipe as recited in any one of claims 1 to 4 wherein said at least one interior
circumferential groove is a plurality of interior circumferential grooves and said at least

one exterior circumferential groove is a plurality of exterior circumferential grooves.

6. The pipe as recited in any one of claims 1 to 5 wherein said diameter of said male

end receiving chamber is larger than the interior diameter of said intermediate length.

7. The pipe as recited in any one of claims 1 to 6 wherein said male end further
comprises at least one exterior circumferential sealing groove with an o-ring seated

therein, said at least one exterior circumferential sealing groove being positioned on said

exterior surface of said male end.

8. The pipe as recited in any one of claims 1 to 7 wherein said male leading edge of

said male end 1s beveled.

9. The pipe as recited in any one of claims 1 to 8 further comprising a stop member

disposed on said pipe.

10.  The pipe as recited in claim 9 wherein said stop member is a circumferential

shoulder around the interior circumference of said female end positioned at the inner end

of the male end receiving chamber, opposite the female leading edge.

11.  The pipe as recited in any one of claims 1 to 10 wherein said at least one exterior
circumferential groove defines a shoulder positioned within said groove, said shoulder
having a top surface and a side surface that meet to form an edge, and wherein said at

least one band is positioned at least partially between said side surface of said shoulder

and a sidewall of said at least one exterior circumferential groove.

12.  The pipe as recited in claim 11 wherein at least one finger of said plurality of

rigid fingers contacts said edge when the single piece of pipe is connected with the

similar adjacent pipe.
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13.  The pipe as recited 1in any one of claims 1 to 12 wherein said at least one band 1s

made from a continuous length of material.

14.  The pipe as recited in claim 13 wherein said at least one band has ends that are

joined to form a ring.

15.  The pipe as recited in claim 13 or 14 wherein said at least one band 1s made from

a material that is a metal, polymer, or fiberglass.

16.  The pipe as recited in claim 15 wherein said band is elastic.

17.  The pipe as recited in any one of claims 13 to 16 wherein said band 1s a ring.
18.  The pipe as recited in claim 17 wherein said band comprises a polymer.

19.  The pipe as recited in claim 18 wherein said polymer 1s an elastomer.

20.  The pipe as recited in claim 19 wherein said ring is sized to exert a radially

compressive force on the bottom of said at least one exterior circumferential groove

when said plurality of fingers is not displaced.

21.  The pipe as recited in any one of claims 1 to 20 wherein said female leading edge

of said female end is beveled.

22.  The pipe as recited in claim 21 wherein said female leading edge 1s beveled at its

outside diameter.

23.  The pipe as recited in claim 1 wherein said plurality of rigid fingers extend from
an elastic ring seated within said at least one exterior circumferential groove, said
plurality of rigid fingers leveraging against a shoulder positioned within said at least one

exterior circumferential groove when said rigid fingers engage said female end.

20



CA 02708488 2013-07-15

24. A method of connecting a male end of a pipe to a female end of a similar adjacent
pipe comprising:

extending a plurality of rigid fingers that extend from at least one band from
within and out of at least one exterior circumferential groove on the exterior surface of
said male end of said pipe, said plurality of rigid fingers being displaceable;

receiving a portion of said male end of said pipe within a male end receiving
chamber on said female end of said similar adjacent pipe;

engaging said plurality of rigid fingers with said female end of said similar
adjacent pipe;

displacing said plurality of rigid fingers toward the exterior surface of said male
end of said pipe;

positioning at least one interior circumferential groove on the interior surface of
said female end with respect to said plurality of rigid fingers;

receiving said plurality of rigid fingers into said at least one interior
circumferential groove on said female end;

preventing said male end of said pipe from inserting further into said similar
adjacent pipe; and,

preventing said male end of said pipe from being withdrawn from said female end

of said similar adjacent pipe.

25. A method of connecting a male end of a pipe to a female end of a similar adjacent
pipe as recited in claim 24 wherein said step of preventing said male end of said pipe
from inserting further into said pipe further comprises engaging said male end of said

pipe with a stop member positioned on the interior surface of said female end of said

similar adjacent pipe.

26. A method of connecting a male end of a pipe to a female end of a similar adjacent
pipe as recited in claim 24 wherein said step of preventing said male end of said pipe
from being withdrawn from said female end of said similar adjacent pipe further
comprises engaging distal ends of said plurality of rigid fingers against a sidewall of said

at least one interior circumferential groove of said female end.

27. A method of connecting a male end of a pipe to a female end of a similar adjacent
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pipe as recited 1n any one of claims 24 to 26 wherein said plurality of rigid fingers extend

from an elastic ring seated within said at least one exterior circumferential groove and
said plurality of rigid fingers are leveraged against a shoulder positioned within said at

least one exterior circumferential groove when said rigid fingers engage said female end.

28. A method of connecting a male end of a pipe to a female end of a similar adjacent
pipe as recited 1in any one of claims 24 to 26 wherein said step of extending said plurality
of rigid fingers that extend from at least one band from within and out of at least one
exterior circumferential groove on the exterior surface of said male end of said pipe
further comprises:

extending said plurality of fingers from an elastic ring comprising the at least one
band; and,

seating said ring within said exterior circumferential groove of said male end.

29. A method of connecting a male end of a pipe to a female end of a similar adjacent
pipe as recited in claim 28 wherein said step of engaging said plurality of rigid fingers
with said female end of said similar adjacent pipe further comprises:

contacting said plurality of rigid fingers with a female leading edge of said
female end of said similar adjacent pipe; and,

orienting the distal end of said plurality of rigid fingers away from a male

leading edge of said male end of said pipe.

30. A method of connecting a male end of a pipe to a female end of a similar adjacent

pipe as recited in claim 28 or 29 wherein said step of displacing said plurality of rigid
fingers toward the exterior surface of said male end of said pipe further comprises:

leveraging said plurality of rigid fingers against a shoulder positioned within said

at least one exterior circumferential groove; and,

elastically deforming said elastic ring.

31. A method of connecting a male end of a pipe to a female end of a similar
adjacent pipe as recited in claim 30 wherein said step of receiving said plurality of

rigid fingers into said at least one interior circumferential groove on said female end

further comprises:
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returning said elastic ring close to, if not completely to, its resting size within

said at least one exterior circumferential groove on said male end.

32. A method of connecting a female end of a pipe to a male end of a similar
adjacent pipe as recited in any one of claims 24 to 26 wherein said step of extending said
plurality of rigid fingers from at least one interior circumferential groove on the interior
surface of said female end of said pipe into a male end receiving chamber of said female
end further comprises:

extending said plurality of fingers from a band; and,

seating said band within said interior circumferential groove of said female end.

33. A single piece of pipe connectable to a similar adjacent pipe, said single piece of
pipe comprising:
a female end with an inner surface and at least one receiving groove disposed on

said inner surface;

a male end with an outer surface and at least one locking groove disposed on said
outer surface, said at least one locking groove being alignable with said at least one

receiving groove of said female end when said pipe is connected to said similar adjacent

pipe;
a middle length between said female end and said male end; and,

at least one strip of material positioned within said at least one exterior

circumferential groove of said male end; and

at least one set of rigid fingers extending from the at least one strip of materal

and out of said at least one locking groove, said rigid fingers each being displaceable and

receivable within said at least one receiving groove of said female end when said pipe

and said similar adjacent pipe are connected.

34.  The pipe as recited in claim 33 wherein said at least one strip of material fully

encircles said male end within said at least one locking groove in which said at least one

strip of matenial 1s positioned.

35.  The pipe as recited in claim 34 wherein said at least one strip of material

comprises an elastomer.
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36.  The pipe as recited in claim 34 or 35 wherein said at least one strip of material 1s
clastic.
37.  The pipe as recited in any one of claims 34 to 36 wherein said at least one

receiving groove of said female end is a plurality of receiving grooves and said at least

one locking groove of said male end is a plurality of locking grooves.

38.  The pipe as recited in any one of claims 32 to 36 wherein said plurality of rigid
fingers extend from an elastic ring seated within said at least one locking groove, said
plurality of rigid fingers leveraging against a shoulder positioned within said at least one

locking groove when said rigid fingers engage said female end.

39.  The pipe as recited in any one of claims 33 to 38 wherein said at least one exterior
circumferential groove defines a shoulder positioned within said groove, said shoulder
having a top surface and a side surface that meet to form an edge, and wherein said at
least one strip of material is positioned at least partially between said side surface of said

shoulder and a sidewall of said at least one exterior circumferential groove.

40.  The pipe as recited in claim 39 wherein at least one finger of said plurality of
rigid fingers contacts said edge when the single piece of pipe is connected with the

similar adjacent pipe.
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