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DESCRIPTION

BACKGROUND

Technical Field

[0001] The present disclosure relates to fittings, such as pipe couplings, pipe connectors, and pipe end caps.

Description of the Related Art

[0002] The waterworks, oil, gas, and chemical industries generally employ pipes or other hollow bodies to transport water and
other fluids. Fittings are structural elements that are typically employed to mechanically couple individual pipes or other hollow
bodies to other system components. For example, a fitting can act as a connection component in conjunction with a valve, a
hydrant, or a flange end. In addition, some pipes include an integrated fitting type structure on one end to facilitate coupling.
Fittings are installed in both above ground and below ground applications. For example, they can be used in manufacturing plants
for a variety of applications, including on conduit, such as electrical conduit or on heating, ventilation, and air conditioning
applications. The materials used for pipes or other hollow bodies, such as conduits, can vary depending on the application. As
such, particular fittings have been developed for use with particular materials, such as steel, cast iron, cement, plastic, and other
kinds of materials.

[0003] The size of the pipe or other hollow body can also vary depending on the application. Accordingly, fittings have been
developed that flexibly
couple hollow bodies having different diameters. These fittings typically rely on adjustable seals.

[0004] One type of conventional fitting is a pipe coupling that is configured to couple pipes of varying size includes a series of
parallel bolts distributed circumferentially around a cylindrical body adapted to receive the pipe. In order to achieve a seal, the
bolts pull a ring, on the end of the fitting, inwardly to wedge a seal between the pipe, the fitting body and the ring, from the outside
toward the inside.

[0005] Another aspect of pipe coupling relates to axial restraint of the pipes to prevent de-coupling. Some conventional restraint
systems include grippers that are wedged between the pipe coupling and the pipe to prevent axal translation of the pipe relative
to the coupling. In some pipe couplings, the grippers are teeth that are embedded as part of a seal. In other conventional pipe
couplings, axial restraint is achieved with a series of lugs that are located separate from a sealing gasket and are arranged
circumferentially around a pipe in a ring. Radially tightening an individual bolt associated with each respective lug secures the
lugs to the pipe to create the desired restraint.

[0006] Other conventional couplings employ a band-clamp that can be radially tightened about the pipe. These couplings can
employ, in one example, steel bands or rings that surround the pipe to achieve restraint.

[0007] DE 208911 C discloses a sleeve connection for high pressured pipes, whereby between an outside cap and a ring
present in the sleeve a seal is pressed-in slightly by means of screws which are fastened in the ring. The cap encompasses a
sleeve in order to prevent an expansion of the edge of the sleeve.

[0008] US 3,301,567 A discloses a pipe joint seal which is located in a bell end and surrounds a pipe end. The seal includes an
annular compressible gasket bearing against a seat in the bell end. This gasket is adapted to fit around the pipe end and is
formed with a bevelled surface which corresponds to and faces the seat bevel. An actuating ring is mounted for circumferential
movement in the bell end and may be moved in an axal direction towards the gasket steering rotation thereof. The actuating ring
is mounted in an annular groove formed in the inner surface of the bell end. A shoulder is formed in the bell end which is
interrupted by a plurality of recesses formed therein and communicating with the groove. The actuating ring includes a plurality of
lugs radiating therefrom, said lugs being movable through recesses in shoulder into the groove when the actuating ring is
inserted into the bell end. Rotation of the ring moves the lugs behind the shoulder so that said ring can move circumferentially,
but cannot move in an axial direction.

BRIEF SUMMARY
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[0009] It has been recognized that conventional fittings, such as pipe couplings, that employ a series of parallel bolts can be
problematic for a number of reasons. For example, a worker who installs a pipe coupling on-site in a ditch will need to tighten the
series of bolts incrementally around the circumference of the coupling in order for the seals to be seated properly. One
advantage of reducing the number of bolts needed for a coupling is that it tends to be quick and easy to install, in lieu of the
larger number of bolts that are typical to systems that pull a ring toward the fitting body and compress the seal.

[0010] In one embodiment, a fiting of the present disclosure includes a draw mechanism that pulls an annular seal axally
outward to form an effective seal with pipes of varying sizes and materials. The fitting includes a hollow body that includes an
opening at a first end. A sealing member is positioned on an interior surface of the hollow body. The draw mechanism includes a
primary actuation element coupled with the hollow body at the first end and a plurality of secondary actuation elements coupled to
the sealing member. The plurality of secondary actuation elements are positioned in an interior of the hollow body and
circumferentially spaced from each other. The plurality of secondary actuation elements are engaged with the primary actuation
element such that actuation of the primary actuation element draws the plurality of secondary actuation elements axally towards
the opening at the first end of the hollow body, thereby translating the sealing member from an open position to a sealing
position.

[0011] In a further embodiment, the fitting can include a gripping element coupled to one of the plurality of secondary actuation
members such that the gripping element is moved axally towards the opening at the first end of the hollow body and radially
inward towards the longitudinal axis of the hollow body from an open position to an engaged position by actuating the primary
actuation element. The gripping element can abut the sealing member.

[0012] In one embodiment, the gripping element is not fixedly attached to either of the one of the plurality of secondary actuation
members or the sealing member. This advantageously can allow for the gripping element to float relative to the hollow body and
accommodate varying pipe sizes and cross-sectional shapes.

[0013] In another embodiment, the fitting includes a plurality of gripping elements. The number of gripping elements may be less
than the number of secondary actuation elements. In other example, there may be more gripping elements than secondary
actuation elements, depending on how the gripping elements are structured.

[0014] The primary actuation element may be rotatably mounted to an exterior surface on the first end of the hollow body. The
first end of the hollow body may include a plurality of circumferentially spaced tapered tabs that converge towards the longitudinal
axis at the first end. Adjacent ones of the tabs are separated in the first circumferential direction by longitudinally extending slots.
The secondary actuation members can each extend through a respective one of the longitudinally extending slots.

[0015] In one embodiment, the primary actuation element includes a plurality of sloped surfaces and each one of the secondary
actuation elements is engaged with a respective one of the plurality of sloped surfaces.

[0016] In one embodiment, the primary actuation element is rotatably coupled with the hollow body at the first end and rotation of
the primary actuation element in a first circumferential direction with respect to the longitudinal axis of the hollow body draws the
plurality of secondary actuation elements axially towards the opening at the first end of the hollow body thereby translating the
sealing member from an open position to a sealing position.

[0017] In one embodiment, the hollow body is coupled to the primary actuation element such that the primary actuation element
is rotated in the first circumferential direction by actuating at least one bolt. The bolt can extend from a first bolt receiver that
extends from the hollow body to a second bolt receiver that extends from the primary actuation element. The first and second bolt
receivers are positioned such that actuating the bolt causes the primary actuation element to rotate in the first circumferential
direction. Actuating the bolt can include tightening the bolt so as to move the second bolt receiver towards the first bolt receiver.

[0018] In another embodiment, a fitting includes a hollow body, an annular sealing member, and an actuation mechanism. The
hollow body includes an opening at a first end. The annular sealing member is positioned on an interior surface of the hollow
body. The actuation mechanism is configured to draw the sealing member axally towards the first end of the hollow body and
radially inward towards a longitudinal axis of the hollow body by actuating at least one bolt that is coupled to the hollow body and
the actuation mechanism. The at least one bolt extends substantially transverse to the longitudinal axis of the hollow body.

[0019] The fitting can also include a plurality of restraining elements that are circumferentially arranged on the interior surface of
the hollow body. The plurality of restraining elements can be arranged axially between the sealing member and the first end of the
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hollow body.

[0020] The actuation member can include a ring rotatably mounted to the hollow body and a plurality of follower elements. Each
of the follower elements are coupled to the annular sealing ring. The at least one bolt can be coupled to the ring such that
actuating the at least one bolt causes the ring to rotate in a circumferential direction with respect to the hollow body, and the
plurality of follower elements engage the ring such that rotation of the ring causes the plurality of follower elements to translate
towards the first end of the hollow body.

[0021] In another aspect, a plurality of restraining elements can be arranged circumferentially on the interior surface of the
hollow body between adjacent follower elements and axially between the sealing member and the first end of the hollow body.

[0022] In one embodiment, the ring can include a plurality of cam surfaces that vary in axal length along the circumferential
direction. Each one of the follower elements can include an engagement portion that engages a respective one of the cam
surfaces of the ring. The engagement portion of each of the follower elements can be a hook. The hook can include a sloped
portion that corresponds in shape to an axial end surface of the cam surfaces of the ring.

[0023] In one embodiment, the ring can be mounted to an external surface of the hollow body. The first end of the hollow body
can include a plurality of circumferentially spaced slots that extend through the hollow body from the external surface of the hollow
body to the internal surface of the hollow body and that extend substantially parallel to the longitudinal axis of the hollow body.
The hook on each one of the follower elements extends through a respective one of the slots in the hollow body.

[0024] The first end of the hollow body can include a first taper that extends towards the longitudinal axis of the hollow body. The
cam surfaces of the ring can include a second taper that is complementary to the first taper.

[0025] In one embodiment, the ring can include a first bolt receiver, the hollow body can include a second bolt receiver, and the
single bolt extends through the first and second bolt receivers.

[0026] In one embodiment, the annular sealing member includes a substantially trapezoidal cross-section.

[0027] In one embodiment, each follower element includes a stem that extends axially from the engagement portion to a base
portion. The base portion is coupled to the annular sealing member. Each of the restraining elements can include a recess that
extends through the restraining element in a direction substantially parallel to the longitudinal axis of the hollow body, and a stem
of a respective one of the follower elements can be seated in the recess. Each of the recess of each restraining element can
includes a first ramp portion that is complementary to a second ramp portion of the stem of a corresponding one of the follower
elements.

[0028] In another embodiment, a fitting has a hollow body or barrel portion with at least one open end for receiving the end of a
pipe. The barrel portion has an inside or interior tapered surface that converges around an axis, in a direction moving toward the
open end of the barrel portion (from inside the barrel portion toward the outside). An annular gasket or seal can be located in the
barrel portion between the tapered surface just described and the pipe. The annular seal has an outer surface that slides
against, and is in contact with, the tapered surface; and an inner surface that similarly contacts and surrounds the pipe. A draw
mechanism pulls the annular seal axally outwardly, against the tapered surface, and wedges the seal between the tapered
surface and pipe. In this example, the wedging action works from inside in a direction toward the outside, rather than outside-in.

[0029] The draw mechanism can be mechanically linked to a rotatable bolt mechanism that is aligned substantially
perpendicularly relative to the seal's axial path of travel. The mechanical linkage translates the perpendicular tightening force of
the bolt mechanism into a pulling force that parallels the seal's path of travel, thus wedging the seal as described above.

[0030] The fitting of this embodiment can be built with or without restraint. To achieve restraint, gripper members can be
positioned on an annular side of the seal that normally faces the open end of the barrel portion (or facing toward the outside). As
the draw mechanism pulls the seal outwardly, the gripper members are pulled outwardly at the same time, ahead of the seal, to
wedge the seal and gripper members at the same time (between the barrel portion and pipe).

[0031] In one embodiment, the fitting may include a multi-layer seal that has a removable layer. The removable layer can further
facilitate the range of pipe diameters that are compatible with the fitting without necessitating a change in the size of the barrel
portion. For example, removal of the seal's inner layer can allow the seal to fit around a larger pipe.
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[0032] In one embodiment, the draw mechanism includes a rotatable end ring that surrounds the barrel portion's open end. The
end ring has sloped surfaces distributed around it. An annular seal can carry a plurality of draw linkages, each one having an
inner portion connected to the annular seal and an outer portion that engages with one of the sloped surfaces of the end ring - in
sliding contact with the sloped surface. As the end ring rotates, the sloped surfaces draw the linkage axially outwardly. This, in
turn, draws the annular seal outwardly (with the gripper members). In some examples, counter-rotation of the end ring releases or
relaxes the draw linkage and seal. The collection of draw linkages and sloped surfaces can cooperate to draw the seal outwardly
in a generally symmetric fashion.

[0033] The individual gripper members can have pointed gripper teeth that are oriented or directed radially inwardly toward the
pipe. In one embodiment, there is one gripper member corresponding to each draw linkage. In other embodiments, the number of
grippers is less than the number of draw linkages. As described above, the collection of gripper members are pulled axally
outwardly, as the draw mechanism pulls and slides the seal axally outwardly.

[0034] In one embodiment, the end ring rests on an outside annular shoulder of the barrel portion. In this example, annular
shoulder of the barrel portion also has a partly tapered surface that symmetrically converges away from the annular shoulder.
However, as will be readily apparent to one having ordinary skill in the art upon review of the present disclosure in its entirety, the
end ring can be coupled to the barrel portion in a number of ways without departing from the spirit of the present disclosure.

[0035] In another aspect, the barrel portion has a plurality of draw linkage slots through which each linkage extends. These slots
prevent the seal from rotating while it is pulled outwardly. They also enable the draw linkages to take full advantage of the draw
length provided by each sloped section of the end ring.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0036] In the Figures, identical reference numbers identify similar elements or acts.

Figure 1 is an isometric view of a pipe coupling system in accordance with one embodiment of the present disclosure;
Figure 2 is an exploded view of the pipe coupling illustrated in Figure 1;

Figure 3 is a side cross-sectional view illustrating the operation of the pipe coupling illustrated in Figures 1 and 2;
Figure 4 is an enlarged sectional view of the seal section illustrated in Figure 3 in an open configuration;

Figure 5 is an enlarged sectional view of the seal section illustrated in Figure 3 in an engaged configuration;

Figure 6 is a view of an end ring in one embodiment;

Figure 7 is a view of a gasket assembly with grippers in one embodiment;

Figure 8 is a back-side view of a draw linkage that makes up part of the gasket assembly, looking radially outward from the center
of the gasket assembly illustrated in Figure 7;

Figure 9 is a view of a draw linkage that makes up part of the gasket assembly, looking radially inward towards the center of the
gasket assembly illustrated in Figure 7,

Figure 10 is a view of a draw linkage that makes up part of the gasket assembly sectioned through a draw hook portion at the end
of the linkage

Figure 11 is a sectioned, pictorial view of a section of the gasket assembly illustrated in Figure 7;
Figure 12 is a pictorial view of the inner portion of the draw linkage illustrated in Figure 11;
Figure 13 is a pictorial view of the outer portion of the draw linkage illustrated in Figure 11;

Figure 14 is an end view of the pipe coupling illustrated in Figure 1, with the pipe coupling illustrated in an "open" or untightened
condition;

Figure 15 is an end view of the pipe coupling illustrated in Figure 1, with the pipe coupling illustrated in a closed or "tightened"
condition;

Figure 16 illustrates an embodiment of a seal that has multiple layers for adjusting to different pipe sizes;
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Figure 17 illustrates a multi-layer seal;

Figure 18 is a sectional view of the multi-layer seal illustrated in Figures 16 and 17,
Figure 19 illustrates the multi-layer seal of Figure 17 with the inner layer removed;
Figure 20 illustrates a coupling that includes less grippers than draw hooks;

Figure 21 illustrates a coupling that includes two bolts on either end; and

Figure 22a illustrates a coupling with grippers arranged between adjacent draw hooks;
Figure 22b is a view of the gasket assembly of the coupling of Figure 22a; and

Figure 22c is a view of two grippers and a draw hook assembly of the coupling of Figure 22a.

DETAILED DESCRIPTION

[0037] In the following description, certain specific details are set forth in order to provide a thorough understanding of various
embodiments of the invention. However, one skilled in the art will understand that the invention may be practiced without these
details.

[0038] Unless the context requires otherwise, throughout the specification and claims which follow, the word "comprise" and
variations thereof, such as "comprises" and "comprising" are to be construed in an open, inclusive sense, that is, as "including but
not limited to."

[0039] Reference throughout this specification to "one embodiment” or "an embodiment” means that a particular feature,
structure or characteristic described in connection with the embodiment is included in at least one embodiment. Thus, the
appearances of the phrases "in one embodiment" or "in an embodiment" in various places throughout this specification are not
necessarily all referring to the same embodiment. Furthermore, the particular features, structures, or characteristics may be
combined in any suitable manner in one or more embodiments.

[0040] The headings and Abstract of the Disclosure provided herein are for convenience only and do not interpret the scope or
meaning of the embodiments.

I. System Overview

[0041] In one aspect, a fitting of the present disclosure can achieve both sealing and restraint over a wide range of pipe sizes,
including sizes ranging from Iron Pipe Size (IPS) to Ductile Iron (DI) and beyond. In one example, the fitting is internally restrained
to a hollow body and backed by a gasket seal. Segmented restraining elements are coupled to a circumferential elastomeric
gasket positioned inside a cone shaped surface of the hollow body. As the restraining elements are drawn down the cone by a
draw mechanism, they contract, along with the gasket, down on to a pipe achieving both sealing and restraint on the pipe. As
internal pressure increases within the pipe after the fitting is installed, the gasket and restraining elements are further energized
to seal and restrain the pipe.

[0042] Advantageously, the fitting of the present disclosure accommodates a variety of field conditions, such as dirt, pipe
corrosion, pipe variability and pipe deflection relative to the fitting. For example, depending on the working environment, it can be
difficult to ensure that a pipe and a fitting, such as a pipe coupling, are entirely axially aligned when the pipe coupling is installed.
Instead, the longitudinal axis of the pipe may be deflected at an angle relative to the longitudinal axis of the coupling during
installation. This misalignment may result from, for example, settlement, the inaccuracies of pipe installation, and tight working
conditions in a trench. The fitting of the present disclosure can, in some examples, achieve consistent coupling, restraint, and
sealing even when the longitudinal axis of the pipe is deflected by, for example, up to 8° relative to the longitudinal axis of the
coupling. This is particularly advantageous to make up mis-alignment of pipe which is typical to most applications.

[0043] The fitting of the present disclosure also improves the ease of installation. Conventional fittings, such as pipe couplings,
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that achieve both restraint and sealing typically employ a series of parallel bolts that extend in the longitudinal direction of the
coupling, and a series of bolts that extend radially from the coupling. The parallel bolts are tightened incrementally around the
circumference of the coupling in order for the seals to be seated properly. The radially extending bolts are then tightened to
achieve restraint. This process is not only time consuming, but can be difficult to achieve depending on the working conditions at
a particular installation site.

[0044] The fitting of the present disclosure employs a draw mechanism that can, in some examples, be operated by actuating a
single bolt that extends in a direction transverse to the longitudinal direction of the pipe. This design allows for easier access to
the bolt during installation, reduces the amount of time for installation, and reduces the amount of space needed for an
installation. Reducing the amount of space required for installation means that the trench dug to accommodate the fitting need
not be as large as for conventional pipe couplings. The single bolt design offers an added element of safety for the installer as
they are no longer required to work in the bottom of the ditch. All of these benefits lead to cost savings and improved ease at the
time of installation. Other examples can employ actuation elements other than a bolt, or multiple bolts that extend transverse to
the longitudinal direction of the fitting.

[0045] Not only does the draw mechanism of the present disclosure allow the restraint mechanism to achieve restraint for pipes
with a wide range of outside pipe diameters, but the draw mechanism allows the restraint to be easily disengaged, even after the
pipe has been pressurized and then depressurized.

[0046] It has been further recognized that some conventional restraint systems can act to disengage the gasket used in sealing.
By contrast, the sealing and restraint aspects of the coupling system of the present disclosure work together and, in some
examples, can be further energized by pressurization in the pipe.

[0047] Figures 1-3 provide an overview of a fitting according to one example embodiment of the present disclosure. In this
example, the fitting is a pipe coupling system. Figure 1 is an isometric view of a fitting 10 in accordance with one embodiment of
the present disclosure. Figure 2 is an exploded view of the fitting 10 illustrated in Figure 1. Figure 3 is a side cross-sectional view
illustrating the operation of the fitting 10 illustrated in Figures 1 and 2.

[0048] In this example, the fitting 10 includes a generally cylindrical and tubular body or barrel sleeve 12. Each end of the sleeve
12 includes an opening into which a pipe can be inserted. The barrel sleeve 12 is a hollow body that provides a fluid passageway
that connects the ends of two pipes together. However, the inventive concepts of the present disclosure are also applicable to
other fittings that include hollow bodies. For example, fittings of a "T" coupling, a single-end coupling, or an end cap, depending
on the application all include hollow bodies that are encompassed within the present disclosure. In other examples, the fitting can
be employed as a connection component in conjunction with a valve, a hydrant, or a flange end, all of which include hollow
bodies. Pipes may also be configured so that one or both ends include the disclosed fitting configuration. For example, a pipe can
include an integrated fitting type structure on one or both ends to facilitate coupling. The fitting of the present application can be
employed in a variety of applications and is not limited to waterworks. For example, the fitting of the present disclosure can be
employed in connections used in the oil, gas, or chemical industries. The fitting of the present application is applicable to
installations intended for placement both above ground and below ground. For example, the fitting can be used in manufacturing
plants for a variety of applications, including on conduit, such as electrical conduit or on heating, ventilation, and air conditioning
applications.

[0049] An end ring 20, several lugs 50, several grippers 46, a gasket 44, and a single bolt 26 are installed on each end of the
sleeve 12. The single bolt 26 extends through two bolt receivers 36, 38 that are respectively positioned on the end ring 20 and
the sleeve 12.

[0050] The end ring 20 is rotatably mounted on an end of the sleeve 12. As seen in Figures 1 and 3, the lugs 50 connect the
gasket/gripper assembly 18 to the end ring 20. These lugs 50 are positioned within slots 80 in the sleeve 12. The slots 80 prevent
the lugs 50 from rotating with respect to the sleeve 12, but allow longitudinal motion along the axis of the coupling.

[0051] Figures 3-5 show how the coupling engages a pipe. Figure 3 illustrates the coupling of two pipes 66a and 66b, and
Figures 3 and 4 respectively illustrate a fitting in open and closed states relative to a pipe 66. The right side of Figure 3 illustrates
a fitting in an open state in which it is disengaged from a portion of a pipe 66b that is adjacent to an inner-most end 70b of the
pipe 66b. The left side of Figure 3 illustrates the fitting in a coupled state, in which it is engaged with a portion of a pipe 66a that is
adjacent to an inner-most end 70a of the pipe 66a. Actuating the end ring 20 translates rotational motion of the end ring 20 into
longitudinal movement of the lugs 50 that draws both the gasket 44 and the gripper elements 46 down the face of an internal
cone of the sleeve 12. In greater detail, tightening the bolt 26 causes the end ring 20 to rotate with respect to the sleeve 12. As
the end ring 20 rotates, the lugs 50 ride up along ramp sections 30 on the end ring 20, effectively pulling the lugs out axially away
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from the sleeve 12, while simultaneously drawing the lugs 50 radially inward towards the center axis of the pipe.

[0052] The longitudinal movement of the lugs 50 draws the combined gripper/gasket assembly 18 down into contact with the pipe
to effect a seal and engage the restraints. As the lugs 50 move away from the body of the sleeve 12, they draw the gripper/gasket
assembly 18 down the internal cone surface of the sleeve 12 towards the opening in the end of the sleeve 12. This brings the
gripper segments 46 closer together and compresses the rubber gasket 44. The rubber gasket 44 eventually comes in contact
with the outer surface of the pipe and begins to effect a seal. As the system continues to be tightened, the gasket 44 continues to
be compressed between the pipe and the sleeve 12. Tightening continues until the gripper elements 46 eventually become
wedged between the pipe and the inner surface of the sleeve 12, thus initiating the restraint engagement. When the pipe 66 is
pressurized (or the pipes 66a and 66b in the example in Figure 3), the gasket is further forced down into its sealing cavity
between the pipe and the sleeve 12, and the restraints are similarly driven down to a tighter grip on the pipe, as the internal
pressure increases. However, the present disclosure is not limited soley to fittings that are further energized with the addition of
pressure. In other examples, complete engagement and sealing is achieved regardless of the pressure that flows through the
pipe 66.

[0053] With this configuration, a single bolt with relatively low torque is all that is necessary for assembly. Bolt tightening forces
act to create the initial seal and set the restraints. System internal pressure and pipe retraction forces act to energize the seals
and restraints beyond this initial set. The coupling restrains to the sleeve 12, and does not rely on bolts or end rings to support
the pressure or restraint forces.

[0054] The various aspects of the coupling of the present disclosure will now be described in greater detail.

Il. Center Sleeve

[0055] Referring to Figure 3, the barrel sleeve 12 has an annular surface or shoulder 32 on each end. The shoulder 32 provides
a resting place for a similarly shaped annular portion 34 of the end ring 20. In this manner, the annular portion of the end ring 20
rests in sliding contact with the corresponding annular surface 32 on the barrel sleeve such that the end ring 20 is rotatable
relative to the barrel sleeve 12. Although the present example includes an annular surface or shoulder, the present disclosure
also encompasses other mounting structures that allow the end ring to rotate relative to the sleeve 12, as will be readily apparent
to those having ordinary skill in the art upon review of the present disclosure in its entirety.

1ll. End Ring

[0056] Referring to Figure 6, the end ring 20 has a plurality of sloped surfaces 30 or ramp sections. Each sloped surface serves
as a camming surface that tightens the gasket assembly 18 about the pipe.

[0057] The end ring 20 is turned on the coupling 10 by one of the tightening bolts 26. The end ring 20 is preferably made with a
bolt receiver 36 that works in cooperation with a similar bolt receiver 38 on the barrel sleeve 12. In one embodiment, tightening
the bolt acts to draw the bolt receivers 36 and 38 towards each other so as to drive the rotation of the end ring 20. Depending on
the construction of the bolt receivers, and how the bolt is mounted thereto, loosening the bolt can also serve to drive the end ring
20 in the opposite rotational direction.

[0058] The plurality of ramp sections 30 are collectively tapered inwardly, relative to the ring's annular portion 34, so that they
slope or converge toward the center of the end ring 20. The convergence of the ramp sections 30 is also illustrated at 40 in
Figure 4. The outer end opening of the barrel sleeve has a similarly shaped converging surface 42 that also partly supports
sliding rotation of the end ring 20, near the junction of the end ring's ramp sections 30 and annular portion 34.

IV. Gasket Assembly

[0059] The gasket assembly 18 will now be further described with reference to Figures 7-10. Referring to Figure 7, the gasket
assembly 18 includes an annular rubber gasket member 44. The gasket member 44 (or "gasket") has the cross-section illustrated
in Figure 4 when it is in a relaxed or "non-tightened" condition. A plurality of gripper members 46 rest on an upper surface 48 of
gasket 44. The gripper members 46 are held in an annular arrangement around the gasket 44 by draw linkages 50 that are also
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distributed around the gasket 44.

[0060] Referring now to Figures 8 - 10, each draw linkage 50 has a base portion 52 that is embedded in the gasket material 44,
thus connecting the draw hook 50 to the gasket. Each gripper member 46 has a slot 54 that fits to and around on three sides of a
stem portion 56 of each respective draw linkage 50. This allows each gripper member 48 to be held at a specific annular position
relative to the other gripping members, but with no fixed connection with either the gasket 44 or draw linkages 50, so that the
gripper members 46 can move independently as the gasket assembly is tightened about a pipe. This independent motion can
allow the gripper members to engage a variety of pipe sizes and shapes, regardless of whether they are perfectly round or have a
degree of eccentricity.

[0061] Figure 8 is a view that looks from the inside to the outside (radially) relative to the generally annular configuration of
gasket assembly 18. Reference numeral 58 points to gripper "teeth," which will be further described below. Figure 9 is a view from
the outside-in (radially). The outer surface 60 of each gripper member 46 is smooth for reasons described below As can be
seen, the slot 54 in the gripper member 46 extends only partially through the lateral thickness of the gripper member for receiving
the draw linkage's stem 56.

[0062] Referring now to Figures 7 and 10 at the same time, each draw linkage 50 has an upper "hook" portion or draw hook 62.
The inner part of the hook 62 is sloped, as shown at 64 in Figure 10. This sloped part 64 respectively rides on one of the plurality
of ramp sections 30 of an end ring 20. As a consequence, when the end ring 20 is rotationally turned by the bolt mechanism
described above (i.e., by one of the two tightening bolts 26), a sliding/camming action is created between the sloped surfaces of
ramp sections 30 and the sloped surfaces 64, respectively. This functions to "draw" gasket 44 outwardly, as further described
below.

[0063] Figures 11-13 provide further illustrations of the draw linkages 50 previously described. The shape of the draw linkages
50 may vary depending on the forming method used. In Figures 11-13, for example, each draw linkage 50 is connected to a base
piece 52 that is embedded in the gasket material 44. The stem portion 56 may be welded to the base piece 52. Otherwise, the
embodiments shown in Figures 11-13 is the same as the foregoing description.

V. Operation

[0064] Figures 4 and 5 illustrate how the various parts described above cooperate to clamp a pipe's end to the fitting 10.
Referring first to Figure 4, the pipe 66 is inserted into an open end (indicated generally at 68) of the coupling body 10 with the
inner-most end of the pipe 70 terminating somewhere inside barrel sleeve 12 (see Figure 3). In other examples, depending on the
type of fitting, the inner-most end of the pipe 70 may extend through and protrude beyond the end of the fitting. The barrel
portion 12 has an inside tapered surface 72. In this example, the tapered surface 72 symmetrically converges toward the
coupling's open end. In other words, tapered surface 72 symmetrically converges around a center-line axis, moving from inside
the coupling in a direction toward the outside. In this example, the outer surface 74 of gasket 44 and the outer smooth surface 60
of the gripper member 46 (previously described) has a similar slope that matches the slope of tapered surface 72.

[0065] When the end ring 20 is "tightened" by the bolt mechanism (i.e., driven in rotation by tightening bolt 28), the sloped ramp
sections 30 on the end ring 20 draws the draw hooks 62 axially outwardly, in the direction indicated by arrow 76 in Figure 5. This
likewise draws or pulls the gasket 44 and gripper members 46 against the inside tapered surface 72 of the barrel sleeve and
forces the gasket 44 and gripper members 46 against the pipe 70, thus wedging gaskets and grippers between the sleeve and
pipe. In this respect, the gasket 44 slides from the inside, toward the outside, against the converging, tapered surface of the
barrel sleeve 12 and is restrained between the inner wall 72 of the barrel and the outer wall 78 of the pipe, thereby compressing
the gasket 44 in the manner shown in Figure 5. Each gripper member 46 is similarly drawn into the restrained position between
barrel and pipe surfaces 72, 78, with the gripper teeth 58 of each gripper member being driven into the outer surface of the pipe.

[0066] As is best seen in the exploded view, Figure 2, each end 22, 24 of the pipe coupling has a plurality of slots 80 distributed
around the periphery. These slots match the location of the draw hooks 50 and accomplish at least two functions. First, slots 80
provide sufficient distance of travel, sometimes referred to as throw or draw, for the hooks 50 to cam against the ramp sections 30
of the end ring. Second, slots 80 prevent the gasket assembly 18 from rotating when end ring 20 rotates. In other words, the
combination of the draw hooks 50 fitting within slots 80 constrains the gasket from rotation as it is drawn outwardly by rotation of
the end ring 20. The slots 80 are sized relative to the draw hook stems 56 so that they may slide axially outwardly, and flex, as
needed, during the course of the drawing action just described.



DK/EP 2825805 T3

[0067] Overall, the clamping assembly described above creates a unique draw mechanism that pulls the gasket 44 outwardly
against the taper of the barrel portion 12 (see vector 100 in Figure 5) and compresses or wedges the gasket 44 with a
compressive force (see vector 102).

[0068] Referring to Figures 14 and 15, one of the advantages of the foregoing design is that it is easy to use. Because of the
gripper members 46, a person skilled in the art would recognize the pipe sealing action described above as a "restraint" system
where a resilient seal (with gripper teeth) is wedged between the pipe and the pipe coupling. In the present design, the tightening
action is accomplished via one bolt at each end that is orientated cross-wise to the coupling's axis of symmetry. The force of
tightening the bolt is perpendicularly transferred to the gasket 44 via the clamping assembly just described. However,
mechanically drawing the seal or gasket 44 with force from inside the fitting 10 toward the outside, is opposite from the way
conventional systems have worked in the past. In essence, the mechanical linkage that transfers force from the tightening bolt
mechanism is accomplished by the combination of end ring 20 coupled to the draw linkages 50 that ride upon sloped surfaces 30
as the end ring 20 turns. In some examples, and depending on how the nut 28 and bolt 26 are mounted to the lugs, end ring 20
rotates in one direction, or the other, depending on whether the tightening force is applied or relaxed (which is dependent on how
the nut 28 on the tightening bolt 26 is turned).

[0069] Referring now to Figure 14, the sleeve includes a tightening bolt receiver 38, and to the end ring includes a similar bolt
receiver 36. These two receivers 36, 38 are connected by the threaded bolt 26 and nut 28. Figure 14 illustrates an "open"
condition. Tightening the nut 28 causes the two bolt receivers 36, 38 to close with rotation of the nut 28 about the threaded bolt
26, to the closed position illustrated in Figure 15. As previously described, this action rotates the end ring 20 and draws the
linkages 50 along the axially outward path that draws and wedges the gasket 44 and gripper members 46 between the sleeve's
inner wall 72 and outer surface 78 of the pipe. Releasing the nut 28 allows the gasket assembly 18 to "relax" and the end ring 20
reverses its rotational direction.

VI. Additional Configurations

[0070] Other embodiments of the foregoing design may relate to changes in the configuration of the gasket assembly illustrated
at 18 in Figure 6. Referring to Figure 16, for example, it may be possible to implement the draw mechanism described above
(translation of "perpendicular” force to an axial "draw") without "restraint,” i.e., without using the gripper members 46. Likewise, it
is also possible to use griper members on some, but not all of the of the draw hooks. For example, Figure 20 illustrates a fitting,
which in this example is a pipe coupling 103, that includes fewer gripper members 46 than lugs 50.

[0071] As a further change, the gasket 44, itself may be manufactured as a multi-layer, "extended range" gasket having outer
and inner seal. For example, Figure 18 illustrates a gasket 44a that includes an inner layer 92 that can be "removable" from an
outer layer 90 so as to enable the gasket 44a to adjust to different pipe diameters (see, Figure 19). This provides a certain
amount of "extended" range. Otherwise, operation of the gasket assembly in Figures 16-19 remains the same as described
above.

[0072] The pipe coupling described and illustrated here is a "one-bolt" system that uses a single tightening bolt 26 for each end
ring 20. However, other couplings that include more than one bolt on each end are also within the scope of the present
disclosure. For example, Figure 21 illustrates a fitting 10b that includes two bolts 26 on either end.

[0073] Further, although the tightening mechanism is described in the foregoing examples as a bolt mechanism, other
mechanisms that create a perpendicular force adequate to rotate the end ring also fall within the scope of the present disclosure.

[0074] In another example, the grippers are positioned between adjacent draw hooks. Figure 22a illustrates a fitting 10c that
includes grippers 46a positioned between adjacent draw hooks 50. As shown in Figure 22b, the draw hooks 50 are coupled to a
gasket 44. The grippers 46a may or may not be temporarily coupled to the gasket 44 for the purpose of initial placement during
installation. For example, the grippers 46a may be temporarily adhered to the gasket 44 to facilitate installation. Figure 22a
further illustrates that the grippers 46a may include extensions 46b that project over the draw hook 50 without directly contacting
the draw hook 50.

[0075] In another example, which is not depicted, the grippers may be an integral part of the gasket. In this example, the drawing
the gasket radially inward will also engage the grippers that are integral with the gasket.

VII. Materials and Manufacture
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[0076] While there are different ways of manufacturing the parts described above, many of the foregoing parts, like the barrel
sleeve 12 and end ring 20, for example, can be cast. Gasket 44 could be made of a conventional rubber material. The gripper
members 46 and draw hooks 50 could be fabricated from a variety of materials, such as steel, stainless steel, or ductile iron, for
example. The barrel sleeve 12 may include a handle 84 which makes the coupling easier to use. As noted above, although the
fitting 10 is described here as an end-to-end coupling, it could be configured in other ways such as a "T" coupling or a single-end
coupling, depending on the application.

[0077] The various embodiments described above can be combined to provide further embodiments. These and other changes
can be made to the embodiments in light of the above-detailed description. In general, in the following claims, the terms used
should not be construed to limit the claims to the specific embodiments disclosed in the specification. Accordingly, the claims are
not limited by the disclosure.
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PATENTKRAV

1. Fitting (10) omfattende:

et hult legeme (12), som omfatter en &bning ved en farste ende;

et teetningselement (44), som er anbragt pa en indre overflade af det hule legeme;

en treekkemekanisme, som omfatter et primaert aktiveringselement (20), der er
koblet med det hule legeme ved den fgrste ende, og en flerhed af sekundeere aktive-
ringselementer (50), der er koblet til teetningselementet (44), idet flerheden af sekun-
deere aktiveringselementer (50) er anbragt i det indre af det hule legeme (12) og perife-
risk i en afstand fra hinanden, kendetegnet ved, at flerheden af sekundeere aktiverings-
elementer (50) er i indgreb med det primeere aktiveringselement (20), saledes at akti-
vering af det primeere aktiveringselement (20) treekker flerheden af sekundeere aktive-
ringselementer (50) aksialt hen mod &bningen ved den farste ende (22) af det hule
legeme (12), hvorved teetningselementet (44) forskydes fra en aben position til en teet-

nende position.

2. Fitting ifglge krav 1, som desuden omfatter et gribeelement, der er koblet til én af
flerheden af sekundzere aktiveringselementer (50), sdledes at gribeelementet bevaeges
aksialt hen mod dbningen ved den fgrste ende (22) af det hule legeme (12) og radialt
indad hen mod en laengdeakse af det hule legeme (12) fra en &ben position til en ind-

grebsposition ved at aktivere det primaere aktiveringselement (20).

3. Fitting ifglge krav 2, hvor gribeelementet ligger an mod teetningselementet (44).

4. Fitting ifalge krav 3, hvor gribeelementet ikke er taet fastgjort til enten den ene af

flerheden af sekundeere aktiveringselementer (50) eller taetningselementet (44).

5. Fitting ifelge krav 1, som desuden omfatter en flerhed af gribeelementer, idet hvert af
gribeelementerne er koblet til én af flerheden af sekundaere aktiveringselementer (50),
saledes at flerheden af gribeelementer bevaeges aksialt hen mod den farste ende (22)
af det hule legeme (12) og radialt indad hen mod en lzengdeakse af det hule legeme
(12) fra en aben position til en indgrebsposition ved at aktivere det primaere aktive-

ringselement (20).
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6. Fitting ifelge krav 1, hvor den ferste ende (22) af det hule legeme (12) omfatter en
flerhed af tilspidsede fremspring i en periferisk afstand fra hinanden, som neermer sig
hinanden hen mod en leengdeakse ved den fgrste ende, idet tilgraensende fremspring
er adskilt i den farste periferiske retning af i laengderetningen forlabende spreekker, og
hvor de sekundeere aktiveringselementer (50) hver straekker sig gennem en respektiv

af de i leengderetningen forlebende spraekker.

7. Fitting ifelge krav 1, hvor det primaere aktiveringselement (20) omfatter en flerhed af
skranende overflader (30), og hvert af de sekundeere aktiveringselementer (50) er i ind-

greb med en respektiv af flerheden af skrdnende overflader (30).

8. Fitting ifglge krav 1, hvor det primeere aktiveringselement (20) er roterbart koblet
med det hule legeme (12) ved den farste ende (12), og rotation af det primaere aktive-
ringselement (20) i en fagrste periferisk retning i forhold til en leengdeakse af det hule
legeme (12) treekker flerheden af sekundaere aktiveringselementer (50) aksialt hen
mod abningen ved den fgrste ende (22) af det hule legeme (12), hvorved teetningsele-

mentet (44) treekkes fra en aben position til en teetningsposition.

9. Fitting ifelge krav 8, hvor det hule legeme (12) er koblet til det primzere aktiverings-
element (20), sdledes at det primaere aktiveringselement (20) roteres i den farste peri-

feriske retning ved at aktivere mindst én bolt.

10. Fitting ifglge krav 8, som desuden omfatter en bolt (26), som strackker sig fra en
forste flap, der straekker sig fra det hule legeme (12), til en anden flap, der streekker sig
fra det primeere aktiveringselement (20), hvor den fgrste og den anden flap er anbragt
saledes, at aktivering af bolten (26) far det primeere aktiveringselement (20) til at rotere

i den farste periferiske retning.
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FIG. 14
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FIG. 15
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