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(57) Abstract: A valve assembly adapted for use in oil and gas operations. In one aspect, the valve assembly includes a valve body
defining an internal region, an inlet passageway, and an outlet passageway, the inlet and outlet passageways extending into the in-
ternal region: a valve seat connected to the valve body and defining a fluid passageway; a clapper extending within the internal re-
gion and defining an annular groove; and a seal extending within the annular groove of the clapper and adapted to sealingly engage
the valve seat. In an example embodiment, the clapper is actuable between an open configuration, in which fluid flow is permitted
through the fluid passageway; and a closed configuration, in which the seal sealingly engages the valve seat to at least partially re -
strict fluid flow through the fluid passageway.
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CLAPPER VALVE

Cross-Reference to Related Application

This apphcation claims the benefit of the filing date of, and priority to, U.S. Application No.
62/294,019, filed February 11, 2016, the entire disclosure of which is hereby incorporated herein by

reference.

Technical Field

The present disclosure relates in general to valves and, in particular, to clapper valves used n ol

or gas operations.

Backeround of the Disclosure

In o1l or gas operations, such as, for example, the fracturing or gravel packing of a subterranean
wellbore, a clapper valve may be used to control the flow of fracturing and/or gravel-packing fluids. A
clapper valve permits thuid flow in a first divection, but prevents, or at Ieast reduces, fhud flow n a second
direction, which 1s generally opposite the first direction. Any vibmation caused by, for example,
turbulence in the flow of fluid through the clapper valve, often produces significant wear to the internal
components of the clapper valve. Moreover, the effectiveness of the clapper valve in preventing, or at
feast reducing, fluid flow m the second direction is ofien dimumushed as a result of improper alignment
and/or excessive loading of the intemal components of the clapper valve. Such issues tvpically cause
premature deterioration of the clapper valve. Therefore, what is needed is an apparatus, system,

assembly, or method to address one or more of the foregoing issues, and/or one or more other issues.

Spmmary

In a first aspect, there 13 provided a valve assembly, including a valve body defining an internal
region, an inlet passageway, and an outlet passageway, the inlet and outlet passageways extending into
the wternal region; a valve seat conmected to the valve body and defining a fluid passageway, the valve
scat meluding a first end face exdending about the fluid passageway, a clapper extending within the
mternal region, the clapper including a sccond end face, an exterior surface, and an annular groove
formed in the second end face and the exterior surface; and a scal extending within the annular groove of
the clapper and adapted to sealingly engage the first end face of the valve seat.

In an example embodiment, the clapper is actuable between an open configuration, in which fluid
flow is permitted through the fluid passageway in a first direction; and a closed configuration, in which at
least the scal and the second end face contact the first end face to at least partially restrict fluid flow

through the thud passageway in a second dircction, which is opposite the first direction.
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In another example embodument, the contact between the first and second end faces lumuts
compression of the seal against the first end face.

In yet ancther example embodiment, the seal includes polyurgthane.

In certain example embodiments, the valve body further defines an access bore mtersecting the
mtemal region, and the valve assembly further includes a hanger supported within the access bore, the
clapper being comnected to the hanger and pivotable between the open configuration and the closed
configuration.

In an example embodiment, the seal includes an annular buolbous protrusion; and a radially-
extending contact surface adapted to contact the first end face, the radiallv-extending contact surface
being axially offset from the second end face.

In ancther example embodiment, the seal further meludes an anmular concave surface axially
between the exterior surface of the clapper and the anaular bulbous protrusion.

In vet another example embodiment, at the annular groove, the clapper inchades first and second
annular rounds and a concave surface, the first annular round adjoiming the exterior surface, the second
annular round adjoining the second end face, and the concave surface adjoining the first and second
annular rounds.

In certain example embodiments, the first annular round 1s axially offset from the second end face
to pernut radial expansion of the seal.

In an example embodiment, the seal is bonded to at least one oft the first anmular round, the
second anmilar round, and/or the concave surface.

In a second aspect, there is provided a valve agsembly, including a valve body defining an
mtemal region, inlet and outlet passageways indersecting the internal region, and an access bore
mtersecting the mternal region, the valve body including an internal shoulder at the access bore; a hanger
supported within the access bore on the mternal shoulder, the hanger defining first and second tapered
slots, the first and second tapered slots each defining first and second end portions, the first and second
end portions having first and second internal dimensions, respectively, the first internal dimension being
fess than the second internal dimension; a valve seat connected to the valve body, the valve seat defimng
a fluid passageway; and a clapper pivotably connected to the hanger via a pin extending within the first
and second taperad slots.

In an cxample cmobodiment, the clapper is actuable between an open configuration, in which fhuid
flow is permitted through the fluid passageway m a first direction; and a closed configuration, in which
the clapper is seated against the valve seat to at least partially restrict flaid flow through the flaid

passageway in a second direction, which is opposite the first direction.



W

10

15

20

30

WO 2017/139583 PCT/US2017/017381

In another example embodiment, when the clapper is in the open configuration, the pin is urged
toward the respective first end portions of the first and second tapered slots, thus minimizing vertical
movement and/or horizontal movement of the pin relative o the hanger as a result of the first mtemal
dimenston being less than the second internal dimension.

In vet another example embodiment, when the clapper is in the closed configuration, the pin is
urged toward the respective second end portions of the first and second tapered slots, thus permitting
vertical movement and/or horizontal movement of the pin relative to the hanger as a result of the second
mternal dimension being greater than the first internal dimension.

In certain cxample cmbodiments, the hanger includes first and second hinge blocks within which
the respective first and second tapered slots are formed.

In an example embodiment, the clapper includes a third hinge block extending between the first
and second hinge blocks, the third hinge block defining a cvhindrical passage within which the pin also
extends.

In a third aspect, there is provided a valve assembly, including a valve body defiming an mternal
region, mlet and outlet passageways intersecting the internal region, and an access bore intersecting the
internal region, the valve body including an intemal shoulder at the access bore; a hanger supported
within the access bore on the internal shoulder; a cap connected to the valve body at the access bore; a
biasing member positioned between the cap and the hanger, the biasing member urging the hanger into
engagement, or near engagement, with the internal shoulder of the valve body; a valve scat connected to
the valve body, the valve seat defiming a fhad passageway; and a clapper pivotably comected to the
hanger.

In an example embodiment, the biasing member provents, or at feast reduces, vibration and wear
of the hanger and/or the clapper.

In another example embodiment, the clapper s actaable between an open configuration, in which
fluid flow is permitted through the fluid passageway in a first direction; and a closed configuration, in
which the clapper s scated against the valve seat to at least partially restrict fhud flow through the fluid
passageway in a second divection, which 1s opposite the first direction.

In vet another example embodiment, the hanger includes an external shoulder against which the
biasing member is constrained.

In certain example embodiments, the hanger includes an cxternal lip, and the biasing member
urges the external lip into engagement, or near engagement, with the internal shoulder of the valve body.

In a fourth aspect, there is provided a kit which, when assembled, forms a valve assembly, the kit

including a valve body defining an internal region, inlet and outlet passageways intersecting the internal
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region, and a counterbore; a valve seat detfiming an external annular groove, the valve seat being adapted
to be removably engaged with the valve body at the counterbore; and an annular seal extending within the
external annular groove and adapted to sealingly engage the valve body when the valve seat 1s removably
engaged with the valve body, the annular seal being twist-resistant so that, when relative motion is
cffocied between the valve seat and the valve body, distortion of the annular seal is prevented, or at least
reduced.

In an cxample embodiment, the valve body incledes an mteral threaded comnection at the
counterbore, and the valve seat includes an extemal threaded connection adapted to be threadably
engaged with the intemal threaded connection 1 response 1o relative rotation between the valve seat and
the valve body.

In another example embodiment, the annular seal facilitates face-to-face contact, rather than point
contact, between the annmular seal and the valve body.

In vet another example embodiment, the annular seal has a rectangular cross-section.

In certain example embodiments, the kit further includes a clapper adapted to extend within the
internal region and to be actuable between an open configuration, in which fluid flow is permitted through
the fhud passageway in a first direction; and a closed configuration, in which the clapper is scated against
the valve seat to at least partially restrict fluid flow through the fluid passageway in a sccond direction,
which is oppostte the first direction.

In a fifth aspect, there is provided a valve assembly, inchuding a valve body defining an internal
region, an inlet passageway, and an outlet passageway, the miet and cutlet passageways extending o
the internal region; a valve seat connected to the valve body and defiming a fhud passageway, the valve
scat including a first end face extending about the fhud passageway; a clapper extending within the
mitemal region, the clapper mcluding a second end face and an annular groove formed m the second end
face; and a seal extending within the annular groove of the clapper and adapted to scalingly engage the
first end face, the seal including polyurcthane, wherein the clapper is actuable between an open
configuration, m which thud flow is permitted through the fluid passageway in a first direction, and a
closed configuration, in which at least the seal and the second end face contact the first end face to at least
partially restrict fluid flow through the fhud passageway in a second direction, which is opposite the first
direction.

In an example embodiment, the contact between the first and second end faces lumits compression
of the seal against the first end face.

In another example embodiment, the clapper further includes a circumferentially-extending

exterior surface at least partially defining the annular groove.
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In a sixth aspect, there is provided a valve member adapted to be seated against a valve seat that
defines a thud passageway, the valve member including a body including an end face, an exterior surface,
and an annular groove formed in the end face and the exterior surface; and a scal extending within the
annular groove of the body and adapted to sealingly engage the valve seat; wherein the valve member is
actuable between an open configuration, in which fluid flow is pemmitied through the fluid passageway in
a first direction, and a closed configuration, in which the valve member 1s seated against the valve seat to
at least partially restrict fhind flow through the thad passageway in a second direction, which is opposite
the first direction.

In an example cmbodiment, when the valve member is in the closed configuration, at least the
seal and the end face are m contact the valve scat.

In another cxample cmbodiment, the contact between the end face and the valve seat hmits
compression of the seal against the valve seat.

In vet another example embodiment, the seal includes polyurethane.

In certain example embodments, the scal includes an ammular butbous protrusion; and a radially-
extending contact surface axially offset from the end face and adapted to contact the valve seat when the
valve member is in the closed configuration.

In an example embodiment, the seal further includes an annular concave surface axially between
the exterior surface of the valve member and the anmular bulbous protrusion,

In another example embodiment, at the annular groove, the body includes first and second
annular rounds and a concave surface, the first anmular round adjoining the exterior surface, the second
annular round adjoining the end face, and the concave surface adjoining the first and second annular
rounds.

In yet another example embodiment, the first annular round 1s axially offset from the end face to
permit radial expansion of the scal.

In certain example embodiments, the seal is bonded to at least one of: the first annular round, the
second annular round, and/or the concave surface.

In a seventh aspect, there is provided a kit which, when assembied, forms a valve assembly, the
kit mcluding a valve body defining an internal region, an mnlet passageway, and an outlet passageway, the
inict and outlet passageways exiending into the internal region; a valve seat adapted to be connected to
the valve body and defining a fluid passageway, the valve scat including a first end face extending about
the fluid passageway; a clapper adapted to extend within the internal region, the clapper mcluding a

second end face, an exterior surface, and an annular groove formed n the second end face and the exterior
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surface; and a seal extending within the annular groove of the clapper and adapted to sealingly engage the
first end face of the valve seat.

In an example embodiment, the clapper is adapted to be actuable between an open configuration,
in which fhud flow is peromtted through the fhud passageway in a first direction; and a closed
configuration, in which at least the scal and the second end face contact the first end face to at lcast
partially restrict fluid tlow through the fluid passageway in a second direction, which is opposite the first
direction.

In another example embodiment, when the second end face contacts the first end face, the contact
between the first and sccond end faces lumits compression of the seal against the first end face.

In vet another example embodiment, the seal includes polvurethane.

In certain example embodiments, the valve body further defines an access bore mitersecting the
mmternal region, and the valve assembly further includes a hanger supported within the access bore, the
clapper being adapted to be connected to the hanger and pivotable between the open configuration and the
closed configuration.

In an example embodiment, the seal includes an anmular bulbous protrusion; and a radially-
extending contact surface adapted to contact the first end face, the radiallv-extending contact surface
being axially offset from the second end face.

In another example embodiment, the seal further includes an annular concave surface axaally
between the exterior surface of the clapper and the annular bulbous protrusion.

In vet another example embodiment, at the annular groove, the clapper includes first and second
annular rounds and a concave surface, the first anmular round adjoining the exterior surface, the second
annular round adjoining the second end face, and the concave surface adjoining the first and sccond
annular rounds.

In certain example embodiments, the first anmilar round s axially offsct from the second end face
to permit radial expansion of the seal.

In an cxample cmbodiment, the seal is bonded 1o at lcast onc of: the first annular round, the
second anmular round, and/or the concave surface.

In an eighth aspect, there 1s provided a kit which, when assembled, forms a valve assembly, the
kit including a valve body defining an mternal region, inlet and cutlet passageways intersecting the
imtemal region, and an access bore wmntersecting the intemal region, the valve body including an intemal
shoulder at the access bore; a hanger adapted to be supported within the access bore on the mternal
shoulder, the hanger defining first and second tapered slots, the first and second tapered slots each

defining first and second end portions, the first and second end portions having first and second internal
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dimensions, respectively, the first internal dimension being less than the second internal dimension; a
valve seat adapted to be connected to the valve body, the valve seat defining a fluid passageway; and a
clapper adapted to be pivotably connected to the hanger via a pin extending within the first and second
tapered slots.

In an example embodiment, the clapper is adapted to be actuable between an open configuration,
i which fluid flow is permitted through the fluid passageway in a first direction; and a closed
configuration, in which the clapper is seated agamnst the valve seat to at least partially restrict fhud flow
through the fliid passageway v a second direction, which is opposite the first direction.

In another cxample embodiment, when the clapper 1s in the open configuration, the pin is urged
toward the respective first end portions of the first and second tapered slots, thus mimimizing vertical
movement and/or horizontal movement of the pin relative o the hanger as a result of the first mtemal
dimenston being less than the second internal dimension.

In vet another example embodiment, when the clapper is in the closed configuration, the pin is
urged toward the respective second end portions of the first and second tapered slots, thus permitting
vertical movement and/or horizontal movement of the pin relative to the hanger as a result of the second
mternal dimension being greater than the first internal dimension.

In certain cxample cmbodiments, the hanger includes first and second hinge blocks within which
the respective first and second tapered slots are formed.

In an example embodiment, the clapper includes a third hinge block adapted to extend between
the first and second hinge blocks, the third hinge block defining a cvlindrical passage within which the
pin also extends.

In a ninth aspect, there is provided a kit which, when assembled, forms a valve assembly, the kit
mncluding a valve body detinmmg an internal region, inlet and outlet passageways mitersecting the internal
region, and an access bore mtersecting the intemal region, the valve body including an internal shoulder
at the access bore; 3 hanger adapted to be supported within the access bore on the intemal shoulder; a cap
adapted to be connected to the valve body at the access bore; a biasing member adapted to be positioned
between the cap and the hanger to urge the hanger into engagement, or near engagement, with the mntemal
shoulder of the valve body: a valve seat adapted to be connected to the valve body, the valve seat defining
a fhuid passageway; and a clapper adapted to be pivotably connected to the hanger.

In an example embodiment, when the biasing member is positioned between the cap and the
hanger, the biasing member prevents, or at least reduces, vibration and wear of the hanger and/or the

clapper.
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In another example embodiment, the clapper is adapied to be actuable between an open
configuration, in which fhud flow is pernutted through the fluid passageway in a first direction; and a
closed configuration, in which the clapper is seated against the valve seat to at least partially restrict fluad
flow through the fluid passageway in a second direction, which is opposite the first direction.

In vet another example embodiment, the hanger includes an external shoulder against which the
biasing member is adapted to be constraine

In certain example embodiments, the hanger includes an external lip, and the biasing member is
adapted to urge the external lip into engagement, or near engagement, with the internal shoulder of the
valve body.

In a tenth aspect, there 1s provided a kit which, when assembled, forms a valve assembly, the kit
including a valve body defining an internal region, an mlet passageway, and an outlet passageway, the
inict and outlet passageways exiending into the internal region; a valve seat adapted to be connected to
the valve body and defining a fluid passageway, the valve scat including a first end face extending about
the fluid passageway; a clapper adapted to extend within the internal region, the clapper mcluding a
second end face at least partially defining an annular groove; and a seal extending within the annular
groove of the clapper and adapted to sealingly engage the first end face, the seal including polyurcthane;
wherein the clapper is adapied to be actuable between an open configuration, in which fluid flow 1s
permitted through the fluid passageway in a first direction, and a closed configuration, in which at least
the seal and the sccond end face contact the first end face to at least partially restrict fhad flow through
the floid passageway in a second direction, which is opposite the first dircction.

In an example embodiment, when the second end face contacts the first end face, the contact
between the first and second end faces limits compression of the scal against the first end face.

In another example embodiment, the clapper further includes a circumferentially-extending
exterior serface at least partially defining the annular groove.

In an ¢leventh aspect, there is provided an apparatus, including a valve member including an end
face, an exterior surface, and an annular groove formed in the end face and/or the exterior surface; and a
seal adapted to extend within the annular groove, the seal including an annular bulbous protrusion; and a
radially-extending contact surface axally offset from the end face of the valve member, the radially-
extending contact surface being adapted to contact a valve seat when the valve member is in a closed
configuration.

In an example embodiment, the seal further includes an annular concave surface aaally between

the exterior surface of the valve member and the annular bulbous protrusion.
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In a twelfth aspect, there is provided a valve assembly including a valve body defiming an internal
region, an inlet passageway, and an outlet passageway, the miet and cutlet passageways extending into
the mternal region; a valve seat comnected to the valve body and defiming a fhind passageway, the valve
seat mcloding a first end face extending about the fhud passageway,; a clapper extending within the
mtemal region, the clapper including a second end face at least partially defining a first annular groove;
and a scal extending within the first annular groove and adapted to sealingly engage the first end face of
the valve seat; wherein the clapper is actuable between: an open configuration, in which fluid flow is
permitted through the fluid passageway; and a closed configuration, in which the seal sealingly engages
the first end face to at least partially restrict fluid flow through the fluid passageway.

In an example embodiment, when the clapper is in the closed configuration, the second end face
contacts the first end face to himit compression of the seal against the first end face.

In another cxample embodiment, the clapper further includes a circumferentially-extending
exterior surface at least partially detining the first annular groove.

In vet another example embodiment, the seal includes an annular bulbous protrusion and a
radially-extending contact surface adapted to contact the first end face when the clapper is m the closed
configuration, the radially-extending contact surface being axially offset from the second end face.

In certain example embodiments, at the first annular groove, the clapper includes first and second
annular rounds and a concave surface, the first annular vound adjoining the exterior surface and being
axially offset from the second end face to permit radial expansion of the seal, the second annular round
adjoining the second end face, and the concave surface adjoiming the first and second annular rounds.

In an example embodiment, the valve body further defines an access bore extending into the
imtemal region; and the valve assembly further includes a hanger extending within the access bore, the
clapper being pivotably coupled to the hanger so as to be pivotable between the open configuration and
the closed configuration.

In another example embodiment, the hanger defines first and second tapered slots, the first
tapered slot defining first and second end portions, the second tapered slot defining third and fourth end
portions, the first and third end portions each having a first internal dimension, and the second and fourth
end portions cach having a second internal dimension, wherein the first internal dimension 13 less than the
second internal dimension.

In vet another example embodiment, the hanger includes first and second hinge blocks, the first
tapered siot being formed in the first hinge block, and the second tapered slot being formed n the second

hinge block; the clapper inclodes a third hinge block extending between the first and second hinge blocks,
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the third hinge block defining a cvlindrical passage; and the valve assembiv further includes a pin
extending within the first and second tapered slots and the cvlindrical passage.

In certain example embodiments, when the clapper 1s in the open configuration, the pin is urged
toward the first and third end portions of the first and second tapered slots, respectively, such that the pin
is at least partially restricted from moving one or more of vertically or horizontally relative to the hanger.

In an example embodiment, when the clapper is n the closed configuration, the pin 1s urged
toward the second and fourth end portions of the first and second tapered slots, respectively, to enable the
pin o at least partially move one or more of vertically or horizontally relative to the hanger.

In another example embodiment, the valve body includes an intemal shoulder at the access bore;
and the valve assembly further includes a cap coupled 1o the valve bodyv at the access bore and a biasing
member positioned between the cap and the hanger, the biasing member urging the hanger towards the
internal shoulder of the valve body.

In vet another example embodiment, the valve body further detines a counterbore and the valve
seat further defines a second annular groove, the valve seat being adapied to be removably engaged with
the valve body at the counterbore; and an annular seal extends within the second annular groove and is
adapted to sealingly engage a portion of the valve body when the valve seat is removably engaged with
the valve body, the annular scal being configured to reduce a force imparted on the annular seal when
relative motion 1s effecied between the valve seat and the valve body.

In certam example embodiments, to promote face-to-face contact between the annular seal and
the valve body, the annalar scal inclodes a scaling face extending substantially parallel to the portion of
the valve body with which the annular seal is adapted to be sealingly engaged.

In a thirtcenth aspect, there is provided a valve member adapted to be seated against a valve secat
that defines a tluid passageway, the valve member including a body includimg an end face at least
partially defining an anmular groove; and a scal extending within the annular groove of the body and
adapted to sealingly engage the valve seat; wherein the valve member is actuable between: an open
configuration, in which fluid flow is permitied through the fluid passageway; and a closed configuration,
i which the seal sealingly engages the valve seat to at least partially restrict fluid flow through the floid
passageway.

In an example embodiment, when the valve member 15 1n the closed configuration, the end face
contacts the valve seat to limit compression of the seal against the valve scat.

In another example embodiment, the body further includes a circumferentially-extending exterior

surface at least partially defining the annular groove.
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In vet another example embodiment, the seal includes an aonular bulbous protrusion and a
radially-extending contact surface adapted to contact the valve seat when the valve member 18 mn the
closed configuration, the radially-extending contact surface being axially offset from the end face.

In certain example embodiments, the seal forther includes an annular concave surface axially
between the exterior surface of the valve member and the ammular bulbous protrusion.

In an example embodiment, at the annular groove, the body mcludes first and second annular
rounds and a concave surface, the first annular round adjomming the exterior surface, the second annular
round adjoining the end face, and the concave surface adjoining the first and second annular rounds.

In ancother example embodiment, the first annular round is axially offset from the end face to
permit radial expansion of the seal.

Other aspects, featurgs, and advantages will become apparent from the followmg detailed
description when taken 1 conjunction with the accompanying drawings, which are a pait of this

disclosure and which illustrate, by way of example, principles of the embodiments disclosed.

Briel Description of the Drawines

Various embodiments of the present disclosure will be understood more fully from the detailed
description given below and from the accompanving drawings of various embodiments of the disclosure.
In the drawings, hike refercnee mumbers may indicate identical or functionally stmlar elements.

Figure 1A is a perspective view of a clapper valve, the clapper valve including a valve body, a
valve seat, a hanger, a clapper, and a cap, according to an example embodiment.

Figure 1B is a cross-sectional view of the clapper valve of Figure 1A, taken along line 1B-1B of
Figure 1A, according to an example embodiment.

Figure 2A 15 a perspective view of the hanger of Figures 1A and 1B, according to an example
embodiment.

Figure 2B is an elevational view of the hanger of Figures 1A, 1B, and 2A, according fo an
example embodiment.

Figure 2C 18 a cross-sectional view of the hanger of Figures 1A, 1B, 2A and 2B, taken along line
2C-2C of Figure 2B, according to an example embodiment.

Figure 2D 1s an enlarged cross-sectional view depicting a portion of the hanger of Figure 2C,
according to an example embodiment.

Figure 3A 1s a perspective view of the clapper of Figures 1A and 1B, according to an example
embodiment.

Figure 3B is an clevational view of the clapper of Figures 1A, 1B, and 3A, according to an

example embodiment.
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Figure 3C is a cross-sectional view of the clapper of Figures 1A, IB, 34, and 3B, taken along line
3C-3C of Figure 3B, according to an example embodiment.

Figure 3D 13 an enlarged cross-sectional view depicting a portion of the clapper of Figure 3C,
according to an example embodiment.

Figure 4A 1s a cross-sectional view of the clapper valve of Figures 1A, 1B, 2A-2D, and 3A-3D mn
an assembled state, according 1o an example embodiment.

Figure 4B is an enlarged cross-sectional view depicting a portion of the clapper valve of Figure
4A, according to an example embodiment.

Figure 4C is an enlarged cross-sectional view depicting another portion of the clapper valve of
Figure 4A, according to an example embodiment.

Figure 5A is an clevational view of the clapper valve of Figures 1A, 1B, 2A-2D, 3A-3D, and 4A-
4C 1 an open configuration, including the valve scat, the hanger. the clapper. and the cap, but omiiting
the valve body, according to an example embodiment.

Figure 5B is an enlarged elevational view depicting a portion of the clapper valve of Figure 5A n
the open configuration, according 1o an example embodiment.

Figure 6A is an elevational view of the clapper vaive of Figures 1A, 1B, 2A-2D. 3A-3D, and 4A-
4C m a closed configuration, including the valve scat, the hanger, the clapper, and the cap, but omitting
the valve body, according to an example embodiment.

Figure 6B is an enlarged clevational view depicting a portion of the clapper valve of Figure 6A in

the closed configuration, according to an example embodiment.

Detailed Descrintion

Referring mitially to Figures 1A and 1B, an example embodiment of a clapper valve, generally
referred to by the reference numeral 10, is tHustrated. The clapper valve 10 includes a valve body 12; 3
valve scat 14 connected to the valve body 12; a hanger 16 extending within the valve body 12 proximate
the valve seat 14; a clapper 18 pivotably connected to the hanger 16 and actuable between an open
configuration, tn which flaid How 1s permitted through the valve body 12, and a closed configuration, in
which the clapper 18 is seated against the valve seat 14 to at least partially restrict fluid flow through the
valve body 12; and a cap 20 connected to the valve body 12 to secure the hanger 16 in position relative to
the valve seat 14. The clapper valve 10 1s adapted to be incorporated into a flowline through which flnd
ordinartly flows in an axial direction 22. Accordingly, the valve body 12 includes an inlet end 24 and an
outlet end 26. A pair of flowline connectors 28a and 28b are asscciated with the inlet and outlet ends 24
and 26, respectively, of the valve body 12, The flowline connectors 28a and 28b arc adapted to couple

the valve body 12 in the flowline so that fluid flow through the vaive body 12 1s permitied in the axial
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direction 22 and prevented, or at least reduced, in an axial direction 30, which 1s opposite the axial
direction 22.

In several example embodiments, at least one of the flowline connectors 28a and 28b is a male
half of a hammer anion. In several example embodiments, at [cast one of the flowline connectors 28a and
28b 1s a female half of a hammer union. As shown in Figures 1A and 1B, in an example embodiment, the
flowhne connector 283 1s a female half of a hammer union, and the flowling connector 28b 15 a male half
of a hammer union. In several example embodiments, at least one of the flowline connectors 28a and 28b
18, includes, or is part of another type of flowline connector having components that are not associaied
with a hanuver umion, such as, for example, components associated with a hammerless union, flanges,
fasteners, welds, clamps, other components, or any combination thereof.

As shown in Figure 1B, the valve body 12 includes an intemnal region 32 within which at least
respective portions of the valve scat 14, the hanger 16, and the clapper 18 extend. The valve body 12
further includes infet and ouwtlet passageways 34 and 36 imtersecting the infernal region 32. In several
example embodiments, the inlet passageway 34 and the outlet passageway 36 extend substantially co-
axially along an axis 38. An mternal shoulder 40 1s formed at the junction between the internal region 32
and the mlet passageway 34, facing generally in the axial direction 22. [n several example embodiments,
the intemal shoulder 40 hes in a plane that is substantially perpendicular to the axis 38 A counterbore 42
15 formed in the internal shoulder 40, The counterbore 42 extends from the internal shoulder 40 in the
axial direction 30, thus including a counterbore shoulder 44 in the valve body 12, The counterbore
shouolder 44 faces generally in the maal direction 22, Morgover, in several example embodiments, the
counterbore shoulder 44 lics in a plane that is substantially perpendicular to the axis 38. An intermal
threaded connection 46 s formed in the valve bodv 12 at the counterbore 42, In several example
embodiments, a generally cvlindrical surface 48 is formed in the mierior of the valve body 12, axially
between the internal threaded connection 46 and the counterbore shoulder 44.

An access bore 50 is formed in the valve body 12 and intersects the internal region 32, In several
example embodiments, the access bore 50 extends along an axis 52 that is substantially perpendicular to
the axis 38 of the inlet and outlet passageways 34 and 36, An intemal threaded connection 54 1s formed
int the valve body 12 at the access bore 50, Moreover, the access bore 50 includes an internal shoulder 56
in the valve body 12, facing generally toward the mnternal threaded connection 54. In several example
crobodiments, the tternal shoulder 56 lies in a plane that 1s substantially permpendicular to the axis 52. In
several example embodiments, a generally cylindrical surface 57 is formed m the nterior of the valve
body 12, axaally between the mternal threaded connection 54 and the infernal shoulder 56, The internal

shoulder 56 mmciudes a ledge 58 along a side of the intemal shoulder 56 adjacent the counterbore 42. The
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fedge 58 has a greater width or radial dimension relative to the axis 52 than the remainder of the internal
shoulder 36. The width or radial dimension of the ledge 38 is the distance, along a radial hine mtersecting
the axis 52, between the sidewall of the access bore 50 and an edge 60 of the ledge 58, The edge 60 of
the ledge 58 defines a straight profile. In several example embodiments. the edge 60 of the ledge 58 lics
perpendicular to, or substantially perpendicular to, the axis 38 of the inlet and outlet passageways 34 and
36. Alternatively, the edge 60 of the ledge 58 may define a curvilinear profile. One or more openings 62
extends through the ledge 58 into the internal region 32, In several example embodiments, at least one of
the openings 62 are threaded holes.

The valve scat 14 includes opposing end faces 14a and 14b. A fluid passagewav 64 extends
through the valve seat 14 along an axis 66, which axis 66 1s substantially co-axzal with the axis 38. In
several example embodiments, the end faces 14a and 14b lic in a planc that 15 substantially perpendicular
to the axis 66. The valve seat 14 includes a flange 68 formed i the exterior thereof, proximate the end
face 14a. The flange 68 includes the end face 14a of the valve seat 14 and an external shoulder 70 that
faces generally in the axaal direction 30, In several example embodiments, the external shoulder 70 hies in
a plane that is substantially perpendicular to the axis 66, An external annular recess 72 18 formed mn the
flange 68, axaally between the end face 14a and the external shoulder 70, The external annular recess 72
15 adapted to be aligned with the onc or more openings 62 in the ledge 38, The valve seat 14 also includes
an external threaded connection 74 extending axaally between the external shoulder 70 and the end face
14b. The external threaded connection 74 of the valve seat 14 is adapted to be threadably engaged with
the micrnal threaded connection 46 of the valve body 12, In several example embodiments, an external
annular groove 76 1s formed in the valve seat 14, axdally between the external threaded connection 74 and
the ¢nd face 14b.

The cap 20 includes opposing end portions 20a and 20b and an extemnal threaded connection 78
extending axially between the end portions 20a and 20b. The external threaded connection 78 of the cap
20 1s adapted to be connected to the internal threaded connection 54 of the valve body 12, Fusther, the
cap 20 includes an end face 80 at the end portion 20b thercof. An external anvular groove 82 1s formed n
the cap 20, axially between the external threaded connection 78 and the end face 80. The cap 20 1s
adapted to secure the hanger 16 and the clapper 18 within the valve body 12 when the external threaded
connection 78 of the cap 20 i3 threadably engaged with the mternal threaded connection 54 of the valve
body 12, as will be discussed 1o further detall below. In several example embodiments, the internal
threaded connection 54 of the valve body 12 and the external threaded connection 78 of the cap 20 are
omitted or are replaced by other connections utilizing, for example, flanges, fasteners, welds, clamps, or

the like.
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Referring to Figures 2A-2D, with continuing reference to Figures 1A and 1B, an example
embodiment of the hanger 16 1s llustrated. The hanger 16 mncludes a generally disk-shaped annular body
84 extending about a central axis 86. The annular body 84 includes a central opening 88 and opposing
end faces 84a and 34b. An extemnal lip 89 is formed in the periphery of the annular body 84, facing
generally in an axial direction 90 (as shown in Figure 2C). In several example embodiments, the extornal
lip 89 lies in a plane that is substantially perpendicular to the central axis 86. The external hip 89 1s offset
i an axial direction 92, which is opposite the axial direction 90, from the end face 84b of the annmular
body 4.

A scgment 94 of the extemal lip 89 has a greater width or radial dimension relative to the central
axis 86 than the remainder of the external lip 89. The width or radial dimension of the segment 94 is the
distance, along a radial line intersccting the central axis 86, between the outer periphery of the annular
body 84 and an edge 96 of the segment 94, The edge 96 of the segment 94 defines a straight profile. In
scveral example embodiments, the edge 96 of the segment 94 is adapted to lie perpendicular to, or
substantially perpendicular to, the axis 38 of the inlet and outlet passageways 34 and 36. Altematively,
the edge 96 of the segment 94 may define a curvilincar profile. In any event, the scgment 94 has
approximately the same radial dimension and shape as the ledge 538 of the valve body 12. One or more
openings 98 arc formed through the segment 94 of the annular body 84. In several example
embodiments, at least one ot the openings 98 1s aligned with the openings 62 in the ledge 58, A wall
portion 100 including opposing end portions 100a and 100b borders the segment 94 along the edge 96.
The wall portion 100 1s adapted to abut, or nearly abut, the edge 60 of the ledge 58 to act as an angi-
rotation device for the hanger 16 within the valve body 12

An external shoulder 102 is also formed in the periphery of the anmular body 84, facing generally
n the axial direction 92. In several example embodiments, the external shoulder 102 lics 1s a plane that s
substantially perpendicular to the central axis 86. The external shoulder 102 15 offset in the axial direction
50 from the end face 84a of the annular body 84, The annular body 34 further includes an internal
angular surface 103 adioining the end face 84b thereof

A pair of hinge blocks 104a and 104b are connected to the annular body 84 at the end face 84b
thereof. In several example embodiments, the hinge blocks 104a and 104b are integrally formed with the
annular body 84. The hinge blocks 104a and 104b are disposed at or near the opposing end portions 100a
and 100b, respectively, of the wall portion 100. Moreover, the hinge blocks 104a and 104b cach inchude a
curved external surface 106 that is substantially aligned with an external surface of the annular body 84

and a curved interior surface 108 that 18 substantially aligned with an interior surface of the anmular body
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84. As aresult, the hinge blocks 104a and 104b are spaced apart from one another by the central opening
88 of the annular body 84.

A tapered slot 110 s formed through each of the hinge blocks 104a and 104b. The tapered slots
110 each include opposing end portions 110a and 110b. The end portions 110a of the tapered slots 110
cach define an internal dimension D1 that is relatively smaller than an internal dimension D2 defined by
the end portions [10b.  As a result, when the clapper 18 1s in the open configuration, one or more
components associated with the clapper 18 are not permitted vertical clearance within the hinge blocks
104a and 104b at the end portions 110a of the tapered slots 110, as will be discussed in further detail
below. Morcover, forces tmparted on the clapper 18 (or portions thercof} by, for example, fluid flow
through the milet passageway 34, the fhud passageway 64, and the internal region 32 prevent, or at least
reduce, horizontal movement of the one or more components associated with the clapper 18 within the
hinge blocks 104a and 104b at the end portions 110a of the tapered siots 110, In contrast, the internal
dimenston B2 defined by the end portions 110b of the tapered slots 110 is relatively larger than the
mtemal dimension D1 defined by the end portions 110a. As a result, when the clapper 18 1s i the closed
configuration, ong or more components associated with the clapper 18 are permitted vertical clearance
within the hinge blocks 104a and 104b at the ood portions 110b of the tapered slots 110, as will be
discussed 1n further detail below. In several example embodiments, the hinge blocks 104a and 104b are
oriented such that the tapered slots 110 are substantially aligned with one another.

Referring to Figures 3A-3D, with continuing reference to Figures 1A and 1B, an example
embodiment of the clapper 18 18 illestrated. The clapper 18 includes a gencrally disk-shaped valve
member 112 extending about a central axis 114, The valve member 112 includes a circumferentially-
extending exterior surface 116 situated axially between a pair of opposing end faces 112a and 112b. The
exterior surface 116 delineates the outer penphery of the valve member 112, In several example
embodiments, at least a portion of the exterior sarface 116 defines a generally curved profile. The valve
member 112 farther includes an external angular surface 118 adjoining the end face 112a and the exterior
surface 116.

An external annular groove 120 1s formed in the end face 112b and the extenor surface 116 of the
valve member 112, The external anmular groove 120 includes a concave surface 122 and a pair of annular
rounds 124a and 124b in the valve member 112, The annular round 124a adjoins the exterior surface 116
of the valve member 112, In several example embodiments, the annular round 124a 15 axially offset from
the end face 112b of the valve member 112, Smularly, the annular round 124b adjoins the end face 112b

of the valve member 112. In several example embodiments, the annular round 124b 1s radially offset
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from the exterior surtace 116 of the valve member 112, The concave surtace 122 adjoins each of the
annular rounds 124a and 124b.

A seal 126 extends within the external annular groove 120 and includes 8 circamferentially-
extending exterior surface 12¥% extending adjacent the exterior surface 116 of the valve member 112, The
seal 126 includes an annular concave surface 130, an anoular bulbous protrusion 132, an annular contact
surface 134, and an annular tapered surface 136, The concave surface 130 18 formed axially between the
exterior surface 116 of the valve member 112 and the bulbous protrusion 132 of the seal 126, In several
example embodiments, the bulbous protrusion 132 is sitvated adjacent the concave surface 130, The
contact surface 134 extends radially mward from the bulbous protrusion 132 and is adapted fo scalingly
engage the end face 14a of the valve seat 14 when the clapper 18 15 n the closed configuration, as will be
discussed in further detail below. In several example embodiments, the contact surface 134 is axially
offset from the end face 112b of the valve member 112. The tapered surface 136 exiends inward from the
contact surface 134, the extension of the tapered surface 136 ending at, or proximate, the end face 112b of
the valve member 112

A hinge block 138 is connected to the valve member 112 at the end face 112a thereof. In several
example embodiments, the hinge block 138 is integrally formed with the valve member 112, The hinge
block 138 includes a proximal cnd portion 138a, located at or near the central axis 114 of the valve
member 112, and a distal end portion 138b, extending radially bevond the exterior surface 116 of the
valve member 112, A generally cyvlindrical passage 140 is formed through the hinge block 138 proxamate
the distal end portion 138b thereof. In several example embodiments, the cvlindrical passage 140 extends
perpendicular to, or substantially perpendicular to, a radial line mtersecting the central axis 114 of the
valve member 112, The hinge block 138 is adapted to extend between the hinge blocks 104a and 104b of
the hanger 16 so that the cylindrical passage 140 of the clapper 18 1s substantially aligned with the tapered
alots 110 of the hanger 16.

In several example embodiments, the extension of the seal 126 within the external annular groove
120 facilitates the securing of the scal 126 to valve member 112, fn scveral example embodiments, the
seal 126 1s bonded to the concave surface 122 and the anmular rounds 124a and 124b of the valve member
112, In several example embodiments, the seal 126 1s a umtary structare and thus the exterior surface
128, the concave surface 130, the bulbous protrusion 132, the contact surface 134, and the tapered surface
136, as well as the respective portions of the seal 126 extending within the external annular groove 120,
are integrally tormed.

In several example embodiments, the seal 126 1s composed of polyurethane. In several example

embodiments, the seal 126 is a witary structure of polyurethane, and thus the exterior surface 128, the
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concave surface 130, the buibous protrusion 132, the contact surtface 134, and the tapered surface 136, as
well as the respective portions of the seal 126 extending within the external annular groove 120, are
mtegrally formed using polvarcthane. In several example embodiments, the seal 126 is composed of
polyurethane that is bonded to the concave surface 122 and the annolar rounds 124a and 124b of the valve
member 112, thus preventing, or at least reducing, damage and/or washout of the seal 126 m the presence
of hard abrasive fluids (i.e., sand, chemicals, proppant, or the like).

In an example embodiment, the seal 126 is molded in place in the valve member 112, In an
example embodiment, the seal 126 is pre-formed and then attached to the valve member 112, In several
example embodiments, the seal 126 15 composed of one or more matenials such as, for example, a
deformable thermoplastic matenial, a polyvurethane material, a fiber-reinforced material, carbon, glass,
cotton, wire fibers, cloth, and/or any combination thereof In an example embodiment, the seal 126 s
composed of a cloth which is disposed in a thermoplastic material, and the cloth may include carbon,
glass, wire, cotton fibers, and/or any combination thereof. In several example embodiments, the seal 126
s composed of at least a fiber-remnforced matenal, which can prevent or at least reduce delammation. In
several example embodiments, the valve member 112 1s much harder and more nigid than the seal 126

Referring now to Figures 4A-4C, the clapper valve 19 is illustrated in an assembled state,
mcluding the valve body 12, the valve seat 14, the hanger 16, the clapper 18, and the cap 20, according to
an example embodiment.

In the assembled state, as shown most clearly in Figure 4A ) the valve seat 14 extends within and
engages the valve body 12, More particularly, the external threaded connection 74 of the valve seat 14
threadably engages the internal threaded connection 46 of the valve body 12, As a result, the external
shoulder 70 of the valve seat 14 engages the internal shoulder 40 of the valve body 12, In this position,
the end face 14b of the valve seat 14 abuts, or nearly abuts, the counterbore shoulder 44 of the valve body
12. One or more set screws 142 are engaged (threadably or otherwise) with the valve body 12 at the ong
or more openings 62 m the ledge 58, Moreover, the external annular recess 72 is aligned with the one or
more openings 62 in the ledge 58, As a result, the sct screws 142 extend through the openings 62 and into
the extemal annular recess 72, thus preventing, or at least discouraging, the external threaded connection
74 from disengaging the internal threaded connection 46.

In several example cmbodiments, an anmilar seal 144 extends within the external annular groove
76 of the valve seat 14 and scalingly engages the cvlindrical surface 48 of the valve body 2. In an
alternative embodiment, the external annular groove 76 of the valve seat 14 1s omitted or replaced by an
annular groove (not shown) in which the annular seal 144 extends, which annular groove 1s formed in the

cyhindrical surface 48 of the valve body 12, In ancther alternative embodiment, the annular groove i
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formed in the end face 14b of the valve seat 14, In vet another alternative embodiment, the annular
groove 1s formed in the counterbore shoulder 44 of the valve body 12

The annular scal 144 13 configured to reduce a force imparted on the annular seal 144 when
relative motion is effected between the valve seat 14 and the valve body 12, More particularly, in several
example embodiments, the annular scal 144 is a twist-resistant seal that fits within the extermal annular
groove 76 (or, when the annular groove 76 is omitied, another annular groove) to prevent, or at least
reduce, distortion of the annular scal 144 when the external threaded connection 74 is threadably engaged
with the internal threaded connection 46, For example, the distortion of the anunular seal 144 may be
prevented, or at lcast reduced, by providing a twist-resistant scal that faciitates face-to-face contact
{rather than point contact) between the annular seal 144 and the cvlindrical surface 48 {or between the
annular seal 144 and the counterbore shoulder 443, In several exemplary embodiments, to promote said
face-to-face contact between the annular seal 144 and the cvlindncal surface 48, the annular seal 144
mcludes a scaling face {e.g., cvlindrical or disk-shaped) extending substantially paralle] to the portion of
the valve body 12 with which the annular seal 144 is adapted to be sealingly engaged (e.g., the cvlindrical
surface 48 or the counterbore shoulder 44). In several exemplary embodiments, the annular seal 144 has
a rectangular cross-section that promotes said face-to-face contact between the annular seal 144 and the
cvlindrical surface 48.

Further, as shown most clearly in Figure 4B, the hanger 16 extends within the access bore 50 of
the valve body 12, Moreover, the external threaded connection 78 (visible in Figure 4A) of the cap 20 s
threadably engaged with the intemal threaded connection 54 {visible mn Figure 4A) of the valve body 12.
As a result, the end portion 20b of the cap 20 abuts, or nearly abuts, the end face 84a of the hanger 16,
thus causmg the extemnal lip 89 of the hanger 16 to engage, or nearly engage, the internal shoulder 56 of
the valve body 12, In this manner, the cap 20 secures the hanger 16 within the valve body 12 and causes
the segment 94 of the hanger 16 (which has approximately the same radial dimension and shape as the
ledge 5% of the valve body 12) to abut, or neardy abut, the ledge 58 of the valve body 12, In this position,
the wall portion 100 of the hanger 16 engages the edge 60 of the ledge 58 to act as an anti-rotation device
for the hanger 16 within the valve body 12.

In several example embodiments, an annular seal 146 18 accommodated within the extemal
annular groove 82 of the cap 20, The annular seal 146 sealingly engages the cylindrical surface 37 of the
valve body 12, thus preventing, or at least reducing, leakage of a fluid from the mteror of the clapper
valve 10 to atmosphere. In several example embodiments, a backup ning 148 is also accommodated
within the external anmilar groove 82 of the cap 20 to prevent, or at least reduce, extrusion of the annular

seal 146.
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In several example embodiments, a biasing member 150 1s constrained between the extemal
shoulder 102 of the hanger 16 and the end portion 20b of the cap 20. In this position, the biasing member
150 urges the external bip 89 of the hanger 16 into engagement, or near engagement, with the intemal
shoulder 56 of the valve body 12, In an example ¢mbodiment, the biasing member 150 13 3 wave gpring.
In several example embodiments, the biasing member 150 is, inchudes, or 15 part of onc or more
components that are not a wave spring, such as, for example, a Bellewille washer, a helical spring, a
compressed elastic material, another type of biasing member, or any combination thercof. In this manner,
the cap 20 and the biasing member 150 together act to secure the hanger 16 within the valve body 12
Moreover, the engagement, or near engagement, between the extemnal lip 89 of the hanger 16 and the
mternal shoulder 56 of the valve body 12 causes the hinge blocks 104a and 104b of the hanger 16 to
extend within the intemal region 32 of the valve body 12, In several example embodiments, despite the
thermal expansion or contraction of the varicus components of the clapper valve 10 during operation, the
biasing member 150 maintains the engagement, or near engagement between the external lip 89 of the
hanger 16 and the internal shoulder 56 of the valve body 12,

Further still, as shown most clearly in Figure 4C, the clapper 18 extends within the intemnal region
32 of the valve body 12. More particularly, the hinge block 138 of the clapper 18 extends between the
hinge blocks 104a and 104b of the hanger 16. As a result, the cylindrical passage 140 of the clapper 18 is
substantially aligned with the tapered slots 110 of the hanger 16. A pin 152 extends within the cylindrical
passage 140 of the clapper 18 and the tapered slots 110 of the hanger 16, thus pivotably connecting the
clapper 18 to the hanger 16, In this posttion, the clapper 18 is actuable between the open configuration
{shown in Figure 5A; discussed in detail below), in which fluid flow is pernutted through the valve body
12, and the closed configuration (shown in Figures 4C and 6A; discussed 1o detail below), in which the
clapper 18 is seated against the valve seat 14 1o at least partially restnict fluid flow through the valve body
12.

In some example embodiments, as illustrated in Figures SA, 3B, 6A, and 6B, a fluid 154 flows
through the clapper valve 10 and actuates the clapper 18 between the open configuration and the closed
configuration. The valve body 12 1s omitted from Figures 54, 3B, 6A, and 6B to more clearly depict the
valve scat 14, the hanger 16, the clapper 18, and the cap 20 (in the assembled state). However, even
though the valve body 12 1s not shown in Figures 5A, 5B, 6A, and 6B, several components of the valve
body 12 will be discussed {(using the above-mentioned reference numerals) hercinbelow as necessary to
describe the operation of the clapper valve 10

In the open configuration, as shown in Figures 5A and 5B, with contimuing reference to Figures

4A-4C, the thud 154 flows into the inlet passageway 34, through the mtemal region 32, and exits the
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outlet passageway 36, thus causing the clapper 18 1o pivot about the pin 132 in an angular direction 156,
As the clapper 18 pivots about the pin 152 in the angular direction 156, the pin 152 1s urged (from right to
left as viewed m Figares 5A and 5B) toward the respective end portions 110a of the tapered slots 110
The pin 152 is not permiited vertical clearance within the hinge blocks 104a and 104b at the end portions
110a of the slots 110 (1., the internal dimension D1 of the end portions 110a is relatively smaller than
the intermnal dimension D2 of the end portions 110b). Moreover, forces imparted on the clapper 18 (or
portions thereof) by, for example, fluid flow through the inlet passageway 34, the flid passageway 64,
and the wnternal region 32 prevent, or at least reduce, borizontal movement of the pin 152 within the hinge
blocks 104a and 104b at the end portions 110a of the tapered slots 110, As the clapper 18 continues to
pivot about the pin 132 in the angular divection 156, the clapper 18 abuts, or nearly abuts, the valve body
2 such that the clapper 18 1s prevented from further pivoting in the angelar direction 156, In several
example embodiments, when the clapper 18 is in the open configuration, the tightened vertical clearance
between the pin 152 and the hinge blocks 104a and 104b at the end portions 110a of the tapered slots 110
prevents, or at least reduces, any wear and/or vibration of the hanger 16 and/or the clapper 18 that is
caused by, for example, turbulence n the fluid 154, Simmlarly, the prevention, or at least reduction, of
horizontal movement of the pin 152 when the clapper 1% is in the open configuration prevents, or at least
reduces, any wear and/or vibration of the hanger 16 and/or the clapper 18 that is caused by, for example,
turbulence 1n the fluid 154
In the closed configuration, as shown in Figures 6A and 6B, with continuing reference to Figures
4A-4C, the flow of the fluid 154 is reversed so that the fluid 154 flows through the outlet passageway 36
and into the intemal region 32, thus causing the clapper 18 to pivot about the pin 152 i an angular
dircction 158, which is oppostte the angular direction 156. As the clapper 18 pivots about the pm 152 in
the angular direction 138, the pin 152 15 urged (from left to vight as viewed m Figures 6A and 6B) toward
the respective end portions 110b of the tapered slots 110, The pin 132 is permitied vertical clearance
within the hinge blocks 1043 and 104b at the end portions 110b of the slots 110 {i¢, the internal
dimension D2 of the end portions 110b 1s relatively larger than the internal dimension D1 of the end
portions 110a). As the clapper 18 continues to pivot about the pin 132 in the angular direction 158, the
contact surface 134 of the seal 126 sealingly engages the end face 14a of the valve seat 14, The seal 126
is compressed against the end face 14a and expands radially outward {as shown in Figure 4C) until the
end face 112b of the clapper 18 contacts the end face 14a of the valve seat 14, thus establishing a “hard
stop” and himiting further compression of the seal 126. In several example embodiments, the “hard stop”
between the end face 112b of the clapper 18 and the end face 14a of the valve seat 14 prevents, or at least

reduces, overloading of the seal 126,
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In several example embodiments, the sealing engagement of the seal 126 on the valve scat 14 1s
facilitated by the vertical and/or honzontal clearance between the pin 152 and the hinge blocks 104a and
104b at the end portions 110b of the slots 110. More particularly, the vertical and/or horizontal clearance
between the pin 152 and the hinge blocks 104a and 104b at the end portions 110b of the slots 110 allows
the scal 126 to seat cvenly on the valve scat 14 so that the force imparted to the clapper 18 by the fluid
154 15 evenly distributed on the seal 126 and the valve seat 14, as shown m Figure 4.

In several example embodiments, the “hard stop™ between the clapper 18 and the valve seat 14 is
facilitated by the vertical and/or horizontal clearance between the pin 152 and the hinge blocks 104a and
104b at the end portions 110b of the slots 110, More particularly, the vertical and/or horizontal clearance
between the pin 152 and the hinge blocks 104a and 104b at the end portions 110b of the slots 110 allows
the end face 112b of the clapper 18 to seat evenly on the end face 14a of the valve seat 14 so that the force
imparted to the clapper 18 by the fluid 154 is evenly distributed on the respective end faces 112b and 14a,
as shown in Figure 4C.

In several example embodiments, the axial offset of the annular round 124a from the end face
112b of the valve member 112 permits the radially outward expansion of the seal 126 bevond the exterior
surface 116 of the valve member 112, In several example embodiments, the axial offset of the annular
round 124a from the cud face 112b of the valve member 112 prevents, or at least reduces, radiallv maward
expansion of the scal 126 mto the space between the end face 112b and the valve seat 14 (i.e., the area
where the “hard stop” is established). In several example embodiments, the axial offset of the annular
round 124a from the end face 112b of the valve member 112 prevents, or at least reduces, overloading of
the seal 126.

In scveral example embodiments, the radial offsct of the annular round 124b from the exterior
surface 116 of the valve member 112 permits the contact surface 134 of the seal 126 1o extend axially
bevond the end face 112b of the valve member 112, In several example embodiments, the radial offset of
the annular round 124b from the exterior surface 116 of the valve member 112 permifs engagement
between the seal 126 and the valve seat 14 before the end face 112b engages the valve scat 14, In several
example embodiments, the radial offset of the annular round 124b from the exterior surface (16 of the
valve member 112 permits proper loading of the seal 126.

In several example embodiments, the shape or profile of the seal 126 permits the radially outward
expansion of the seal 126 bevond the exterior surface 116 of the valve member 112, In several example
embodiments, the shape or profile of the seal 126 prevents, or at least reduces, radially inward expansion

of the seal 126 into the space between the end face 112b and the valve seat 14 (1., the area where the
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“hard stop” 1s established). In several example embodiments, the shape or profile of the seal 126
prevents, or at least reduces, overloading of the seal 126.

In several example embodiments, the biasing member 150 prevents, or at least reduces, wear and
vibration of the hanger 16 and or the clapper 18 caused by, for example, turbulence in the flud 134, In
several example embodiments, the biasing member 150 permuts flexibility of dimensional tolerances
between various components of the clapper valve 10, In several example embodiments, the biasing
member 150 reduces ngidity between various components of the clapper valve 10,

It is understood that variations may be made in the foregoing withowt departing from the scope of
the present disclosure.

In several example embodiments, the elements and teachings of the various illustrative example
embodiments may be combined in whole or in part in some or all of the illustrative example
embodiments. In addition, one or more of the clements and teachings of the various illustrative example
embodiments may be omitted, at least in part, and/or combined, at lcast in part, with one or more of the
other elements and teachings of the various iHlustrative embodiments,

Any spatial references, such as, for example, “upper,” “lower,” “above,” “below,” “between,”
“bottom,” “vertical.” “hornzontal,” “angular,” “upwards,” “downwards,” “side-to-side,” “lefi-to-right”
“right-to-left,” “top-to-bottom,” “bottom-to-top.” “top,” “bottom,” “bottom-up,” “top-down,” etc., are for
the purpose of illustration only and do not bnut the specific onentation or location of the structure
described above.

In several example embodiments, while different steps, processes, and procedures are deseribed
as appeanng as distinct acts, one or more of the steps, ong or more of the processes, and/or one or more of
the procedures may also be performed in different orders, simultancousty and/or sequentially. fn several
example embodiments, the steps, processes, and/or procedures may be merged mnto one or more steps,
processes and/or procedures.

In several example embodiments, one or more of the operational steps 1o each embodiment may
be omitted. Morcover, in some instances, some features of the present disclosure may be cmployed
without a corresponding use of the other teatures. Moreover, one or more of the above-described
embodiments and/or variations may be combined in whole or in part with any one or more of the other
above-described embodiments and/or vanations.

Although several example embodiments have been described in detail above, the embodiments
described are exemplary only and are not imiting, and those skitled 1n the art will readily appreciate that
many other modifications, changes and/or substitutions are possible in the example embodiments without

matenally departing from the novel teachings and advantages of the present disclosure. Accordingly, all
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such modifications, changes, and/or substitutions are intended to be mmcluded within the scope of this

disclosure as defined in the following claims. In the claims, any means-plus-function clauses are mtended

to cover the structures described herein as performing the recited function and not only structural

equivalents, but also equivalent structures. Moreover, it is the express intention of the applicant not to
imvoke 35 U.S.C. § 112, paragraph 6 for any hmitations of any of the claims herein, except for those in

which the claim expressly uses the word “means™ together with an associated function.
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Claimgs

What is claimed is:

1. A valve assembly, comprising;

a valve body defining an internal region, an inlet passageway, and an outlet passageway, the nlet
and outlet passageways extending into the internal region;

a valve seat connected to the valve body and defining a fluid passageway, the valve seat
comprising a first end face extending about the fluid passageway;

a clapper extending within the mternal region, the clapper comprising a second end face at jeast
partially defining a first annular groove; and

a seal extending within the first annular groove and adapted to sealingly engage the first end face
of the valve seat;

wherein the clapper is actuable between:
an open configuration, in which fhud flow is permitted throagh the fluid passageway; and
a closed configuration, in which the seal sealingly engages the first end face o at least

partially restrict fluid flow through the flind passageway.

2. The valve assembly of claim 1, wherein, when the clapper is in the closed configuration, the
second end face contacts the first end face to limit compression of the scal against the first end

face,

3. The valve assembly of claim 1, wherein the clapper further comprises a circumferentially-

extending exterior surface at least partially defining the first annular groove.

4, The valve assembly of claim 3, wherein the scal comprisces an annular bulbous protrusion and a
rachally-extending contact surface adapted to contact the first end face when the clapper 15 in the
closed configuration, the radiallyv-extending contact surface being axially offset from the second

end face.

5. The valve assembly of clamm 3, wherein, at the first annular groove, the clapper comprises first
and seccond annular rounds and a concave surface, the first annular round adjoining the exterior
surface and being axially offset from the second end face to permit radial expansion of the seal,
the second annular round adjoining the second end face, and the concave surface adjoining the

first and second annular rounds.
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The valve assembly of claim 1, wherein the valve body further defines an access bore extending
nto the intemnal region; and wherein the valve assembly further comprises a hanger extending
within the access bore, the clapper being pivotably coupled to the hanger so as to be pivotable

between the open configuration and the closed configuration.

The valve assembly of claim 6, whersin the hanger defines first and second tapered slots, the first
tapered slot defining first and second end portions, the second tapered slot defining third and

fourth end portions, the first and third cnd portions cach baving a first internal dimension, and the
second and fourth end portions cach having a second mternal dimension, wherein the first mternal

dimension is less than the second internal dimension.

The valve assembly of clam 7,
wherein the hanger comprises tirst and second hinge blocks, the first tapered slot bemg formed in
the first hinge block, and the second tapered slot being formed 1n the second hinge block;
wherein the clapper comprises a third hinge block extending between the first and second hinge
blocks, the third hinge block defining a cylindrical passage; and
wherein the valve assembly further comprises a pin extending within the tirst and second tapered

slots and the cylindrical passage.

The valve assembly of claim 8, wherein, when the clapper is in the open configuration, the pin is
urged toward the first and third end portions of the first and second tapered slots, respectively,
such that the pin is at least partially restricted from moving one or more of vertically or

horizontally relative to the hanger.

The valve assembly of claim 7, wherein, when the clapper 1s 1o the closed configuration, the pin
is urged toward the second and fourth end portions of the first and second tapered slots,
respectively, to enable the pin to at least partially move ong or more of vertically or horizontally

relative to the hanger.

The valve assembly of claim 6,

wherein the valve body comprises an internal shoulder at the access borg; and
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wherein the valve assembly further comprises a cap coupled to the valve body at the access bore
and a biasing member positioned between the cap and the hanger, the biasing member

wrging the hanger towards the internal shoulder of the valve body.

The valve assembly of claim 1,

wherein the valve body further defines a counterbore and the valve seat further defines a second
annular groove, the valve seat being adapted to be removably engaged with the valve
body at the counterbore; and

wherein an annular seal extends within the second annular groove and is adapted to scalingly
engage a portion of the valve body when the valve seat is removably engaged with the
valve body, the annular seal being configured to reduce a force imparted on the annular

scal when relative motion is effected between the valve seat and the valve body.

The valve assembly of claim 12, wherein, to promote face-to-face contact between the annular
seal and the valve body, the annular seal includes a sealing face extending substantially parallel to

the portion of the valve body with which the annular seal is adapted to be sealingly engaged.

A valve member adapied to be seated against a valve seat that defines a fluid passageway, the

valve member comprising:

a body comprising an end face at least partially defining an annolar groove; and

a seal extending within the anoular groove of the body and adapted to sealingly engage the valve
seat,

wherein the valve member 1s actuable between:
an open configuration, in which fluid flow 1s permitted through the fluid passageway; and
a closed configuration, in which the scal sealingly engages the valve seat to at least

partially restrict fluid flow through the fluid passageway.

The valve member of claim 14, wherein, when the valve member i3 in the closed configuration,

the end face contacts the valve seat to imit compression of the seal against the valve seat.

The valve member of claim 14, wherem the body further comprises a circumferentially-extending

exterior surface at least partially defining the annular groove.
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The valve member of claim 16, wherein the seal comprises an annular bulbous protrusion and a
radiallv-extending contact surface adapted to contact the valve seat when the valve member is n
the closed configuration, the radially-extending contact surface being axially offset from the end

face.

The valve member of claim 17, wherein the seal further comprises an annular concave surface

axially between the exterior surface of the valve member and the annular bulbous protrusion.

The valve member of claim 16, wherein, at the annular groove, the body comprises first and
second annular rounds and a concave surface, the first annular round adjomning the exterior
surface, the sceond annular round adjoining the end face, and the concave surface adjoining the

first and second annular rounds.

The valve member of claim 19, wheremn the first annular round is axially offset from the end face

to permit radial expansion of the seal.
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