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REPAIRABIFE VALVE
BACKGROUND

{6001 ] High-reliability valves suitable for high pressure steam service with trim inserted
through only onte end of a flow bore are disclosed in commonly assigned US Patenis 7093819
and 7249751, Such valves are generally welded in place in the line in which they are installed,
necessitating cutting of the line {o remove and replace them. Additionally. the valve stem has
a blowout prevention feature which prevenis the stem from being removed without removing
the valve from the line and {irst removing the apstream seat and ball. Thus, to repair the stem
packing w-hne (without removing the valve), cut ring packing must be used since the stem
cannot be removed. Moreover, the valves are not generally repairable due to the mability to
remove the downstream seat without damaging the seat and/or valve bodyv and the valves are
thus generally replaced in their entirety.

[0002] Moreover, during assembly of such valves, it can be difficult to place the ball and
upstream seat in the flow passage because these elements are floating 1n the flow passage and
the ball needs to be aligned to properly engage the stem, which s installed first in the “819 and
“7S1 patents.

[6603] Additional references of intersst include US4342444, US6669171, USTEH0626,
UR7850143, US8908173, UUS9240889, USO48R033, USUS551425, UST0400901, US11137077,
US11644100, KR102006924, US2019226613, GB22380%, US4637421. UR11199270,
USZ022120350,  CNLLIBI0668,  US2020141507,  US2020370058. US2020408310,
US2021123533, EP3665409, UST0400901, UST1162598, UNI105003677. US2013137020,
USSI5E080, USBTT0546, US10539242, USB3128R89, USB308132, USE100199, USB6T2042,
UST887025, USTE36909, UKT267323, UR30S65876, 183462120, UUSS333834, USS5524863,
US424708G, US4587990, USA3277404, US4E15701, US4R8020352, US4477055, US11137077,
US8998173, USO488033, USO551425, USS249680, USY366345, US500285, UST690626,
US6669171, US4342444, US3484079, and US3430253.

[0004] What 1s needed 1¢ such a valve with a stem that is removable in-line so that the stem
packing can be replaced, while retaining the blowout prevention features: a valve that can be
installed without welding: a valve that can be repaired bv removing the valve mternals without
damaging the valve body and/or the interals; a valve design that facilitates proper placement
of the foating ball in the flow passage, and/or a valve that can be easily assembled,
disassembled and serviced by inserting and/or removing the valve trim ifernals through one
end of the flow bore.

SUMMARY OF THE INVENTION
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{0005] The present invention addresses the valve stem removability issues of the prior art
valves in an embodiment by using a shear bushing having a noncircular outer profile that
cooperates with a profile of a stem opening in the stern bracket such that the shear bushing can
be selectively rotated on the valve stem to pass through the opening o release or wstall the
valve stemy, or prevented from passing through the opening so the shear bushing and the valve
ster are retained by the brackel

[3006] Stated another way, the present invention addressas the issues with the prior art valves
in an embodiment by using a shear bushing rotatable on the stem with respect to the bracket
that has at least one laterally extending portion with a radial dimension larger than a minor
inside diameter (I13) of a bracket opening, and one or more matching lateral openings in the
bracket opening. The stem can be selectively retained by or removed through the bracket
opening by offsetting or aligning the laterally extending portions of the bushing with the
maaiching openings of the bracket bore.

[6067] For example, the shear hushing can have a major outside diarseter (013}, a nunor OB,
and one or more nunor {0 portions alternated with one or more lobes extending to the major
(313; and the stem opening can have a minor I a major 1D, and one or more minor I portions
altermated with one or opening passages exiending o the major 113, where the ninor TD portions
can avially pass the minor O portions and the operung passages can asially pass the fobes.
6008} Also, the present invention provides embodiments addressing the placement of the flow
control element in a floating ball valve configuration where the valve trim is inserted through
one end of the fow bore, by using a cartridge assernbly that, during assembly. releasably retains
the relative position of the flow conirol element in engagement with the upstream seat assembly
and/or aligns the flow control element with the downstream seat element in #s approach to the
downstream seat; and upon engagement with the downstream seat releases the flow control
element to float between the upstream and downstream seat elermenis.

{6009] For example, the cariridge assembly can use an annular spacer following behind the
flow control element to support an expandable sleeve to releasably engage the flow control
etement and hold the upstream seat assembly between the annular spacer and the flow control
elervent for msertion mto the {low bore, where the valve comprises an ouwtwardly tapered
surface to expand the sleeve and release the flow control element to float between the upstream
and downstream seat elements. The sleeve assemblv can. for example, have retention arms
mwardly angledto a small angle and spaced around the flow control element, and the outwardly
tapered surface can, for example, be provided as a tapered annular surface formed on the

downstream seat adjacent the downstream seat element positioned to engage leading ends of
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the retention arms and spreads them apart as the cartridge is advanced to release the flow
control element to float.

{0610] Further, the present wavention provides embodiments addressing the repatrability of
floating ball valves where the valve trim is inserted through one end of the flow bore. by using
repairable trim where the seat body is removable through the flow bore for service or
replacement. For example, the seat body can be threaded or friction it into an entry bore into
the outlet bore where it can be removed with a tool that can be inserted in the flow bore; or it
can sealingly engage a seat landing secured in the entrv bore.

[3011] In certain embodiments, the assembly or disassembly of the repairable valve trim
comprising a floating How control element using the cartridge assembly and/or the removable
downstream seat body, is enabled or facilitated by the ability to install and/or remove the valve
trim free of valve stem intrusion inte the flow bore that might otherwise interfere with
placement or removal of the valve trim components, since the valve stem can be installed after
the valve trim is mstalled or removed before the valve frim is removed, even when the valve
body and bracket are integrallv forged and there is a stem blowout prevention feature. For
example, placement or removal of the flow control element 1n the flow bore of a valve with a
stem blowout feature. where the single piece valve bodyv and stem bracket are integrally formed
together, e.g., by forging, can be free of interference from the valve stem.

[6812] In one aspect, embodiments of the present invention provide a valve comprising;

a valve body comprising a flow bore and a stem borg;

4 flow cordrol element rotatably disposed m the flow bore:

a bracket fixedly supported from the valve hodv and comprising a stem opening sligned with
ithe flow bore;

avalve stem rotalably disposed i the stern bore and compnising a st end disposed i a
central bore of a shear bushung adiacent the bracket, a stem shoulder {0 engage the
shear hushing adjacent the first end, and a3 second end engaging the tow conirol
element; and

a bushing profile of the shear bushing cooperating with an operung profile of the stem
opening for selective retention and release of the valve stemy, wherein the shear
bushing is rotatable between 3 stem release position. wherein the bushing profile 5
aligned with the opening profile and the shear bushing can pass through the stem
opening, and a stem refention position, wherein the bushing profile s offset with
raspect to the opening profile and the bracket and stem shoulder engage opposite sides

of the shear bushing to retain the valve stem in the siem bore.
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{0013} In another aspect, embodiments provide a method of inserting a valve stem in g valve
that comprnises:
mstalling a flow control element in a flow passage through a valve body;
inserting a first end of a valve stem into a central bore of a shear bushing;
mserting the valve stem into a stem opening through a bracket fixadly supported from
the valve body,;
radially aligning the shear bushing with respect to the bracket in a stem release
position wherein a bushing profile of the shear bushing cooperates with an
opening profile of the stern opening for aual passage of the shear hushing
through the stem opening,
axially posttioning the shear bushing between the bracket and a stem shoulder on the
valve stemy;
mserting a second end of the valve stem into a stem bore through the valve bodv to
engage the flow control element; and
rotating the shear bushing o a stem refention position wherein the bushung profife is
offset from the opening profile and the bracket and a stem shoulder on the
valve stem engage oppostie surfaces of the shear bushing to retain the valve
stem in the stem bore.
[6014] In another aspect, embodiments of the present mvention provide a repairable valve. The
valve comprises:
a valve body with an axial Swd flow bore therethrougly
a spherical flow controd element disposed i the flow bore and rotatable between open and
closad positions;
avalve stem having one end 1 engagement with the flow control element for rotation
thereof, the valve stom removably passing through a siem bore formed thwough the
vatve body;
whergin the fhud flow bore comprises a main passage, an inlet end, and an cutlet end,
wherein the man passage bas a diameter larger than a diameter of the flow control
clement, wherein one of the wndet and outlet ends has an innerrost daroeter equal to
or {arger than the diameter of the main passage;
valve trim comprising a downsiream seat and an upstream seat assembly, the downstream
seat disposed between the outlet end and the flow conirol element for sealing between
the flow contral element and the valve body, wherein the downsiream seat comprises

a body seal 10 sealingly engage the valve body and a seat element having a sealing
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surface to sealingly engage the flow control element, wherein the upstream seat
assembly, the flow conirol element, and at least the downsiream seat element are
removable {rom the valve body through one end of the flow bore; and
the upstream seat assembly disposad in the main passage betwaen the inlet end and the flow
controf element, the upstream seat assembly comprising a spring to bias an upstream
seat element against the flow control element and the flow control element againsi the
downstream seat element, whersin the flow control element floats between the
upsiream and downsiream seat elements; and
avetainer removably attached to the valve body about the fluid flow bore and baving one or
more projecitons into the fow bore o secure the downstream seat, the How coniral
element, and the upstreanm seat assembly i the flow bore and load the spring.
{8015} in another aspect, a method of assembling the repairable valve just described comprises
the steps of:
mstailing the downstream seat into the mamn passage adjacent the outlet end for
sealing engagement with the valve body;
mstalling the flow control element into the main passage against the downstream seat;
installing the upsiream seat assembly into the main passage against the flow control
element; and
mstalling the retainer and loading the spring to bias the upstream seat element against
the flow control element and the flow control element against the downsiream
seat element.
{3016] In another aspect, a method of servicing the repairable valve just described comprises
the steps of:
emoving the retainer;
removing the upsiream seai assembly from the main passage;
removing the flow control element from the main passage; and
removing at least a seat element of the downstream seat from the main passage.
[6617] Tn another aspect, embodiments of the present invention provide a repairable valve
assernbly sysiem, comprising componertds adapted to be assernbled together info a repairable
valve. The components comprise:
avalve body with an axial fluid How bore therethrough, wherein the fluid flow bore
comprises g mmn passage, an inlet end, and an outlet end;
a downstream seat adapted to be inserted into the main passage through the inlet end and at

feast a portion of the downsiream seat sealingly secured {0 the valve body adjacent the
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outlet end, wherein the downstream seat comprises a seat element having a sealing
surface to sealingly engage a flow control element and a tapered ouler surface
adjacent the sealing surface, wherein at least the downstrearn seat element is
removable from the valve body through the inlet end;
a cartridge assembly adapted to be inserted into the main passage through the inlet end, the
cartridge assembly comprising:
the flow control element, wherein the flow control element has a diameter less than
the diameter of the main passage;
an upstream seat assembly comprising an upstream seat element having a surface to
engage the flow control element, an annular spacer having an ouiside diarveter
larger than the flow control element, and a spring disposed between the spacer
and the upstream seat element; and
a sleeve recetvimg the flow control element and at least a portion of the spacer,
wherein the sleeve comprises radially spaced arms extending axially froma
base at a first end adjacent the spacer to a second end extending beyond the
flow control element;
whersein the arms are positioned at a small angle with respect to a longitudinal axis to
hold the flow control element in engagement with the upstream seat element,
the upstream seat element in engagement with the spring, and the spring in
engagement with the spacer in an instaliation configuration; and
wherein installation of the cartridge assembly in the mstallation configuration through
the mlet end of the flow bore causes the second ends of the arms to contact the
taper, spread the arms apart, and release the flow control element to float
between the upstream and downstream seat elements; and
a retainer adapied (0 be removably altached 1o the valve bady about the Quid flow bore and
having one or more projections into the flow bors i secure the downsiream seat, the
flow conirol element, and the upsiream seat assembly in the flow bore and load the
apring
16018] To another aspect, embodiments of the present nvention provide a method of
assembling a valve from the components just described. The method comprises the steps of!
installing the downstream seat through the inlet end and securing at least a portion of
the downstream seat in sealing engagement with the valve body;
mgerting the cartridge assembly through the inlet end and into the main passage untii

the arms contact the taper of the downstream seat element;
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advancing the cartridge assembly to spread the arms apart and release the flow control
clement and the upstream seat element; and
mstalling the retainer through the inlet end to load the spring and bias the upstream

seat element against the flow control element and the flow control element
against the downsiream seat element.

[6019] In another aspect, embodiments of the preseni imveniion provide a repairable

bidiractional version of such valves. The upstream seat element has a sealing surface to

sealinglv engage the flow control element. The retainer comprises an annular plug having an

enfarged end threadedly engaged in the inlet end. A gasket is shouldered between the enlarged

end of the plug and the valve body.

BRIEF DESCRIPTION OF THE DRAWINGS

[8628] The nvention is described below in reference to the following drawing figures in

which:

16621] FIG. | is a cross-sectional view of a repairable valve according to an embodiment of

the present invention;

108221 FIG. 2 is a perspective view of the shear bushing in FIG. 1:

[B023] FIG 315 a plan view of the valve of FIG. | as seen along the lines 3-3 showing the

shear bushing aligned for stem insertion/removal, and showing user end connections, partly n

section;

{6024} F1G. 4 is another plan view of the valve of FIG. 3 showing the shear bushing radially

offset for stem retention and operation;

16025] FIG. S s a partially cutaway perspective view of the valve trim of another embodiment

of the present invention using a cartridge;

[B026] FIG. 618 a perspective view of the sleeve of the cartridge from FIG. 5,

[6027] FIG 715 apartially cut away view of a valve showing the valve trimo of another cartridge

embodiment of the present mvention:

[6028] FIG. 8 is an exploded view of the valve trim of FIG. 7;

[6629] FIG. 9 3 a cross-sectional view in plan of a portion of the valve trimy of FIGs. 7-8 in

mstallation mode as seen along the lines 8-8;

16030] FIG. 10 is an enlarged cross-sectional view of one side of the cartridge assembly of

F1Gs. 7-9 in installation mode just as the cartridge arms contact the taper of the downstream

seat during installation;

[6031] FIG. 11 is an enlarged cross-sectional view of the side of the cartridge assembly of FIG.

10 after the cartridge has been fully advanced;
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[0032] FIG. 12 is a cross-sectional view of a bidirectional valve according to another
embodiment of the invention;

[0033] FIG. 13 is a cross-sectional detail of a downstream seat wherein the cone comprises
ridges to form a labyrinthine seal according to another embodiment of the invention;

[0034] FIG. 14 is a partially cutaway view of a portion of a valve wherein the downstream seat
assembly comprises trapezoidal screw threads according to another embodiment of the
invention;

[0035] FIG. 15 is a perspective cross-sectional view of a portion of a valve showing a
downstream seat having a flare fitting threaded into the valve body, and internal notching for
installation with a square bar according to another embodiment of the invention;

[0036] FIG. 16 is a partially cutaway view of a valve wherein the downstream seat assembly
has a pressed in seat land according to another embodiment of the present invention;

[0037] FIG. 17 is a cross-sectional detail of the downstream seat in the valve comprising a
double ferrule tubing connection according to another embodiment of the invention;

[0038] FIG. 18 is a partially cutaway view of a portion of the valve showing the downstream
seat detail comprising a lip seal according to another embodiment of the invention;

[0039] FIG. 19 is a partially cutaway view of a portion of the valve showing the downstream
seat detail having a flare fitting threaded into the valve body and external hex cut according to
another embodiment of the invention; and

[0040] FIG. 20 is a perspective sectional view of an installation tool connected to the valve
according to another embodiment of the invention.

DETAILED DESCRIPTION

Definitions

[0041] As used herein, the term “adjacent” refers to something in, on, or near something else;
not distant.

[0042] As used herein, the term “assembly”” refers to the fitting together of manufactured parts
into a complete machine, structure, or unit of a machine, or a collection of parts so assembled.
[0043] As used herein, the term “axially™ refers to located in the direction of an axis.

[0044] As used herein, the term “flow control element” refers to an at least partially spherical
plug having a flow control bore therethrough which can be rotated to allow or block or control
fluid flow.

[0045] As used herein, the term “ball valve” refers to a valve having a generally spherical flow

control element disposed in a flow passage through a body of the valve that can be rotated to

RECTIFIED SHEET (RULE 91)
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align (“opent”) or un-align {“"closed™) a flow control bore through the flow control element with
the flow bore through the valve body.

[0046] Asused herein, the term “Bi-directional” refers to a valve that is operable to seal against
flow 1n both directions, i.e.. when a high pressure is applied to the normally upsiream side, as
well as when a high pressure is applied to the normally downstream side.

{60471 Asused herein, the term “bore™ refers to a hole or passage made by oras if by use of a
drill.

[60648] As used herein, the term “bracket” refers 1o a support member that provides attachment
locations.

[0049] As used herein, the term “butterfly profile” refers to a profile having a relatively
slender central body and a pair of opposing wings extending outwardly from the body.

{80581 As used herein, “cartridge” refers to a small modular unit designed to be inserted into
a larger piece of equipment,

[6051] As used herein, “central” refers to contairung or constituting a center: situated at, in, or
near the center,

[3052] As used herein, the term “clamping hub™ refers to a flanged hub suitable for sealingly
clamping to a similarly flanged hub of adjoining piping, e.g.. pipe. pipe fithing or another
component,

[8053] As used herein, the term “contiguous”™ refers to connecting without a break.

{8054} As used herein, “embodiments™ refers to a particular structure or feature as an example
of the invention,

{30551 As used herein, the term “downstream” refers to the normally low pressure or outlet
side of a process or a location in a process that occurs later in a process.

[3036] As used herein, the ferm “engaging” refers to anv type of mechanical engagement
capable of coming into contact, interlocking, or meshing two separate components,

[8057] As used herein, the term “entrv bore™ refers to the transition profile at an entrance to
one passage from another passage, e.g., into the outlet bore from the main bore.

[B088] As used herein, the term “extending” refers to continuing for a particular distance orin
g particular direction.

{60591 As used herein, the term “fixedly” refers to a reversibly or preferably permanent
attachment of an object such that relative movement is preventad.

[00608] As used herein, the term “fare fitting™ refers to a compression fitting in which a flare
nut secures the tapered end of a flared tubing o create a pressure- and leak-resistant seal. e.g.,

a 37-degree fitting conforming to AN {Air Force — Navy Aeronautical Design Standards) or



WO 2024/102377 PCT/US2023/036972

JC Qoint Industries Council) such as SAE (Society of Automotive Engineers) 1514/1S0-8434-
2.

[0061] Asused herein, the term “floating ball valve” refers to type of ball valve where the ball-
shaped tlow control element is held between fwo seat elements 5o that it “floats” normally off
the surfaces of the flow passage.

{80621 As used herein, the term “in line” refers to a valve or other piping component connected
at both ends to process piping, of to operation or servicing of the piping component while it is
connected at both ends to process piping.

[3063] As used herein, the terms “ID™ and “OD” refer to an inside diameter and an outside
diarneter, respectively. As used herein, the terms “major ID” and “major OD” refer to the
largest inside and outside diameters, respectively. As used herein, the terms “nunor 1D and
“minor QD7 refer to the smallest inside and outside diameters, respectively.

606471 As used heretn, the terms “inner” and “outer” refer to the location of valve corponents
disposed near or towards the flow control element, and distant or away from the flow control
element, respectively.

[3065] As used herein, the term “integral” refers to a one-piece monolithic item having no
rerpovable pasts without damaging or modifying the ifem.

[3066] As used herein, the terms “leading” and “traling” refer to things that come first or
follow, respectively.

{8067 As used herein, the term “lobe™ refers 1o a usually rounded or pointed projection on an
object that sticks out from the main part.

{30681 As used herein, the term “machine taper” refers to an internal connection interface in
which atapered conical male member fits into a female socket with a matching taper, including
Brown and Sharpe tapers, Morse tapers, Jacobs tapers, Jamno tapers, NMTEB (MNational Machine
Tool Builders Association) tapers. hollow taper shank (HSK) tapers, RE tapers, and the like,
[6069] As used herein, the term “main” refers to chief in size. exteni. or importance; principal.
{8874} As used herein, the term “offset” refers to a first shape profile having edge lines that
croes edge lines of a second shape profile superimposed over the first shape profile, e.g., the
axes of sumilarly shaped profiles may be offset, coasial profiles of sumilar shape may be
angularly oftset (rotated), and so on.

[307%] As used herein, the term “passage”™ refers to a path, channel. or course by which

sorething passes.

10
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{00721 As used herein, the term “polvgon cut profile” refers to a profile having a plurality of
regufarly spaced points, e.g., a hex cul profile has six or a multiple of six regularly spaced
points derived from a six-sided polygon{s).

[6073] As used herein, the term “profile” refers 1o an outline of an object.

[6674] As used herein, the term “received” refers to positionad or ortentad.

[6075] Ags used herein, the ferm “removable” refers (0 a component that can be removed from
an assembly without damage to or modification of the removed component or other
components of the assembly.

[3076] As used herein, a “retaining ring”, sometimes also called a circhip, refers to a flat spring
ring split at one point so that it can be sprung closed to pass into a bore and allowed to spring
out o an annular recess to form a shoulder in the bore, or sprung open to pass over a shaft or
spindie, and allowed 1o close into a closely fitting anmuar recess to form a collar on the shaft.

{68771 As used heretn, a “retention mermber” refers to any merber that retaing the posttion of
one part with respect to another.

{30781 As used herein, a “seal” refers to a tight and perfect or nearly perfect closure {as against
the passage of gas or water}.

{30791 As used herein, the term “single prece™ refers to a monolithic structure formed from or
as from or into one piece. and the term “single piece valve” refers to a valve having a single
pigce valve body.

{6088} As used herein, a “seat” refers to a part or surface designed for ancther part to be
recerved or rest, and “valve seat” (o a part or assernbly of parts inside a valve that has a surface
that contacts the moving closure member of a valve, usually to effect or assist closure to seal
off or to restrict flow in a passageway of the valve. A “fixed seat” refers to a valve seat held
against the closure member so that it does not normally move, whereas a “spring-driven seat”
ot “pusher seat” refers 10 a seat biased by a spring. As used herein. the term “seat bodv™ refers
to the physical structure of a seat, whereas the term “seat element” refers to a part or component
of a valve seat that has a surface that engages the closure member.

[6081] As used herein, the term “seat land” or “seat landing™ refers to a machined piece with
a site specifically adapted fo receive a seat, e.g., 10 a sealing relationship.

{30821 As used herein, the term “shear bushing”™ refers to a hollow bushing acted on by two
forces in opposite directions.

{0083} As used herein, the term “shoulder” refers to a projection made on a piece of shaped

wood, metal, or stone, where its width or thickness is suddenly changed.

11
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[0084] As used herein, a “sleeve” refers to a generally tubular piece, as of metal, fitting over
another part or parts.

[B085] As used herein, the term “small angle” refers to an angle greater than 0 degrees and less
than 20 degrees, preferably less than 10 degrees, and especially less than 5 degrees.

[6086] As usad herein, the term “solid height”, also sometimes called the solid length or closed
length or height, refers to the length of a compression spring at the complete exient of
compression, 1.e., when compressed to the extent that each and every coil 1s in contact with the
next or a compressing surface.

[BO87] As used herein, the term “spherical” refers o having the form of a sphere or one of iis
segments.

[B088] As used herein, “supported” refers to objects that are located above and sitting on a
supporting structie or device.

608971 As used herein, the term “tang” refers to a projection by which a tool, such as a chisel
or knife, 15 attached to its handle or stock; shank

{80981 As used herein, “trapezoidal screw threads™ are screw threads having profiles with
traperoidal outlines, including acme and trapezoidal metric thread forms having a thread height
half of the pitch and a flat apex and valley.

[3091] As used heremn, the term “triva” refers o the internal components of a valve,

{8092} As used herein, the term “upstream” refers to the normally high pressure or inlet side
of a process or a process location that is earlier in a process.

{60931 As used herein, the terma “valve” refers (o a device to control the flow of a liqud. gas.
or other material through a channel, and a “valve body” refers to the main, central, or principal
physical structure of a valve to which other componenis are attached and often includes
channels generally housing the flow control element and through which a matenal can flow.
[0034] As used heretn, a “valve cavity” refers 1o the space in a valve body receiving the flow
control element; also, the space between an interior surface of the main passage or bore of the
valve body and the flow conirol element. The surface of the valve cavity is often formed as a
main bore i the valve body.

Embodiments

160951 As disclosed herein, a vaive according 1o the prasent mvention is one of the general
type where a flow bore 1s formed through the valve body and a flow control element 18 roiatably
received in the flow bore to control fluid How by rotation of the How conirol element wsing a
valve stem. In preferred embodiments, the valve body is preferably of single piece construction

mchuding mtegral user end connections, and since valves of this tvpe do not have aay

12
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removable ends or access covers on the top, bottom or sides, by which the flow conirol element
and other valve frim can be installed in the valve cavity, the valve tnim 1 often installed via
one end of the flow bore, and only one end of the flow bore. that has a larger inside diareter
{1{}} than another end.

Stemn Retention Embodiments

[6696] Broadly, in one embodiment, the valve comprises a valve body, preferably of single
piece construction, comprising a How bore and a stemt bove. A preferably spherical flow control
glernent is rotatably disposed in the flow bore and is often rotatable between open and closad

positions. The valve stem e rotatably received in the stem bore 1o engage and operate the low

control element. A bracket s fivedly supported from the valve body, e g.. spaced laterally from

the valve body on a support, and comprises a stem opening aligned with the stem bore. The
bracket and valve body ave preferably integrally forged together. which can often improve and
maintain the alignment of the stem bore and steny opening in the bracket,

166971 The valve stem has a first end disposed ina ceniral bore of a shear bushing adiacent the
bracket, a stem shoulder 1o engage the shear bushung adjacent the first end of the valve stem,
and a second end of the valve stem engages the flow control element. The stem shoudder i3
often formed on the valve stem with an enlarged outer diaroeter relative 1o a main diameter of
the valve stemito axiallv engage the shear bushing, e g, adiacent the bracket. The siem shoulder
often supports a first slide bearing swrface, and the shear bushing often supports a second slide
bearing surface opposing the {irst slide bearing surface,

[6698] The shear bushing has a bushing profile that cooperates with an opeung profile of the
stem opening {or selective retention and release of the valve stem The shear bushing i3
rotatable o the valve stem with respect to the bracket between a stem release position, whers
the bushing profile is aligned with the opemng profile so that the shear bushing can pass

through the stem opening, and a stem retodion posiiton, where the bushing profite s offset

with respect {0 the opening profile and the brackst and stem shoulder engage opposite sides of
the shear bushing to inhibit axial movement of the shear bushing and valve stem awav from
the valve body, and thos retain the valve stem in the stem bore. This arrangement preferably
prevends stem blowout 1o the event of excessively high pressures of the process fluid within
the vaive bodv.
13099] For example. the bushing profiie can be defined by a minor outside diameter {OD), a
najor O, and one or more minor 8D portions along the miner OD alternated with ong or
more lobes extending radially from the minor O toward or to the major O The stem opening

in the bracket can likew:se be defined by a nunor insids diameter (1D}, a major 1D, one or more
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minor 1 portions along the minor 1D, often corresponding to the one or more nunor 0D
portions of the shear bushing, aliernated with one or more wajor 1D portions along the magor
1D, and ome or roore oponing passages extending radially from the minor 1 to the major 11,
often corresponding to the one or more lobes of the shear bushing.

[6100] Often, the 0D of the stem shoulder and the nunor OD of the shear bushing ars less than
the manor 1D of the stem opening, and the lobes exdend radially bevond the manor I3 of the
stem opening. Preferabdy. the bushing profile and the opening profile comprise diaetrically
opposad pairs of the nunor OD portions, the lobes. the minor 15 portions, and the opening
passages, and the {obes are smaller than the opening passages o allow axial passage.

[3101] More preferably, the bushing profile and the opening profile comprise matching
butterfly profiles. although other shapes such as dogbone, square or rectangular are not
exchuded.

[6302] The valve often further comprises a bushing refention member seuring the shear
hushing m the stem retention position, preferably wherein the bushing retention member i<
clongated to extend through a retaining bore in the bracket into or adjacent {0 the lobhes, more
preferably wheretn the elongated bushing refention member i3 threaded and extends into one
of the lobes. The bushing retention member thus provides a lockout feature {o protect against
madvertently placing the shear bushing in the stem release position when tf 15 not intended.
[8103] A packing bore is desirably formed in the valve body coanial with the stem bore. One
or more preferably contiguous packing rings are often disposed arcund the stem in the packing
hore to form a seal between the stem and the valve body, and a packing gland can be postiioned
around the stem io load the one or mors packing rings. A gland flange 10 av open accass area
between the bracket and the valve body is often secured to the valve body around the valve
sterm to load the packing gland. Preferably, one or more hive loading springs are disposad
botween the gland flange and the packing gland, which can, for example. be dise sprigs or
springs around bolis securing the gland flangs to the valve body.

[6104] In any embodiment, since the valve stem is removable, the shear bushing and/or the
one or more packing rings can be contiguous, e.g., even when the bracket is integral, preferably
forged together with a single-piece valve body, and the valve stem and packing can be serviced
in line.

131058] The removabla-stem valve of this embodiment has wide versatility to be used with
almost any valve trim. For example, the valve trim often comprises the flow control element,
a downstream seat to form a seal between the valve body and the fow control element, and a

sprimg-driven upstream seat 1o bias the How control glement against the downsitearn seat,
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where the How conirol element often {loaly between the gpsiream seat and the downstream
seat. Preferably, the valve trim s insertable inlo the flow bore through one end of the Bow bore,
and at least the upsiream seat and the flow conrol element are removable through the one end.
A retamer having an annulfar struchire in the one end 15 often used 1o secure the valve tim i
the flow bore Preferably, the retainer comprises a retaining ring disposed in a groove in the
ong end or a threaded member threadedly engaged in the one end.

16106] In the following discussion, referance is made 1o the outlet bore having a simaller 1D
than the wlet bore. and the retamer being 3 retaining ring or arwndar plug. by way of non-
tmning example for the purposes of dlarity and simplicity

[G187] In one preferred embodiment, the valve trim desirably comprises a cariridge assembly
comprising the flow control element, the upstream seat, and a sleeve to hold the flow control
element and the upstream seat together in relative position for insertion into an inlet bore of the
flow bore. The sleeve is preferably expandable (o release the flow control element o {oat
hetween the upstream soat and the dovwnstream seat. Preferably, the valve comprises an entry
bore to an outlet bore of the flow bore, wherem the downstream seat comprises an annular seat
body having a downstream seat element to sealingly engage the flow control element and an
attachment end for removably securing the annular seat body i the entry bore.

[B108] In a preferred embodiment of this cartridge trim example, the attachment end and the
entry bore are threaded for threaded engagement The anmular seat body conveniently
comprises internal notching for mstallation with a square bar inserted through the inlet bore.
Preferably, euther (A) the annular seat body comprises a seal body {lange between the
attachment end and the downstream seat element, and a gasket is compressed between the seat
body flange and an annular surface of the valve body adjacent the outlet bore, more preferably
wherein the attachment end comprises trapezoidal screw threads; or (B} the entry bore
comprises a threaded section adjacent the main bore receiving a threaded portion of the
attachment end. a cylindrical section adjacent an D of the outlet bore receiving a cvlindrical
portion of the atiachment end, and a tapered section between the threaded and cylindrical
sections engaging a tapered portion of the attachment end, more preferably wherein the
atiachment end and the entry bore comprise a flare fitting profile.

16109] In another preferred embodiment of this cartridge trim example, the entrv bore
comprises a female machine tapered cone and the attachment end comprises a male machine
tapered cone. The attachrent end 15 received in the entry bore i an interference fit. More

preferably, the machine tapered cone comprises ridges to form a labyrinthine seal.
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{6110} In another preferred embodiment, the downstream seat comprises a seat land secured
w an entry bore 1o an outlet bore of the flow bore and a seat body comprising a downstream
seat element to sealingly engage the flow control element. The seat land and the seat body have
opposing lapped surfaces for sealing engagement. preferablv wherein the seat fand 1s press fit
into the entry bore. The downstream seat element can comprise, for example, external notches
io facilitaie lapping.

16111} In another preferred embodiment. the downsiream seat comprises a seat body having a
downstream seat element comprising a sealing surface sealingly engaging the flow control
element, and a threaded element threadedly received in the entry bore and having an external
polygonal cut profile, preferably a bex cut profile, for installation with a socket inserted through
the inlet bore. Preferably, the entry bore compnses a threaded section adjacent the main bore
recetving the threaded element, a cylindrical section adjacent an ID of the outlet bore receiving
a evlindrical element of the seat body, and a tapered section between the threaded section and
the cylindrical section engaging a tapered element of the downstream seat. The annular seat
body can be a single-piece body such as a high pressure flare fitting, or a rmulti-piece assembly
comptising a mut threaded into the threaded section, a tubular member, and a tapered element
such as in a lip seal or replaceable angle cut gasket.

{3112] In another preferred embodiment, the valve 1s bidivectional wherein the flow hore
comprises a caniral bore and first and second end bores {(normally ouilet and inlet bores),
whergin the central bore has an inside diameter (1D} larger than an 1D of the st end bore and
smaller than an TD of the second end bore. A fivst seat (ivpcally the normally downstrearo seat)
is provided for szaling engagement between the flow conirol element and the valve body
adjaceni the first end bore. The {irst seal comprises a first seat body having a first sealing
surface for sealingly engaging the flow control element and an aitachinent end releasably
secured 1o the valve body. A second seat {vormally the upsirearn seal) coroprises a second seat
body having a second sealing surface for sealingly engaging the flow control element. A seat
spring is provided to bias the second seat bodv against the flow control element, wherein the
flow control element floats between the first seat and the second seal. An annudar plug is
provided in sealing engagement with the valve body.

16113] The annular plug has an outer end threadedly engaged in the second end bore and an
inner end in engagement with the seat spring. A seat land is provided betwean the second seat
body and the inner end of the annular plug, preferably forraed on the inner end of the annular
plug, for sealingly engaging the second seat body and the inner end of the annular plug. The

inner end loads the seat spring against the second seat body to sealingly engage the first element
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when a fluid pressure is higher in the second end bore relative to the first end bore. The seat
tand sealingly engages the second seat body and the inner end of the annular plug when a fuid
pressure higher in the irst end bore relative to the second end bore compresses the seat spring,
e.g., where the seat spring 15 compressed to a height matching a height of the seat land. The
seat land desirably has a height in excess of a solid height of the seat spring.

[6114] Tn any embodiment of the valve just deccribed, clamping hubs and/or oversized flanges
are preferably formed on the valve body at inlet and/or outlet ends of the flow bore The
clamping hubs allow the valve 1o be inserted or removed from a line without welding or cutting,
alfow for closer spacing to the valve body than flanges (shorter inlet/outiet ends), and also
facilitate a larger inlet end bore {or installation and rernoval of the ftim.

{3115} The invention is also directed to a method of assembling the valve just described. The
method comprises the steps of: installing the flow control element in the fluid flow passage,
mstalling the shear bushing on the stem to engage the shoulder; passing the first end of the
valve stem through the bracket bore and the stem bore and into engagement with the flow
control element and aligning the one or more lobes of the shear bushing with the one or more
taterally extending openings of the bracket bore to pass the shear bushing through the bracket
bore; and rotating the shear bushing to position the one or more lobes in the radially offset
posttion fo stop the valve stem from passing back through the bracket hore.

[6116] Because the valve stem is independently removable, the flow control element can be
installed in the fluid flow passage either prior to or after passing of the first end of the valve
stem through the siem bore, preferably prior o,

{3117} If desired. the passage siep can also comprise passing the first end of the valve stem
through a packing gland in an open access area betwsen the bracketl and the valve body,
postiioning packing rings on the first end of the valve stem in a packing bore, and securing a
gland flange 10 the valve body 1o bias the packing gland against the packing rings.

{G118] The invention is also directed to a method of servicing the valve just described. The
method comprises the steps of! positioning the one or more lobes of the shear bushing into
alignment with the one or more laterally extending openings in the bracket bore; passing the
one of mmore lobes of the shear bushing through the bracket bore 1o disengage the first end of
the stem from the flow control element; inspecting and/or replacing packing rings on the first
end of the valve stem; passing the one or more lobes of the shear bushing through the bracket
bore and passing the first end of the valve stem throngh the stem bore {0 engage the flow control
element; and rotating the shear bushing to position the one or more lobes in the radially offset

position. If desired, the servicing can be with the valve in line.
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[3119] If desired, the servicing method can further comprise: disengaging a gland flange from
the valve body prior o passing the one or more lobes of the shear bushing through the bracket
bore to disengage the first end of the sters from the flow control elemsent; and aflter inspecting
and/or replacing the packing rings and engaging the first end of the stem with the flow control
element, securing the gland flange to the valve body to bias a packing gland against the packing
rings.

16120] In any embodiment, clamping hubs can be formed on the valve body at inlet and outlet
ends of the fluid flow bore. This allows the valve to be removed from service without cutting
as would be required in the case of welded valves. Moreover, the clamping hubs can
accommodate a larger et end to facilitate insertion of the flow control element and the other
trim elements.

Repairable Valve Trim Embodiments

{6321] Tu another aspect, an embodiment of a valve disclosed herein has removable nim
components including a downsirearn seat m which at least a downsiream seat element 1
removable to allow servicing This valve preferably has a removable stem, 2.g., with the
bushing/bracket arrangement as disclosed above, but other ways to provide stem removability,
such as a bolted-on bracket (not inlegral), could also be employed.

[3122] This removable-tnm valve comprises a valve body with an axial fluid flow bore
therethrough, and a spherical flow control element disposed in the flow bore and rotatable
between open and closed positions. A valve stem has a first end in engagerent with the flov
control element for rotation thereof, and removably passes through a stern bore formed through
the valve body. The flnd flow bore comprises & main passage, an inlet end, and an outlet end.
The main passage has a diameter larger than a diameter of the flow conirol element o receive
the How control element, wherein one of the inlet and outlet ends has an nermost dameter
equal (o or larger than the digmeier of the main passage.

[G123] Valve trim comprises a downstream seat and an upstream ssat assembly. The
downsiream seat 13 disposed behween the cutlet end and the flow control element for sealing
between the flow control element and the valve body. The downstream seat comprises a body
seal 1o sealingly engage the valve body and a seat element having a sealing surface to sealingly
engage the tlow control element. The upstream seat assembly, the flow control element, and at
least the downstream seat element are removable from the valve body through one end of the
flow bore, preferably the inlet end.

[3124] The upstream seat assemibly is disposed between the tndet snd and the flow control

element, the upsiream seal assembly comprising a sprng 10 bias an upsiveam seat element
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against the How control element and the flow conirol alement against the downstream seat
slement, wherawy the flow conirol element foats between the upstream and downstrear seat
elements. A retamer is removably aftached to the valve body about the flud flow bore and has
one oF more projections info the flow bore to securs the downsirean seat, the flow control
element, and the upsiream seat assembly in the flow bore and load the spring.

[B128] Preferably, the valve stem extends from the fivst end through the stew bore (o a second
end selectively retained by a bracket spaced laterally from the valve body on a support. More
preferably, the valve bas the stem-bushing-bracket arrangement described sbove, e.¢ . the valve
further comprises a shoulder formed on the stem adjacent the bracket with an enfarged outer
digroeter relative (o a man diameter of the stem, wherein the shoulder supporis g first slide
bearing surface; a shear bushing having a central bore recetving the stemy, wherein the shear
bushing s disposed betwesn the stem shoulder and the bracket, wherein the shear bushing

supports a second slide beanng surface opposing the furst slide bearing swace, wherein the

shear hushing comprises one ot more mirdnum outside duameter portions alternated with one
or more lobes: and a bore formed through the bracket, the bracket bore having one or mors
mnermost diamneter portions corresponding to the one or wore minimum ouiside diameter
portions of the shear bushing and one or more laterally extending openings corresponding to
the one or more lobes of the shear bushing, wherem the cuter diameter of the stem shoulder
and the mininman outside diameter of the shear bushing are fess than the innermuost diameter
of the bracket bore, wherein the one or more fobes extend radiadly beyvond the innermost
diameter of the bracket bore. The shear bushing ¢ rotatable on the siem with respect o the
bracket between an alignment position whergin the one or more lobeg and minimmum diameter
portions of the shear bushing are radially aligned with the one or more fatarally extending
openings and mirmmur outside diameter portions of the bracket bore to pass the siem and shear
bushing axzally through the bracket bore. and a radially offsef postiion wherein the one or more
lohes and minimum diameter portions of the shear bushing are radially offset with respect to
the one or more lateratly extending openings and minimum ouiside diameter portions of the
bracket bore wherein the shear bushing and stern are selectively retained by the bracket.
16126] Preferably, as roentioned above. the innermost diameter of the indet end ts larger than
the innermost diameter of the outlet end. Additionally, the innermost diameter of the outlet end
is preferably smaller than the main flow passage, and the upstream seat assembly, flow control
element, and the downstrearm seat element are removable through the inlet end.

[3127] If desirad, the downstream seat can include a sealing element, which can be a gasket,

to seal with the valve body. Altematively. a metal-to-metal sealing surface can be used.
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[3128] Preferably, at least a portion of the downstream seat can be secured to the valve body,
preferably removably. For example, the downstream seal element can be secured directly to
the valve body, eg., by press-fitting or threading. Altematively, the downstream seat can
comprise an assembly comprising the downstream seat element and a seat land secured 1o the
valve body, whersin the seat land and the downstream seat element are sealingly engaged and
the downstream seat element is compressed between the seat land and the flow control element,
The seat land can be removably or permanently secwred to the valve body where the
downsiream seat element can be separately removed, e g, through the inlet end.

[3129] Preferably, the at least a portion of the downstream seat {such as the seat {and) is press-
fit into an entry bore formed m the outlet end adjacent to the main passage. For example, the
downsiream seat can conprise a tapered press-fit cone inn a correspondingly tapered entry bore
in the outlet end. In any embodiment. the cone can comprise ridges to form a labyrinthine seal.
{61307 Alternatively, the at least a portion of the downsirearn seat can be threadedly received
m an entry bore formed in the outlet end adjacent to the main passage. For example, the
downstream seat can comprise trapezoidal screw threads to connect to the outlet end, eg.,
Acme or trapezoidal metric power threads. If desired, the downstream seat can comprise a flare
fitting threaded into the valve body, e.g., AN or JIC high pressure flare [ittings. Preferably, the
downstream seat cornprises internal notching 1o the flow bore for threaded 1nstallation using a
square bar.

{8131} Other possible threaded configurations for the downstream seat include a double ferrule
tubing connection to seal the downstream seat assernbly to the valve body using a replaceable
angle cut gasket: a lip seal compressed by a threaded exterior. In any threaded downstream seat
embodiment, the downstream seat can comprise an external hex cut profile; either 6 point or
12 point, for instaliation with a standard 6- or 12-point socket.

[0132] In any embodiment, the downstream seat preferably comprises external notches for
instaliation, e.g. with a tool to rotate the downstream seat. and/or to hold the downstream seat
for lapping to a downstream seat land and/or the flow control element.

[3133] Tuo one embodiment of the repairable valve with the removable downstream seat
elernent, the valve is bidirectional. The upstream seat element has a sealing surface to seahingly
engage the flow control element, and the retainer comprises an annular plug having an enlarged
end threadedly engaged in the inlet end of the valve body. Preferablv, a gasket, such as, for
example, a spiral wound gasket, i3 shouldered between the enlarged end of the plug and the

valve body.
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{3134] As for the upstream seat assembly used in the repairable valve with the removable
downstream seat element (preferably with the removable stem), the upstream seat assembly
can comprise a spacer between the spring and the retainer and/or a pre-leading spring between
the spacer and the retainer.

[G135] Preferably. at least a portion of the downstream seat is secured to the valve body, and
the downsirearny seal element has a taper on an outer surface adjacent to the sealing surface. A
cartridge assembly comprises a sleeve around the flow control element and at least a portion
of the upstream seat assembly. The sleeve has a cviindiical profile with an outside diameter
matching or fess than the main passage diameter and comprises radially spaced arms extending
axially from a base at a fust end adjacent the spacer 1o a second end engaging the downstream
seat element.

{8136] Prior to installation of the cartridge, the arms are bendable o a small angle with respect
i a longitudinal axis to hold the flow control element and the upstream seat asserubly 0 an
mstallation configuration, 1.e, separate from the valve. Installation of the cartridge assembly
in the installation configuration through the inlet end of the flow bore causes the second ends
sf the arms to contact the taper, spread the arms apart, and release the flow contro element to
float between the upstream and downstream seat elements.

[{B137) Preferably, the spacer comprises a distal portion having an outside diameter matching
the diameter of the main passage and a proximal portion having a smaller diameter, whersin
the base comprises a ring tightly fitted around the proximal portion of the spacer. The sleeve
can be conveniently formed from rolled metal and the arms are preferably radially spaced apart
on either side of the recess in the flow control element. Alternatively, the base can comprise an
annular disc engaging a distal end of the spacer with the arms radially spaced apart on either
side of the recess in the flow control element.

[6138] A method of assembling the valve just described comprises the steps of installing the
downstream seat into the main passage adjacent the outlet end for sealing engagement with the
valve body; installing the flow control element into the main passage agamst the downstream
seat; installing the upstream seatl assembly into the main passage against the flow control
elervent; and installing the retainer and loading the spring to bias the upstream seat element
against the flow control element and the flow control element against the downstream seat
glement. The downstream seat, the flow conirol element, and the upstream seat assembly can
be sequentially installed through the et end of the flow bore.

{3139] The method preferably comprises securing the downstream seat to the valve body

adjacent the outlet end, e.g., by press-fitting at least a poriion of the downstream seat into an
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entrv bore in the outlet end, threading at least a portion of the downstream seat into an entry
bore in the ouilet end, and so on. Where the downstream seal is threaded, the threading
preferably comprises engaging intemnal notches with a square bar {or rolation and/or engaging
radially spaced extemnal notches with a tool for rotation. Alternatively, the threading can
comprise engaging an external hex profile with a socket (6- or 12-point) for rotation.

[6144] In a preferred embodiment of the method, the valve comprises a hub end connector on
the valve body at the inlet end, and the installation of the retainer comprises clamping a tool to
the inlet hub end connector, wherein the tool comprises a blind cover clamped to the nlet end
with a threaded bore receiving a threaded member having a plate on one end and advancing the
threaded member through the threaded bore to push the retainer with the plate into position in
the inlet end.

{G141] In a cartridge version of the valve, the assembly method uses a valve wherein the
upstream seat assembly further comprises a spacer between the spring and the retainer, wherein
at least a portion of the downstream seat 15 secured to the valve bodv, and wherein the
downstream seat element has a taper on an cuter swrface adjacent fo the sealing surface. The
assembly method further comprises providing a cartridge assembly comprising a sleeve around
the flow control element and at least a portion of the upstream seat assembly. Thesleeve has a
cvlindrical profile with an outside diameter matching or less than the main passage diareter
and comprises radially spaced arms extending axially from a base at a first end adiacent the
spacer to a second end extending beyond the flow control element. The arms are bent {0 asmall
angle with respect to a tongitudinal axis 1o hold the flow control element and the upstrean seat
assembly in an installation configuration. The cartridge assembly in the mstallation
configuration is installed through the inlet end of the flow bore to cause the second ends of the
arms to contact the taper, spread the arms apart, and release the flow control element io float
between the upstreans and downstream seat elements.

[6142] A method of servicing the valve just described comprises the steps oft removing the
retainer; removing the upstream seat assembly from the main passage; removing the flow
control element from the main passage; and removing at feast a seat element of the downstream
seat from the main passage. Preferably. the upstreamn seat assembly, the flow control element,
and the downstream seat are sequentially removed through the inlet end of the flow bore.
13143] Removing at least the downstream seat element can comprise ramoving the downstream
seat {in its entirely } or just the downstream seat element, for example, by unscrewing at least a
portion of the downstream seat from a threaded entry bore in the outlet end. Unscrewing can

be effecied by engaging intemal notches with a square bar, or engaging an external hex profile
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with a socket, for rotation. Alternatively, removing at feast the downstream seat slement can
comprise hammering at feast a press-fit portion of the downsiream seat from an entry bore in
the outlet end.

{6144} In another embodiment. the present invention provides a repairable valve assembly
system, comprising components adaptad to be assembled together into a repairable valve. The
components comprise a valve body with an axial fhid flow bore therethrough, wherein the
Huid flow bore comprises a main passage. an indet end, and an ocutlet end.

[3845] A downstream seat 15 adapied to be insertad info the roain passage through the inlet end
andd at least a portion of the downstrean: seat sealingly secured to the valve body adiacent the
outlet end. The downstream seat comprises a seat element having a sealing surface to sealingly
engage a tlow control element and a tapered outer surface adjacent the sealing surface. At least
the downstream seat element is removable from the valve body through the inlet end. A
cariridge assembly is adapted to be inseried info the main passage through the inlet end.
[6146] The cartridge asserobly comprises the flow control element, an upstream seat assembly.
and a sleeve. The flow conirol element has a diameter less than the diameter of the main
passage. The upstreant seat assembly comprises an upstream seat element having a surface to
engage the flow control element, an anmular spacer having an owtside diameter larger than the
flow control element, and a spring disposed between the spacer and the upstrearn seat element.
The sleeve recaives the flow control element and at least a portion of the spacer, and comprises
radially spaced arms extending axially from a base at a first end adjacent the spacer to a second
end extending bevond the flow control element. The arms are positioned at a small angle with
respect 1o a longitudinal axis 1o hold the flow control element in engagement with the upstream
seat element, the upsiream seat element in engagement with the spring, and the spring in
engagement with the spacer in an installation configuration. The second ends of the arms are
arranged to have a diameter at least as large as an inside diarseier of the taper on the
downstream seat element, but smaller than an outside diameter of the taper. so that installation
of the cartridge assemblv in the installation configuration through the inlet end of the flow bore
causes the second ends of the arms to contact the taper, spread the arms apart, and release the
flow control element to Joat between the upstream and downstream seat clernents.

16147] Finallv, a retaining ring or other retainer is adapied o be removably attached to the
valve body about the fhud flow bore and has one or more projections info the flow bore to
secure the downstream seat, the flow control element, and the upsirear seat assernbly 1w the

flow bore, and load the spring.
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{3148] Preferably, in this system, the spacer comprises a distal portion having an outside
diameter matching the diameter of the main passage and a proximal portion having a smaller
diameter, wherem the base comprises a ring tightly fitted around the proximal portion of the
spacer. The sleeve is conveniently formed from rolled metal and the arms are radiallv spaced
apart on either side of the recess in the flow control element. Alternatively, the base comprises
an anrdar dise engaging a disial end of the spacer and the arms are radially spaced apart on
either side of the recess in the flow conirol element.

[3149] In any embodiment of the svstem. the downstream seat comprises an assembly
comprising the downsiream seat element and a seat land adapted to be secured to the valve
body, wherein the seat land and the downsiream seat element are adapted for seahing
engagement and compression of the downsiream seat element between the seat land and the
flow control element. Preferably, an entry bore is formed in the outlet end of the valve body
adjacent 1o the main passage, and the seat land 1s adapied 1o be press-fit into the eniry bore.
16156] Tn any embodiment of the system, a tapered entry bore is formed in the outlet end of
the valve body adjacent to the main passage, wherein the downstream seat comprises a
correspondingly tapered cone adapted to be press-fit in the entry bore, for example a machine
taper such as a Morse taper. If desired, the cone comprises ridges adapted to form a labyrinthine
seal.

[6151] Altemnatively, a threaded entry bore formed in the outlet end of the valve body adjacent
1o the main passage, wherein at least a portion of the downstream seat is adapted 1o be
threadedly received n the eniry bore. For example, the downstream seal can coroprise
trapezoidal screw threads such as Acme or metric power threads. The downstream seat can
comprise a flare fitting adapted to be threaded mto the entry bore, e.g., AN or JIC high pressure
flare fittings. Where the downstream seat comprises threads, it i3 desirably provided with
miernal notching for instailation with a square bar.

{3152] The repairable valve assembly svstem preferably includes a valve stem having a first
end adapied io engage the flow conirol alement for rotation thereof, the stem adapted fo extend
froms the first end through a stem bore in the valve body {0 a second end away from the valve
bady, wherein the valve sten is selectively retainable 1o or rersovable fromt the stem bore. For
gxaraple, the valve stem can be selectively retainable by a bracket spaced laterally from the
valve bodv on a support. The bracket can ba removable from the valve body, e.g.. by bolting.
ot the bracket can be integral with the valve body where a shear bushing rotalable on the stem

can have a non-circular profile matching a profile of a hracket bore,
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{¢153] If desired, the system components can further include a removable valve stem having a
first end adapted 1o engage the How control element for rotation thereof, the sten adapted to
extend from the first end through a stem bore n the valve body (o & second end adjacent 1o the
bracket, preferablv wherein the bracket is mtegral with the valve body. A shoulder s formed
on the stem adjacant the bracket with an enlarged outer diamster relative 1o a main diameter of
the stern, wherein the shoolder supports a first shide bearing surface. A shear bushing has a
central bore receiving the stem, wherein the shear bushing is adapted to be disposed beatween
the stem shoulder and the bracket, wherein the shear bushing supports a second shide beaning
surface opposing the fust slide bearing surface.

[3154] The shear bushing has one or more nunimum ouiside diameter portions alternated with
one of more lobes. A bore formed through the bracket has one or more innermest diarmster
portions corresponding to the one of more minimun outside diameter portions of the shear
bushing and one or more laterally extending openings corresponding to the one or more Iobes
of the shear bushing The oumer diameter of the stern shoulder and the minimum outside
diameter of the shear bushing are less than the innermost diameter of the bracket bore, whergas
the one or more lobes extend radially beyvond the innermost diameter of the bracket bore. The
shear bushing ie rotatable on the stem with regpect to the bracket between an alignment position
wherein the one or more lobes and nuniroum diameter portions of the shear hushing are radially
alignad with the one or more laterally extending openings and minimom ouiside diameter
portions of the bracket bore adapted o pass the stem and shear bushing adally through the
bracket bore, and a radially offset posiiion wherein the one or more lobes and minimoum
diameter portions of the shear bushing are radially offset with respect 1o the one or more
laterally extending openings and minimum outside diameter portions of the bracket bore
wherein the shear bushing and stern are adapted 1o be selectively retmned by the bracket.
[155] The system preferably comprises digmeitically opposed pairs of the mimmum diameier
portions and the lobes of the shear bushing, more preferably wherein the shear bushing and the
bracket bore have matching profiles, e g, butterfly, dogbone, square, rectangular, and so on. if
desired, a threaded wmember 13 adapted o extend through a retention bore w the bracket into at
least one of the one or mmore Jobes of the shear bustung to retain the shear hushing in the radially
oifset position.

13156] Preferably, the bracket and support define an open access area batween the bracket and
the valve bodv. The system preferably further comprises: a packing bore formed i the valve
body coaxial with the stem bore; one or more packing rings adapted to be disposed about the

ster in the packing bore to form a seal between the stem and the valve body; a packing gland
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adapted to be postiioned around the siem to load the packing rings; a gland flange in the open
access area adapied o be secured to the valve body around the siew to lead the packing gland,
and preferably one or more live leading springs adapted to be disposed between the gland
flange and the packing gland.

[G1587] Since the stem is removable in this system, the shear bushing and the packing rings can
be contiguous, even when replaced during n line servicing,

16158] Preferably, the valve body in this system comprises clamping hubs at the inlet and outlet
ends of the fluid flow bore.

[8159] A method of assembling a repairable valve from the components of the svstem just
described, can comprise the steps of: installing the downstream seat through the inlet end and
secwring at least a portion of the downstream seat in sealing engagement with the valve body;
inserting the cartridge assembly through the inlet end and into the main passage until the arms
contact the laper of the downsiream seat elernent: advancing the cartridge assembly o spread
the arms apart and release the flow control element and the upstream seat element; and
installing the retainer through the inlet end to load the spring and bias the upstream seat element
against the flow control element and the flow coniroi element against the downstream seat
element.

[06168] The spacer preferably comprises a distal portion having an outside diameter matching
the diameter of the main passage and a proximal portion having a smaller diameter, and the
base comprises aring. The assembly method can Rurther comprise tightly fitting the ring around
the proximal portion of the spacer. I desired, the sleeve can be formed from rolled metal and
the arms radially spaced apart on either side of the recess in the flow control element.

10161 Alternatively, the base can comprise an annular disc, wherein the method comprises
engaging a distal end of the spacer with the annular disc, and radially spacing the arms apart
on either side of the recess in the flow control element.

{3162} In anv embodiment, the downsiream seat can comprise an assembly comprising the
downsiream szat element and a seat land. The method of assembly can fimther comprise
securing the seat 1and to the valve body, sealingly engaging the seat tand and the downsiream
seat element and compressing the downsiream seat element between the seat land and the flow
control element. This method can preferably further comprise forming an entry bore m the
owtlet end of the valve body adjacent to the main passage, and press-fitting the seat land into
the entry bore.

[3163] Altematively, a tapered entry bore can be formed in the outlet end of the valve body

adjacent 1o the main passage. and the downstream seat comprises a correspondingly tapered
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cone that is press-fit in the entry bore. The cone preferably comprises ridges and the method
mvolves forming a labyrinthine seal,

[3164] As a further alternative. the assembly method can comprise formaing a threaded entry
bore in the outlet end of the valve body adjacent to the main passage. and threadedly receiving
at feast a portion of the downstream seat in the entry bore. In an embodiment, the downstream
seat preferably comprises trapezoidal screw threads,

16165] In another embodiment, the downstream seat preferably comprises a flare fitting and
the assembly method further comprises threading the flare fitting into the eniry bore.

[3166] In any embodiment, the downstream seal comprises internal notching, and the method
further comprises instaliing the downstream seat with a square bar.

[8167] In any embodiment of the assembly method for the system of components, the valve
preferably comprises a valve siem having first and second ends, and the method further
comprises forming a stem bore through the valve body, engaging the flow control element with
the first end of the valve stern for votation of the flow conrol element, extending the valve stem
from the first end through the stem borg to a second end away from the valve body. and
selectively retaining or removing the valve stem i or from the stem bore.

[3168] The valve stem is preferably selectively retainable by a bracket spaced laterally from
the valve body on a support The bracket s preferably integral with the vaive body. The
assembly method preferably further comprises: forming a shoulder on the siem adjacent the
bracket with an enfarged outer diameter relative 1o a main diameter of the sfemy; supporiing a
first shide bearing surface on the shoulder; receiving the siem in a ceniral bore of a shear
hushing; disposing the shear bushing between the stem shoulder and the bracket: supporting a
second slide bearing swrface on the shear bushing opposing the first shide bearing surfuce:
alternating one or more minimum ouiside diameter portions of the shear bushing with one or
more Jobes: and formung a bore through the bracket, wherein the bracket bore has one or more
wnermost diameter poriions corresponding 10 the one or morg nunimum oulside diameier
poriions of the shear bushing and one or more laterally extending openings corresponding to
the one or roore lobes of the shear bushing,

16169] Preferably, the outer diameter of the stem shoulder and the mininurn cutside diameter
of the shear bushing are less than the innermost diameter of the bracket bore. and the one or
more lobes extand radially bevond the innermost diamseter of the bracket bove. The mathod can
further comprise rotating the shear bushing on the stemy with respect to the bracket to an
alignmient position wherein the one or nwre fobes and muninmuun dimneter portions of the shear

bushing are radiaily aligned with the one or more laterally extending openings and mininwm
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ceside dizmeter portions of the bracket bore, and passing the steny and shear bushing axialls
through the bracket bore. The rwethod can also comprise rotating the shear bushing on the stew
with respect io the bracket to a radiglly offset position wherein the ong o more lobes and
mininwin diameter portions of the shear bushing are radially offset with respect to the one or
more laterally extending openings and minimum outside diameter portions of the bracket borg,
and retamning the shear bushing and stom with the bracket.

16170] The valve preferably comprises diametrically opposed pairs of the minivnim diameter
poriions and the lobes of the shear bushing For example, the shear bushing and the bracket
bore can have matching profiles, e.g., butterfly, dogbone, square, rectanguiar, and so on
Preferably, a threaded merober is extended through a retention bore n the bracke! into at least
one of the one o more lobes of the shear bushing 10 retain the shear bushing in the radially
offset position.

{6171} Tn any embodiment of the assembly method, the bracket and support can define an open
access area between the bragket and the valve body, and the method can further comprise
forming a packing bore tn the valve body coaxial with the stem bore! disposing one or more
packing rings about the stem in the packing bore to form a seal between the stem and the valve
body; posttioning a packing gland arcund the stem o load the packing rings: securing a gland
flange n the open access area 1o the valve body around the stem 1o Joad the packing gland; and
preferably disposing one or more live loading springs between the gland {lange and the packing
eland. In this embodiment, the shear bushing and the packing rings are preferably contiguous,
even where the bracket and valve body are integral and/or where they are replaced in-line.
{3172] In any embodiment of the assembly method. the valve body can comprise clamping
hubs at the inlet and outlet ends of the fluid flow bore, e.g., to facilitate insertion and/or removal
of the valve in the piping without welding or cutting.

[B173] A further method can comprise disassembling the repairable valve assembled from the
components of the system just described. The disassembly method can comprise the steps of
removing the retainer through the infet end; removing the sleeve, spacer, upsiream seat element
and flow control element through the inlet end; and removing the downstream seat element
through the indet end.

16174] With reference 1o the drawmmg figures in which like parts are designated bv like
munerals, FIG. 1 is a cross-sectional elevation of a repairable valve 104 according to an
embodiment of the mvention. The valve 100 has a preferably single piece valve bodv 102, a
flow bore 104, that is generally axially oriented for the passage of fluid, receiving a flow control

element 106, and a valve stem 108 engaging the flow control element for rotation of a flow
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control bore 107 therethrough between open and closed positions aligned with the flow bore
104 and transverse 1o the flow bore, respectively.

[B175] An upper portion 148 of the valve 100 comprises a bracket 130 fixedly supported, and
spaced laterally, from the valve body 102, e. g.. on a support 152, which often defines an open
access area 154 between the bracket and the valve body. Often, bracket 150 is provided with
bores 155 and/or bolts 155A for aftaching an actuator {not shown) to operate the valve stem
108 (see FIG. 2} Preferably, the bracket 150 including support 152 with legs 15ZA, 152B is
formed integral with the valve body 102, e.g., by forging the bracket 150 and valve body 102
together as or into a single piece.

[8176] The valve stem 108 has a first end 160 received in a central bore 193 of a shear bushing
186 adjacent the bracket 150. The central bore 193 is aligned with the stem opening 162 formed
in the bracket 150 and stem bore 158 formed in the valve body 102 coaxially receiving the
vatve sters 108, The valve stem 108 is rotatably received in the stem bore 158 and extends to
a lower second end 156 with a tang 157 engaging the flow control element 106, For example,
the tang 157 can have a non-circular cross-section, .., rectangular, that 15 received in a
matching slot or recess 164 formed in the flow control element 106.

{31771 A packing gland 166 is often postioned around the valve stem 108 in the open access
area 154 to load a plurality of packing rings 168 in a packing bore 170 in the valve body 102
coaxial with the stem bore 158, which may include metal anti-exirusion rings 172 above and
below the packing rings. A gland flange 174 1s often secured in the open access area 154 to the
valve bodyv 102 with studs 176 and nuts 178 around the stem 108 1o load the packing rings 168
via one or more live loading springs 180, which mav comprise disc springs 180A, 1808 stacked
in serigs. The packing rings 168 are preferably contiguous since the valve stem 108 can be
removed for their instaltation as discussed below,

[0178] The valve stem 108 has a stem shoulder 182, with an enlarged outer diameter relative
10 a main stem diameter 183, in the open access area 154 adjacent to the bracket 150 which
often supports a first bearing surface 184. The outer diameter of the stem shoulder 182 is less
than a miner wnside diameter (1D 194a (FIG. 3) of the stem opening 162 in bracket 150 so that
the valve stem 108 can be passed axially through stem opening 162,

{61791 Referring back to FIG. 1, the shear bushing 186 is preferably contiguous and is disposed
hetwesn the stem shoulder 182 and the bracket 150. Shear bushing 186 often supports a second
slide bearing surface 188 opposing the first slide bearing surface 184, As best seen in FIG. 2,
the shear bushing 186 has a bushing profile 187 with a minor outside diameter (OD) 190a and

one or more minor O portions 190 alternated with one or more lobes 192 extending laterally
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to a major OD 192a, preferably a pair of diametrically opposed minor OP portions 190 and a
pair of diametrically opposed lobes 192, The minor OD portions 190 correspond with minor
1D portions 191 of the stern opening 162 (see FIG.3), and match or are smaller than the nunor
ID portions 191 to allow axial passage. The major OD of the lobes 192 are larger to be
selectively retained by the bracket 150. Similarly, the shear bushing 186 has a central bore 193
that matches the siem diameter 183 to slidably, rotatably receive the first end 160 of the stem
108, but smaller than the shoulder 182 so as to be retained thereon.

[3180] As best seen in FIG. 3, the stem opening 162 has an opening profile 163 shown in
alignment with bushing profile 187 in a stem release position 165, with aminor mnside diameter
{ID) 1945 larger than the minor O, a rogjor 13 194D larger than the mgior 0D, one or more
nuetor D portions 195z along the miner 1 altemated with one or more magor ID portions 195b
along the major ID, and one or more opening passages 194 extending radially. i, Iaterally or
outwardly, from the minor 1D to the major 1D or more opening passages 194 extending
laterally. e, radwally outwardly, from minor 1D 1942 o a major 1D 194b and matching the
lobes 192 to pass the shear bushing 186 and the valve stem 108 axially through when the lobes
192 of the shear bushing 186 are radially aligned with the opening passages 194 of the stem
opening 162, e.g., for installation and removal of the valve stem 108,

[3181] For example, the bushing profile 187 and the opeming profile 163 may often comprise
diameairically opposed pairs of the minor 0D portions 190, the lobes 192, the minor ID poriions
1954, and the opening passages 194, wherein the lobes are smaller than the opening passages,
such as the matching butterfly profiles shown in FIGs. 2-4.

{31821 However, the valve stem 108 is retained by the bracket 150 when the bushing profile
187 is offset from the opening profile 163 such that lobes 192 of the shear bushing 186 are
radially offset from the matching opening passages 194 of the stem opening 162, in a stem
reteniion position 167, as besi seen in FiGs. 1 and 4, wherein the bushing 186 s engaged
between the bracket 150 and the stem shoulder 182. The bushing 146 is rotatable through 360
degrees in a countersunk bore 189 on the underside of the bracket 150, which often has the ID
of major 1D 194b.

[6183] Further, a bushing retention member 196, which may be an elongated screw, boli, pin,
padlock, etc., preferably extends through first retaining bore 197A formed in the bracket 150
and preferably into a corresponding second retaining bore 197B formead in one of the fobes 192
of the shear bushing 186 1o retain the shear bushing in the radially offset position 167, as best
seent in FiGs. 1 and 4. The fust retaining bore 197A is preferably countersunk to receive any

head of the bushing retention member 196, and the bushing retention member and retaining
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bore 197A and/or 1978 may be threaded. Thus, the valve stem 108 can be removed while the
valve 100 is in line, but is prevented from blowing out in service by radially offsetting the shear
bushing 186 in the stern retention position 167, and the shear bushing 186 is preferably
prevented from inadvertent rotation 1o the stem release position by engaging the bushing
retention member 196,

[6184] As best seen n FIG. 1, if desired, the valve body 102 can be provided with end
connections 198, 200 adapted for welding (not shown), but preferably comprising flanges
adapted for bolting (not showny or more preferably clamping hubs 202, 204 for clamping to
similar adjoining clamping hubs of a pipe or filting, which allow the valve 100 to be removed
from process piping without cutiing. Convections fo upstream pipe 206 with clamp 208 and
downstream pipe 210 with clamp 212 are shown in FIG. 3.

[6185] With the arrangament of FIGs. 1-4, it is not necessary {o install valve stem 108 before
justalling the flow control element 106 and other trim 117, This provides flexability 1n the
manner of installation of the flow control element 106 and the trum 117, for example, as
discussed in more detail below. Moreover, since valve stem 108 can be removed while the
valve 100 remains in line, the packing rings 168 and/or shear bushing 186 can be replaced, e.g.,
with contiguous packing rings and a contiguous shear bushing.

[3186] The arrangement of valve stem 108 and shear bushing 186 for selective retention and
release of the valve stem 108 is illustrated in FIGs. 1-4 and in the following figures m a
preferred embodiment wherein the flow conirol element 106 floats between downstream seat
110 and spring-driven upsiream seat 112, and wherein the valve triva 117 is inserted through
one end of the flow bore 104, preferably an inlet bore 116 in a preferably single piece valve
body 102, by way of example and not limiutation. While the following discussion herein is
directed to {loating ball valve embodimenis in a single piece valve, the skilled artisan will
appreciate the valve stem 108 and shear bushing 186 arrangernent of FIGs. 1-4 can be suttably
used with any of the other valves shown in FIGs. 5-20, and any combination and pernwutation
of the parts and components thereof, as well as any other rotary valve.

[6187] The flow bore 104 shown in FIG. 1 preferably comprises a main bore 114 located
cenirally in the valve body 102 between an inlet end or bore 116 and an outlet end or bore 18,
The main bore 114 has an 1D larger than an OD of the flow control element 106 or is otherwise
sufficiently large to receive the flow control element. The outlet bore 118 has an ID less than
the main bore 114 and preferably less than an OD of the downstream seat 110 and less than the
OD of the flow control element 106 to facilitate retention in the flow bore; and the inlet bore

116 preferably has an ID equal to or larger than the main bore 114, This arrangement allows
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the elements 106, 110, 112 of the valve trim 117 to be inserted into the main bore 114 from the
inlet bore 116 and to be retained by the valve body 102 against the outlet bore 118,

[0188] The downstrearn seat 110 15 disposed in the main bore 114 between the outlet bore 118
and the flow control element 106 to form a primary body seal between the flow control element
and the valve bodv 102, For example, the downstream seat 110 can comprise an assembly of a
removable, amular downstream seat body 120 and a downsitrearn sealing element 122
illustrated as a gasket, as shown in FIG. 1. The seat body 120 has a spherical sealing surface
124 lapped to sealingly engage the flow conirol element 106, an attachment end 126 received
in cylindrical entry bore 128 formed in the valve body 102 adjacent 10 the outlet bore 118, and
a seat shoulder 128 loading the gasket 122 aganst an annular surface 130 of the valve body
102

[6189] The upstream seat assembly 112 is preferably a pusher seat disposed in the main bore
1 14 between the flow conirol element 106 and a relainer 132 having an annualar structure, which
may be a refaimng ring received i groove 134 as shown, or a threaded member 408 {(FIG. 12)
For example, the upsircam seat assembly 112 can comprise a seat spring 136, annular spacer
138, and an upstream seat element 140,

[3198] The seat spring 136 is often disposed between the annular spacer 138 and the seat
element 140. The seat spring 136 15 preferably a disc spring or may be a phurality of disc spring
elements 136A, 136B that are alternatingly stacked for the desired spring constant and amount
of deflection.

[6193] The seat elernent 140 has an inner upstream spherical engagement surface 142 o
contact the flow control element 106 and an outer annular upstream engagement surface 144
in contact with the seat spring 136.

{31927 The anndlar spacer 138 s in turn disposed between the retainer 132 and the seat spring
136, The annular spacer 138 can have an entry gper 138A for fuid fow transiion from the
inlet flow bore 116 1o a flow bore 140 through the flow control element 106, and an acute exit
taper 138B to facilitate centering of the spring element 136B, which can have a diameter less
than an 0D of the upstrean seat assembly 112,

{6193} The retainer 132 thus urges the annular spacer 138 against the seat spring 136, which
loads the seat element 140 against the flow conirol element 106, the flow conirol element 106
against the seat body 120, and the seat body 12( against the gasket 122, to form the seal
between the flow control element 106 and the valve body 102,

[8194] body 120body 120body 120body 120FIGs. 3-6 show an embodiment of a repairable

valve 300, preferably comprising the upper valve portion 148 from FIG. 1, wherein the flow
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control element 106 and upstream seat assembly 302 can be installed as a cartridge assembly
304. The valve comprises a spherical flow control element 106 with a flow control bore 107
therethrough {see FIGs. | and 8), a valve stem (108} to engage the flow control efement, and a
valve body 102 comprising a flow bore 104 to rotatably receive the flow control element and
a stem bore 158 to rotatably receive the valve stem. The flow bore comprises a main bore (114),
an fulet bore (116}, and an outlet bore (118).

{61951 A downstream seat {110} comprises a seat body (120) for sealing engagement with the
valve body 102 adjacent the outlet bore 118, The seat bodv has a sealing surface 124 (FIG. 1)
to sealingly engage the flow control element 106 and an outwardly tapered surface (330)
adjacent the downstream seat element 106, An upsiream seat asserobly (302) comprises an
upstream seat element (140} to engage the flow control element. a seat spring {136) to bias the
upstream seat element, and an annular spacer (138) following the seat spring 136.

[6196] The cartridge assembly 304 s insertable mio the infet bore 116 and comprises a sleeve
306, best seen in FIG. 6, engaging the annular spacer 138 and the flow control element 106 to
hold the upstream seat element 140 and the seat spring 136 between the annular spacer and the
flow control element for insertion into the flow bore 104. The sleeve 306 has aleading end 376
to engage the outwardly tapered surface 330 {o expand the sleeve 306 and release the flow
control element 104 to float between the upstream seat element 140 and the downsiream seat
body 120.

{8197} A retainer 132 having an anmular structure is provided for removable attachment in the
inlet bore 1o secure the cariridge 304 in the flow bore 104 and load the seat spring 136,

{31981 As installed, the sleeve 306 has a cvlindrical profile with an OD adjacent an 1D of the
main bore 114, i.e, matching the ID so that it has the same or slightly smaller diameter. The
sleeve 306 comprises a phurality of arms 308, preferably opposing arms 308 {e.g., diametrically
opposed), extending avially from a base 310, which may comprise an anndlar dise 312
engaging a trailing end 139 of the spacer 138. In the embodiment seen in FIGs. 5-6, the disc
312 and arms 308 have an OD larger than, and the arms have an ID matching OD’s of the
spacer 138and seat clement 140, Preferably, the arms 308 are radially spaced apart 1o permit
the fower end 150 of the valve stem 108 and tang 157 to access and engage the recess 164 of
the flow control element 106, If desired, the arms 308 mayv be provided with central cutout
portions 309

[0199] If desired, the cartridge assernbly 304 may be used with a pre-loading spring 316,

preferably between the cartridge 304 and the retainer 132, as shown mn FIG. 5. The cartridge
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assembly 304 and the pre-foading spring 316, if present, can be retained in the flow bore 104
by retainer {retaining ring} 132 in groove 134,

[{0200] The cartridge assembly 304 can be installed by spreading apart the armas 308 as shown
n F1G. 6, inserting the annular spacer 138, seat spring 136, upsiream seat element 140, and
flow control element 104, and squeezing them together, as described below in more detail in
connection with FIGs. 7-10. To assemble the cartridge assernbly 304 prior (o installation, the
arms 308 are spread ouwtward if needed in a neutral position with a generally cvlindrical profile
1o receive the upstream seat assembly 302 and flow control element 106, and then squeezed
together in a small-angle frustoconical profile to hold the upstream seat assembly 302 and flow
control element 106, which preferably has a smaller diameter than the mam flow bore 114, for
instaliation.

[6201] The downsiream seat body 120 has an outwardly tapered surface 330 tapering
outwardly, from a proximal end of the seat body 120 adjacent to the sealing surface 124 (¢f
FIG 1), to a shoulder 332 formed at an enlarged diameter portion 334, After assembly of the
cartridge assembly 304, 1t 1s inserted in the indet flow bore 116 until the ends of the arms 308
engage the outwardly tapered surface 330. Further advancement of the cartridge assembly
304on the outwardly tapered surface 330 spreads the arms 308 apart uniil the flow control
element 106 engages the downstream seat body 120 and now floats between the upsiream seat
element 140 and downstream seat body 120. If desirad, the arms 308 can abut shoulder 332 for
proper axial alignment of the sleeve 306, or there can be a space beiween the arms 308 and
shoulder 332 to account for differential thermal expansion.

{32021 In an embodiment seen in FIGs. 7-11, the repairable valve 340 uses trim 350 that 1s
similar to tim 301 in the valve 300 of FIGs. 5-6 except that the sleeve 352 in the cartridge
assembly 353 has a base 354 comprising aving 356, as best seen in FIG. 8, that tightly engages
leading end 360 of spacer 362; and except that downsiream seat body 380 has a an attachment
end 381 comprising a machine tapered cone for fornung an interference fitin a correspondingly
machine tapered entry bore 384 for releasably securing the downstream seat body 334 to the
valve body 382

{62031 The sleeve 352 can be conveniently formed from rolled sheet metal such that arms 358
are spaced radiallv apart to acconwmodate engagement of the tang 157 of valve stem 108 in the
recass 164 on the flow control element 106. A distal end of the spacer 362 has an enlarged
ouiside diameter relative o proximal end 360 that is at least equal to an outside diameter of
sleave 352, or preferably slightly larger, forming a shoulder 366, Preferably, the distal end 364

of the sleeve 352 abuts shoulder 366.
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[0204] The downstream seat element 380 has a proximal spherical sealing surface 124 (see
FIG. 8) lapped to sealingly engage the flow control element 106, an outwardly tapered surface
330. and a cylindrical surface 383 between the distal end of outwardly tapered surface 330 and
shoulder 332 at enlarged diameter portion 334, If desired, the downstream seat element 380
can be provided with external notches 386 to facilitate lapping to the flow control element 106.
[6265] The downstream seat clement 380 comprices tapered press-fit cone 381 in
correspondingly tapered entrv bore 384 1o the outlet end 118 of the valve body 382, Press-fit
cone 381 and entry bore 384 preferably comprise a Morse taper for sealing engagement. The
downsiream seat element 380 is inserted by driving the cone 381 into the entry bore 384, Where
the downstream seat element 380 has a smaller inside diameter than the outlet flow bore 118,
the seat element 380 can be removed {after removal of the other trim 37 components) by
hammering the press-fit cone 381 through the owtlet end 118

{62061 With reference to the embodiment of FIGs. 7-11, prior 1o installation, the cartridge
asserobly 368 has an installation configuration 370 as shown 1o FI1G. 9 in which the arms 358
are at a small angle with respect to a longitudinal axis 372 to engage and hold the flow control
element 106, which has a relativelv smaller outside diameter than the spacer 362, and the
upstreant seat assembly 374, in which the upstream seat elewent 140 and spring 136 have a
profile with a gradually increasing outside diameter complementing the small angle of the
arms. The arms 358 thus serve to hold the flow control element 106, the seat element 140, the
spring 136 comprising spring elements 136A, 1368, and the spacer 362 in refative position and
aligned for insertion through the inlet flow bore 116 unti] the leading ends 376 of the arms 358
engage the outwardly tapered surface 33
FiG. 10.

0 of the downstream seat body 120, as best seen in

{3207} Then, with continued advancement of the cartridge assembly 368 againsi the outwardly
tapered surface 330, the armas 338 are spread apari to form a gap 378, release the fow control
element 106 and allow it to float between the downstream and upstream seat glements 120,
140, as seenin FIG. 9. Preferablv, the downstream seat body 120 has an enlarged outer diameter
380 at a distal end of the outwardly tapered surface 330 against which the arms 358 can
shoulder as the flow control elernent 106 engages the sealing surface 124,

[0208] Finally, following insertion of the cartridge assembly 3684, the pre-loading spring 316
and retainer 134 are installed in the inlet bore 116. Then the stem 108 and topworks 14& can
be assembled as described above.

[6209] The embodiment shown in FIG. 12 15 a bidirectional valve 400 in which the upper valve

portion 148 and end connections 198, 200 are preferably identical or similar to those in FIG.
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I. Flow control element 106 1¢ spherical with a flow control bore 107 formed therethrough.
Valve body 416 18 a sivgle plece valve body compnising a How bore 104 votatably receiving
the flow controd element 106, The flow bore 114 compnises a cendral How bore 415 and first
and second end bores 417, 412, The central bore 415 has an inside diameter (1) larger than an
1D of the first end bore 417 and smaller than an 1D of the second end bore 419

{62107 A first (normally downstream) seat 418 15 provided adjacent the first end bore 417 for
sealing engagement between the flow comrol slement 106 and the valve body 416, The first
seat 41% comprises a first seat body 420 comprising a first sealing surface 421 for sealingly
engaging the flow control element 106 and an attachment end 422 releasably secured to the
valve bodv 416, e.g, via threaded engagement in the entry bore 423, The first seat body 420
can be provided with an external polygonal cut {(e.g., ¢ poirt or 12 point hex cut) profile 428
for threading the seat element into the valve body 416 using a socket wrench.

[6213] The attachment end 422 can be formed, e g., as a flare fitting such as a 37-degree fitting
conformung to AN {Air Force — Navy Aeronautical Design Standards) or HC (Joint Industries
Council) such as SAE JS14/1S0-8434-2.

[3212] Alternatively, the first seat 418 could comprise any of the downstream seat elemenis
and/or assemiblies described herein in connection with FIGs. 1, 7, or 13-19. For example, the
tirst seat body 420 can cornprise internal notching 660 (FIG. 4) for installation with a square
bar inserted o the second end bore 412, preferably (A} wherein the attachmeni end 422
comprises traperzoidal screw threads 602, wherein the first seat body 420 comprises a flanged
section 606 adjacent the attachment end 420 and a gasket 608 compressed between the flanged
section and an annular swrface 614 of the valve body 416 adjacent the first end bore, or (B)
wherein the attachment end section and the valve body comprise a flare fitting profile 630 (FIG.
£5).

[#213] The first seat body 420 preferably comprises a threaded eclement 425A threadedly
received in enfry bore 423 and having an external polvgonal cut profile 428, preferably a hex
cut profile, for installation with a socket inserted through the second end bore 412, More
preferably, the entry bore comprises a threaded section 423A adjacent the central bore 418
receiving the threaded element 4254, a cvlindrical section 423C adjacent art 1D of the furst end
bore 417 receiving a cvlindrical element 425C of the first seat body, and a tapered section 4238
hetwesn the threaded section and the cvlindrical section engaging a tapered slement 4258 of
the first seat. the first seat body s preferably a cingle piece comprising the threaded clement
425A, the external polygonal cut profile 428, and the tapered element 423B between the

cylindrical element 425C and the threaded element, more preferably wheretn the seat body 420
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and the entry bore 423 comprige respective male and female flare fitting profiles 6504, 650B
{FIG. 15).

[0214] A second {(normally upstrear) seat 402 has a second seat body 404 having an upstream
sealing surface 405 lapped 10 sealingly engage the flow control element 106, A seat spring 406
biases the upstream seat element against the flow controf element 106, and the flow control
element 106 floats betwveen the fust seat 418 and the second seat 402,

[6215] The valve 400 further comprises an annular plug 408& in sealing engagement with the
valve body 416, The annular plug 408 has an outer end 410 opposite the seat spring 406 with
a relatively enfarged OD that is threadedly engaged in similarly enlarged second end 412, A
relatively reduced OD end 411 of the plug 408 extends into the central Jow bore 415 {0 engage
and load the seat spring 406 and secure the upsiream seat assembly 402, the flow control
element 106, and the downsirean seat 415, in the main How bore 114, A gasket 414, preferably
spiral wound, is shouldered between the enlarged end 410 of the plug 408 and the valve body
416, e.g., between opposing shoulders 432, 434 between the second end and central bores 412,
415 of the flow bore 114 and between outside diameters of the inner and outer ends 411, 410
of the annular plug 408.

[8216] A seat land 430 15 provided between the second seat body 404 and the innerend 411 of
the anoular plug 408 for sealingly engaging the second seat body 404 and the mner end 411 of
the plug 408. For normal direction seating, when a fluid pressure is higher in the second end
bore 412 relaiive to the first end bore 417, the inner end 411 loads the seat spring 406 against
the second seat body 404 1o urge the fow control element 106 fo sealingly engage the first
sealing surface 421, However, for reverse direction seating, when fluid pressure is higher in
the first end bore 417 relative to the second end bore 412, the seat spring 406 is compressed,
and the seat land 430 1s sealingly engaged o form aseal between the second seat body 404 and
the moner end 411 of the aonular plug 408. The seat land 430 15 preferably formed on the inoer
end 411 of the plug 408 around the spring 406 with a seat land height that exceads the solid
height (fully compressed) of the seat spring 406.

[6217] FIG. 13 shows a downstream seat body 530 similar to the downstream seat body 380
of FIG. 7 except that the seat body 530 18 provided with ridges 552 on the cone 554 to form a
{abyrinthine seal. Where the seat element 550 is provided with a taper adjacent the sealing
surface 124 (cf FIG 1), the optional cartridge assembly (not shown) can then be inserted as
described above m connection with FIGs. 5-11. The downstream seat element 550 can be
removed {after removal of the other trim components) by hammering the press-fit cone 554

through the outlet bore 118
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{0218} FIG. 14 shows a downstream seat body 600 with an attachment end 601 comprising a
threaded elernent 602 with trapezoidal screw threads such as ACME power screw threads
engaged with sioular threads formed in an entry bore 604, The assembly 600 has a flanged
section 606 adjacent the outiet flow bore 114 that compresses a gasket 608 to form a body seal.
The assembly 600 can be inserted and removed by rotation using a square bar inserted through
the inlet bore 116 (FIG. 1) where the assembly 600 15 provided with internal notching 660 {see
F1G. 14 below). Where the seat assembly 600 is provided with a taper 610 adjacent the sealing
surface 124 {cf. FIG. I}, the optional cartridge assembly 612 can then be inserted as described
above in connection with FIGs. 5-11. The downstream seat assembly 600 can be removed (afler
removal of the components of the cartndge assembly) by haromering the press-fit cone 502
through the outlet end 506.

[8219] FIG. 15 shows adownstream seat body 650 comprising a male flare fitting profile 650A
with extemal threads 652 at an atiachment end 653 engaged in a3 sinlardy threaded section
654 A of an entry bore 654, A cylindrical section 670 of the entty bore 6534 adjacent an ID of
the cutlet end bore 118 receives a cylindrical element 672 of the seat body 656, A body seal 1s
formed at the opposing sealing surfaces of tapered element 656 of seat 650 and tapered section
658 at the bottorn of the entry bore 654, The seat body 650 can be provided with either an
external 6- or 12-point hex profile (not shown) for installation with a standard sized socket
wrench, or preferably intemal notching 660 for mstallation and removal using a square bar
inserted through the inlet bore 116 {cf. FIG. 1}, The intemal notching 660 aliows the seat
assembly to have the cwtwardly tapered surface 330 adjacent the sealing surface 124, which
enables the use of the optional cartridge assembly 612

[3220] FIG. 16 shows a downstream seat 700 comprising an assembly of a seat body 706 and
a secured portion 701 of the downsiream seat 700 secured to the valve body 102, The secured
portion 701 preferably comprises seat land 702 press-fit in the entry bore 704, The seat land
702 and the seat body 706 have opposing lapped surfaces 710, 712 for sealing engagement.
The seat land 702 is not removable without damage, however, the downstream seat body 706
is removable. The downsiream seat body 706 is provided with notches 708 used in
manufacturing to facilitate lapping the surface 710 to opposing surface 712 of the seat land
702. The seat body 706 preferably has an OD adjacent an 1D of the main bore 114 for stability,
and is compressed between the flow control element 106 and the seat land 702 to maintain the
surfaces 124, 710, 712 in sealing engagement.

[6221] FIG. 17 shows a downsiream seat assemibly 750 comprising a double ferrule tubing

connection 732 using a replaceable angle cut gasket 754 and a threaded element 757
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comprising an exteriorly threaded nut 758. The seat assembly 750 has a central tubular member
756 recetved ina nul 758, in the gasket 754, and shouldered against an annular surface 760 at
2 bottom of the entry bore 762 adjacent to outlet bore 118, The entry bore 762 has a cylindrical
section 764 adjacent 1o the annular surface 760, a threaded section 766 1o receive the nut 754,
and a tapered section 768 recetving the gasket 754, The nut 758 has a 6- or 12-point hex cut
profile 770 for use with a standard s1zed socket for installation and removal. As the nut 758 is
threaded into the valve body 102, a trailing exterior tapered surface 774 of the gasket 754 s
engaged by a leading interior tapered surface 772 of the nut and a leading tapered surface 776
of the gasket 754 1s pressed into the tapered section 768, At the same time, an ID surface 770
of the gasket 754 is pressed into an OD swrface 772 of the tubing 756, creating the seal. The
downstream sealing surface 124 is formed in the inner end of the tube 756 by lapping to the
flow control element 106.

[6222] FIG. 18 shows a dovwnsiream seat assembly 800 comprising a lip seal 802 having a
leading tapered surface 803 and a threaded element or section 814 comprising an extenoshy
threaded nut 806. The seat assembly 800 has a central tubular member 804 received in a nut
806 and shouldered against an annular surface 808 at a bottom of the entry bore 810 adjacent
to outlet bore 113, The entrv bore 810 has a cvlindrical section 812 adjacent to the annular
surface 808, a threaded section 814 to receive the nut 806, and a tapered section 816 between
the portions 812, 814, The mut 806 has an external polygonal cut profile preferably a 6- or 12-
point hex cut profile 818 for use with a standard sized socket for instailation and removal. As
the nut 806 15 threaded into the valve body 102, the nut loads the lip seal 802 and squeezes it
against the tubing 804, thereby sealing between the valve body 102 and the seat assembly 800
The sealing surface 124 (cf. FIG. 1) is formed in the proximal end of the tube 804 by lapping
to the flow control element 106

[0001] FIG 19 shows a downsiream seat 850 having a flare fitting 852 threaded o the
valve body 102 and an external polygonal profile 852, such as a 6- or 12-point hex cut. for
use with a standard sized socket for installation and removal. As the flare fitting 852 i
threaded into the valve body 102, a metal-to-metal sealing surface 854 is pressed against
taper 856, thereby sealing between the valve body 102 and the seat 850,

{00021 FIG. 20 shows a preferred embodiment of an installation tool 900 that can be used for
installing the cartridge assemblies 3004, 353 described above, sspecially in field applications.
The tool 900 comprises a blank hub end 902 with hub 912 that is clamped using clamp 904 to
hub 202 at the inlet bore 116 of the valve 340. The hub end 902 is drilled and tapped to form

an axial bore 906 to threadedly receive bolt 908, A circular flat plate 910 having an 0D
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adjacent to an 1D of the inlet bore 116 is anially fixed on a forward . As the bolt 908 15
threaded into the bore 906, it drives {lat plate 910 in divection 914 inio the inlet to press the
cartridge assembly 304, 353, anv pre-loading spring 316 and snap ring 132 nlo place mside
the valve 340, 1.2, until the retaining nng 132 expands into place in groove 134
EMBODIMENTS LISTING

[0003] Accordingly, the present disclosure provides the following embodiments:
Embodiment 1. A valve {100} comprising:

a valve body {102} comprising a flow bore {104} and a stem bore {(158);

a flow control element (106} rotatably disposed in the flow bore, preferably wherein the flow
control element floats between a downstream seat {110} and an upstream seat (112);

a bracket (150) fixedly supported from the valve body and comprising a stem opening (162)
is aligned with the stem bore;

a valve stern (108} rotatably disposed in the stem bore and coruprising a first end disposed in
a ceniral bore of a shear bushing adjacent the bracket, a stem shoulder to engage the shear
bushing adjacent the first end, and a second end engaging the flow control element; and

a bushing profile of the shear bushing cooperaiing with an opening profile of the stem
opening for selective retention and release of the valve ster, wherein the shear bushing is
rotatable between a stem release position, wherein the bushing profile is aligned with the
opening profile and the shear bushing can pass through the stem opening, and a stem
retention position, wherein the bushing profile is offset with respect to the opening profile
and the bracket and stem shoulder engage opposiie sides of the shear bushing to retain the
valve stem n the stem bore.

Embodiment 2. The valve of Embodiment 1, wherein:

the bushing profile comprises a minor outside diameter (0D), a major OB, and one or more
minor OD portions along the roinor OD shiernated with one or more lobes extending radially
from the minor OD to the major OD;

the ¢pening profile comprises a minor inside diameter (1D} larger than the minor OB, a major
D larger than the major OD, one or more minor 1D portions along the nunor 113 alternated
with one or more major 15 portions along the major 1D, and one or rmore opening passages
extending radially from the minor 1D to the major ID;

preferably wherein the bushing profile and the opening profile comprise diametrically
opposed pairs of the minor OD portions, the lobes, the minor ID portions, and the opening

passages, wherein the lobes are smaller than the opening passages:
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more preferably wherein the bushing profile and the opening profile comprise matching
buiterfly profiles,

Embodiment 3. The valve of Embodiment | or Embodiment 2, comprising a bushing
retention member securing the shear bushing in the stem retention position, preferablv
whergin the bushing retention member is elongated to extend through a retaining bore in the
bracket into or adjacent to the shear bushing (preferably a lobe of the shear bushing), more
preferably wherein the elongated bushing retention member is threaded and extends into the
shear bushuing {preferably a lobe of the shear bushing).

Embodiment 4. The valve of any one of Embodiments 1 {0 3, comprising:

a packing bore formed i the valve body coaxial with the stem bore;

one or more contiguous packing rings disposed around the valve stem in the packing bore to
form a seal between the valve stem and the valve body:

a packing gland posttioned around the vaive stem;

a gland flange 1n an open access area between the bracket and the valve bodv secured to the
valve body around the valve stem; and

one or more lHve loading springs disposed between the gland flange and the packing gland to
load the packing gland and the packing rings.

Embodiment 3, The valve of one of Embodiments 1 to 4, wherein the valve body s a
single piece body, the brackat is infegrally forged with the valve body, and the shear bushing
is contiguous.

Embodiment 6. The valve of one of Embodiments | o S, comprising:

valve trim comprising the flow control element, a downstream seat to form a seal between the
valve body and the flow control element, and a spring-driven upstream seat to bias the flow
control element against the downstream seatl, wherein the flow control elernent floats between
the upstream seat and the downstream seat;

wherein the valve trim 1s insertable into the flow bore through one end of the flow bore;
wherein the upstream seat and the flow control element are removable through the one end;
and

a retainer having an annular structure i the one end to secure the valve trun in the flow bore,
preferably a retaining ring in a groove in the one end or a threaded member threadediy
engaged in the one end.

Embodiment 7. The valve of Embodiment 6, wherein the valve (rim comprises a
cartridge assembly comprising the flow control element, the upstream seat, and a sleeve to

hold the flow control element and the upstream seat together in relative position for insertion
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through an inlet bore of the flow bore into a main bore of the flow bore, wherein the sleeve is
expandable to release the Jow control element to float between the upstream seat and the
dowunsiream seat.

Embodiment 8. The valve of Embodiment 7, comprising:

an entry bore to an outlet bore of the flow bore;

wherein the downstream seat comprises an anmdar seat body having 8 downstream seat
element to sealingly engage the flow control element and an attachment end for removably
securing the annular seat body in the entry bore;

wherein the attachment end and the entry bore are threaded for threaded engagement; and
wherein the annular seat body comprises internal notching for installation with a square bar
inserted through the 1nlet bore;

preferably {A) wherein the annular seat body comprises a seat body flange between the
attachment end and the downstrears seat element, and comprising a gasket for compression
hetween the seat body flange and an annular surface of the valve body adjacent the outlet
bore, more preferably wherein the attachment end comprises trapezoidal screw threads; or
(B) wherein the entry bore comprises a threaded section adjacent the main bore receiving a
threaded portion of the attachment end, a cviindrical section adjacent an ID of the outlet bore
receiving a cylindrical portion of the attachument end, and a tapered section between the
threaded section and the cylindrical section engaging a tapered portion of the atiachment end,
maore preferably wherein the attachment end and the eniry bore comprise a flare fitting
profile.

Embodiment 9. The valve of Embodiment 7, comprising:

an entry bore to an outlet bore of the flow bore;

wherein the downstream seat comprises an annular seat body comprising a downstream seat
element to sealingly engage the flow control element and an attachment end for removably
securing the annular seat body in the entrv bore;

wherein the entry bore comprises a female machine tapered cone and the attachment end
comprises a male machine tapered cone, wherein the attachment end is received in the entry
bore in an inferference {iy;

preferably wherein the machine tapered cone comprises ridges to form a labyrinthine seal.
Embodiment 10. The valve of Embodiment 6, wherein the downstream saat comprises a
seat land secured in an entry bore to an outlet bore of the Sow bore and a seat body
comprising a downstream seat element to sealingly engage the flow control element, wherein

the seat land and the seat body have opposing lapped surfaces for sealing engagement,
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preferably wherein the seat land s press fit info the entry bore, preferably wherein the
downstream seat element comprises extemal notches (o facilitate lapping.

Embodiment 11 The valve of Embodiment 6. wherein

the downstream seat comprises a threaded element threadedly received in an entrv bore 10 an
outlet bore of the flow bore, and an external polygonal cut profile, praferably a hex cut
profile, for installation with a socket inseried through the mlet bore;

preferably wherein the entry bore comprises a threaded section adjacent the main bore
recetving the threaded element, a cvlindrical section adjacent an 1 of the outlet bore
receiving a cylindrical element of the seat body, and a tapered section between the threaded
section and the cvlindrical section engaging a tapered element of the downstream seat;

more preferably wherein:

{A) the seat bodv is a single piece comprising the threaded element, the extemal polygonal
cut profile, and the tapered clement between the oviindrical element and the threaded
element, preferably wherein the seat body and the entry hore comprise respective male and
female flare fitting profiles: or

(B) the seat body 1s a tubular member comprising the cylindrical element shouldered in the
cylindrical section of the entry bore; wherein the threaded element comprises a nut having the
external polvgonal cut profile and an 1D surface to receive an OD surface of the tubular
member; the tapered element has an ID surface to receive the OD surface of the tubular
member ahead of the nut and has a leading tapered surface; and wherein threading the nut
into the threaded section of the entry bore presses the leading iapered surface into
engagement with the tapered section of the of the entry bore and the 1D surface of the tapered
element into engagement with the OD surface of the tubular member; preferably wherein the
tapered element of the downstream seat comprises (1) a lip seal, or (2} a replaceable angle cut
gasket, preferably wherein the replaceable angle cut gasket has a tralling exterior tapered
surface engaged by a leading interior tapered surface of the nut.

Embodiment 12. The valve of any one of Embodiments 1 to 5, comprising;

whergin the flow bore comprises a central bore and first and second end bores, whergin the
ceniral bore has an inside diameter (1D} larger than an ID of the first end bore and smaller
than an ID of the second end bore;

a first seat for sealing engagemsnt between the flow control element and the valve body
adjacent the first end bore comprising a first seat body having a first sealing surface for
sealingly engaging the flow control element and an attachment end releasably secured to the

valve body;
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a second seat comprising a second seat body having a second sealing surface for sealingly
engaging the flow coutrol element,

a seat spring 1o bias the second seat body against the flow control element, wherein the flow
conirol element floats between the first seat and the second seat;

an anmudar plug in sealing engagement with the valve body, the annular plug having an outer
end threadedly engaged in the second end bore and an inner end in engagement with the seat
spring; and

a seat land between the second seat body and the inner end of the annular plug for sealingly
engaging the second seat body and the inner end of the plug, wherein the inmer end loads the
seat spring against the second seat body to sealingly engage the first elernent when a fluid
pressure 15 higher in the second end bore relative to the first end bore, and wherein the seat
and sealingly engages the second seat body and the inner end of the annular plug when a
fhuid pressure higher in the first end bore relative to the second end bore compresses the seal
spring {preferably wherein the seat land has a height in excess of a solid height of the seat
spring).

Embodiment 13. The valve according to any one of Embodiments 1 to 12, comprising
clamping hubs formed on the valve bodv at inlet and outlet ends of the flow bore,
Embodiment 14. A method of inserting a valve stem in a valve, preferably the valve of
any one of Embodiments 1 to 13, comprising:

installing a flow control element in a flow bore through a valve body;

inserting a first end of a valve stem into a central bore of a shear bushing;

inserting the valve stem into a stem opening through a bracket fixedlv supported from the
valve body;

radially aligmng the shear bushing with respect 1o the bracket in a stem release position
wherein a bushing profile of the shear bushing cooperates with an opening profile of the siem
opeming for axial passage of the shear bushing through the stem opening;

axially positioning the shear bushing between the bracket and a stem shoulder on the valve
stem,

mserting a second end of the valve siem inio a stem bore through the valve body (o engage
the flow conirol element; and

rotating the shear bushing into a stem retention position wherein the bushing profile is offset
from the opening profile and the bracket and a stem shoulder on the valve stem engage

opposite surfaces of the shear bushing to retain the valve stem in the stem bore,
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Embodiment 15. The method of inserting a valve stem in a valve of Embodiment 14,
wherein the flow control element is installed in the flow bore prior to the engaging of the
flow control element with the second end of the valve stern.

Embodiment 16. The method of inserting a valve stem in a valve of Embodiment 14 or
Embodiment 15, comprising securing the shear bushing from rotation to retain the shear
bushing i the stem retention position.

Embodiment 17. The method of inserting a valve stem in a valve of any one of
Embodiments 14 to 16, comprising:

passing the second end of the valve stem through a packing gland in an open access area
between the bracket and the valve body:

positioning one or more contiguous packing rings on the second end of the valve stemimm a
packing bore; and

securing a gland flange to the valve body and positioning live loading springs between the
gland flange and the packing gland to has the packing gland against the one or more packing
rings.

Embodiment 18. The method of inserting a valve stem in a valve of any one of
Embodiments 14 to 17, compnsing iniegrally forging the bracket with the valve body.
tormung the stem opening through the bracket, and forming the stem bore through the valve
body in alignment with the stem opening,

Embodiment 19. The method of inseriing a valve stem in a valve of any one of
Embodiments 14 to 17, coroprising removing the valve stem from the valve, comprising:
rotating the shear bushing with respect to the bracket from the stem retention position into the
stem release position;

passing the shear bushing axially through the stem opening away from the valve body;
disengaging the second end of the valve stem from the flow control element; and

removing the valve stem from the stem bore.

Embodiment 20. The method of inserting and removing a valve stem from a valve of
Embodiment 19, comprising:

after rerpoving the valve stem from the valve bore, inspecting, replacing, or inspecting and
replacing, one or more contiguous packing rings on the second end of the valve stem;
posttioning the shear bushing in the stem release position and passing the shear bushing
through the stem operung toward the valve body, positioning the shear bushing between the

bracket and the stem shoulder, inserting the valve stem through the stem bore, engaging the
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flow control element with the second end of the valve stem, and positioning the one or more
packing rings i the packing bore; and

rotating the shear bushing inio the stem retention position.

Embodiment 21. The method of inserting and removing a valve stem from a valve of
Embodiment 20, comprising:

disengaging a gland fange from the valve body, prior to removing the valve stem from the
stem bore: and

after inspeciing. replacing, or inspecting and replacing one or more contiguous packing rings,
inserting the valve stem through the stem bore and positioning the one or more packing rings
in the packing bore, positioning live loading springs between the gland flange and a packing
gland, and securing the gland flange to the valve body to bias the packing gland against the
one or more packing rings.

Embodiment 22. A method of assernbling and disassembling a valve, preferably the
valve of any one of Embodiments 1 to {3, comprising:

integrally forging a valve body with a bracket supported from the valve body:

forming a flow bore through the valve body;

forming a siem opening through the bracket:

forming a stem bore in the valve body o the flow bore in alignment with the stem opening;
inserting valve trim through one end of the flow bore, wherein the valve trim comprizes a
flow control element, a downsiream seat to form a seal between the valve body and the flow
control element. and an upsiream seat to bias the flow control eleroent against the
downstream seat, wherein the flow control element floats between the upsiream seat and the
downstream seat;

installing a retainer having an annular structure (preferably a retaining ring i a groove or a
threaded member threadedly engaged in the one end);

inserting a first end of a valve stem into a central bore of a shear bushing:

inserting the valve stem imto the stem opening;

radially aligning the shear bushing with respect to the bracket in a stem release position
wherein a bushing profile of the shear bushing cooperates with an opening profile of the stern
opening for axial passage of the shear bushing through the stem opening;

axiallv positioning the shear bushing between the bracket and a stem shoulder on the valve
sten

inserting a second end of the valve stem into the stem bore to engage the flow control

element;
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rotating the shear bushing into a stem retention position wherein the bushing profile is offset
from the opening profife and the bracket and the stem shoulder engage opposite surfaces of
the shear bushing to retain the valve stem in the stem bore;

engaging a bushing retention member 10 secure the shear bushing in the stem retention
position:

turning the valve stern to rotate the flow control element between open and closed positions;
disengaging the bushing retention member;

rotating the shear busing into the stem release position;

passing the shear bushing through the stem opening away from the valve bodv to disengage
the second end of the valve stem from the flow control element and remove the valve stem
from the stem bore; and

removing the retainer from the one end; and

removing the upstream seat assembly and the flow control element through the one end; and
preferably removing at least a portion of the downstream seat through the one end.
Embodiment 23. The method of assembling and disassemibling a valve of Embodiment
22, comprising;

{A)y  wherein inserting the valve trim through the one end comprises fuserting a cartridge
assembly comprising the flow control element, the upstrear seat, and a sleeve to hold the
flow control element and the upstream seat together in relative position for the insertion into
the flow bore, and expanding the sleeve to release the flow control element to float between
the upsiream seat and the downsiream seat; or

(B)  securing a seat land in an entrv bore to an outlet bore of the flow bore, disposing a
downstream seat element between the flow control element and the seat land to sealingly
engage the flow control element and sealingly engage opposing lapped surfaces formed on
the seat land and the flow control element, prelerably comprising press-fitting the seat land
into the entry bore; or

(Cy  threadedly receiving a threaded element of the downsiream seat in an entry bore to an
outlet bore of the flow bore, and engaging an external polygonal cut profile of the
downstream seat, preferably a hex cut profile, with a socket inserted through the mlet bore to
rotate the threaded element; or

(D3 forming a seal between with the upstream seat and the flow control element, and
threadedly engaging the retainer in the one end of the flow bore.

Embodiment 24. A repairable valve assembly system, comprising components for

assembly together into a repairable valve, the components comprising:
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a spherical flow control element with a flow control bore therethrough;

a valve stem io engage the flow control element;

a (preferably single prece) valve body conprising a flow bore to rotatably receive the flow
control element and a stem bore to rotatably receive the valve stem, the flow bore comprising
a main bore, an inlet bore, and an outlet bore;

a downstream seat comprising a seai body for sealing engagement with the valve body
adiacent the outlet bore (preferably in an entry bore to the outlet bore). a downstream seat
element having a sealing surface to sealingly engage the flow control element. and an
outwardly tapered surface adjacent the downstream seat element;

an upstream seat assemnbly comprising an upstream seat elernent o engage the flow control
element, a seat spring to bias the upstream seat element, and an annular spacer following the
spring;

a cariridge assembly mnsertable into the inlet bore comprising 4 steeve supported from the
annular spacer engaging the fow control element and holding the upstream seat eleroent and
the seat spring between the annular spacer and the flow control element for insertion into the
flow bore;

wherein the sleeve has a leading sleeve end to engage the outwardly tapered surface to
expand the sieeve and release the flow control element to Hoat between the upstream seat
element and the downstream seat elemeni; and

a retainer having an annular structure for removable attachment in the inlet bore to secure the
cartridge in the flow bore and load the seat spring {preferablv a retaining rning in a groove).
Embodiment 25, The repairable valve assembly svstem of Embodiment 24 comprising a
pre-icading spring between the retainer and the annular spacer.

Embodiment 26. The repairable valve assernbly svstem of Embodiment 24 or
Embodiment 235 wherein the retainer comprises a retaining ning and the indet bore comprises a
groove to receive the retaining ring.

Embodiment 27. The repairable valve assembly system of any one of Embodiments 24
10 26 wherein the inlet bore and the main bore comprise an inside diameter (ID) larger than
an outside diameter (OD) of the flow control element, wherein the anoular spacer comprises
an OD adjacent the ID of the inlet bore, and wherein the annular spacer comprises an 1D
matching an 1D of the flow control bore.

Embodiment 28. The repairable valve assembly svstem of any one of Embodiments 24
to 27 wherein the annular spacer comprises an inwardly tapered entiy section for fluid flow

transition between the inlet end and an ID of the annular spacer and preferably an acutely
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outwardly tapered exit section, preferably wherain the seat spring comprises a spring element
adjacent the anmular spacer having an OD less than an OD of the annular spacer, and wherein
the acutely outwardly tapered exit section of the annular spacer centers the spring element.
Embodiment 29. The repairable valve assernbly system of any one of Embodiments 24
10 28, wherain the sleeve comprises a plurality of retention arms extending forward from the
anmdar spacer to respective leading arm ends and bending inwardly to a small angie to
engage the flow control element, wherein the retention arms are spread apart by engagement
of the leading arm ends with the owtwardly taperad surface; preferably comprising a tang on
an end of the valve stem, and a tang recess in the flow control element to receive the tang,
wherein the retention arms are radially spaced apart on either side of the tang recess.
Embodiment 30. The repairable valve assembly system of Embodiment 29, wherein the
sleave comprises a steeve base engaging the anmudar spacer and the retention arms extend
frors the base.

Embodiment 31. The repairable valve assembly svstem of Embodiment 30, wherem the
annular spacer comprises a trailing portion compiising the OD adjacent the 1D of the inlet
bore and a leading portion with a recessed OD, wherein the sleeve base comprises a ring
engaging the leading portion and has an O adjaceni the ID of the inlet end.

Embodiment 32. The repairable valve assernbly svstem of Embodinent 30 or
Embodiment 31, wherein the sleeve 1s formed from rolled metal.

Embodiment 32A.  The repairable valve assembly system of Embodiment 30, wherein the
sieeve base comprises an annular disc (312) engaging a trathing end (139} of the aonular

spacer.

Embodiment 33. The repairable valve assembly svstem of any one of Embodiments 24
to 324, comprising an entrv bore to an outlet bore of the flow bore, wherein the downstream
seat comprises an annular seat body having an attachment end for removably securing the
annular seat body in an entry bore 1nio the outlet bore and a downstrearn seat element to
sealingly engage the flow control element.

Embodiment 34. The repairable valve assembly system of Embodiment 33, wherein the
attachment end and the entry bore are threaded for threaded engagement and wherein the
annular seat body comprises indernal notching for installation with a square bar inserted
through the inlet bore,

Embodiment 35. The repairable valve assembly svstem of Embodiment 34, wherein the

annular seat body comprises a seat body flange between the attachment end and the
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downstream seat element, and comprising a gasket for compression between the flange and
an annular surface of the valve body adjacent the outlet bore, preferably wherein the
attachment end comprises trapezoidal screw threads.

Embodiment 36. The repairable valve assembly system of Embodiment 34, wherein:
the entry bore comprises:

4 threaded section adjacent the main bore receiving a threaded portion of the seat body;

a cylindrical section adjacent an 1D of the outlet bore receiving a cvlindrical portion of the
seat body. and

a tapered section between the threaded section and the eyhindrical section engaging a tapered
portion of the seat body; and

the seat body is a single piece comprising the threaded portion, the cylindrical portion, and
the tapered portion, preferably wherein the seat body and the entry bore comprise respective
male and female flare fitting profiles.

Embodiment 37. The repairable valve assembly svstem of Embodiment 33, wherem the
entrv bore is tapered, and wherein the attachment end of the annular seat body is tapered for
forming an interference it in the tapered entry bore, preferably wherein the attachment end
comprises a machine tapered cone, more preferably wherein the machine tapered cone
comprises rrdges to form a labvrinthune seal in the entrv hore,

Embodiment 38. The repairable valve assembly system of any one of Embodiments 24
to 37, comprising;

a bracket fixedly supported from the valve body, preferably wheremn the valve bodv is a
single piece bodyv and the bracket is integrally forged with the valve body;

a stem opening in the bracket aligned with the stem borg;

a shear bushing with a central bore to shidably receive a first end of the valve stem, preferably
wherein the shear bushing ts contiguous, wherein the valve stem has a second end coraprising
a tang to engage the flow control element, and wherein the sieeve compwises a space to
receive the tang;

whergin the shear bushing is rotatably disposable between the bracket and a stern shoulder
forrmed on the valve stemy, wherein the shear bushing has a bushing profile to cooperate with
an opening profile of the stem opening for selective retention of the valve stem by the bracket
or release of the shear bushing and valve stem for axial passage through the stem opening.
Embodiment 39. The repairable valve assembly svstem of any one of Embodiments 24

to 38, wherein the valve body comiprises clamping hubs at the inlet and outlet bores.
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Embodiment 40. A repairable valve assembled from the repairable valve assembly
system of any one of Embodiments 24 {0 39.

Embodiment 41, A repairable valve comprising:

a spherical flow control element with a flow control bore therethrough;

a valve stem engaging the flow control element;

a valve body, preferably a single piece valve body, comprising a flow bore rotatably
receiving the flow control element and a stem bore rotatably receiving the valve stem. the
flow bore comprising a maint bore, an inlet bore, an outlet bore, and an entrv bore from the
matnt bore into the outlet bore;

a downstream seal comprising a seat land and a seat body having opposed lapped surfaces in
sealing engagement between the seat land and the seat body, wherein the seat land has an
attachment end sealingly received in the entry bore, wherein the seat body has a downstream
seaf element comprising a sealing surface sealingly engaging the flow control element;

an upsirear seat assembly comprising an upstream seat element engaging the flow control
element, a seat spring to bias the upstream seat element, and an annular spacer following the
seat spring; and

a retainer having an annular structure securing the upstream seat asserably in the flow bore
and loading the seat spring, preferably wherein the retainer comprises a retaining ring
disposed in a groove in the inlet bore, wherein the flow control element floats between the
seat body and the upstream seat element.

Embodiment 42. The repairable valve of Embodiment 41 wherein the seat body
comprises external notches to facilitate lapping.

Embodiment 43. The repairable valve of Embodiment 41 or Embodiment 42 wherein
the seat fand is press-fit in the entry bore.

Embodiment 44 The repairable valve of any one of Embodimenis 41 to 43 wherem the
retainer comprises a retaining ring disposed in a groove in the inlet bore,

Embodiment 45, The repairable valve assembly system of any one of Embodiments 41
10 44 wherein the inlet bore and the main bore comprise an inside diameter (ID) farger than
an outside diameter (0D} of the flow control element, wheremn the anoular spacer coruprises
an OD adjacent the ID of the inlet bore, and wherein the annular spacer comprises an 1D
matching an 1D of the flow control bore.

Embodiment 46. The repairable valve assembly svstem of Embodiment 45 wherein the

annular spacer comprises an inwardly tapered entry section for fluid flow transition between
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the inlet end and the 1D of the annular spacer and PREFERABLY an acutelv outwardly
tapered exit section,
Embodiment 47. The repairable valve asserobly svstem of Embodiment 46 wherein the
seat spring coraprises a spring element adjacent the annular spacer having an OD less than an
0D of the annular spacer, and wherein the acutely outwardly tapered exit section centers the
spring element.
Embodiment 48. The repairable valve assembly svstem of any one of Embodiments 24
10 47, comprising:
a bracket fixedly supported from the valve body, preferablv wherein the valve body is a
single piece body and the bracket is integrally forged with the valve body;
a stem opening in the bracket aligned with the stem bore;
a shear bushing with a central bore to slidably receive a first end of the valve stem (preferably
wherein the shear bushing s contiguous), wherein the valve stem has a second end
comprising a fang to engage the flow control element;
wherein the shear bushing is rotatably disposable between the bracket and a stem shoulder
formed on the valve stem, wherein the shear bushing has a bushing profile {0 cooperate with
an opening profile of the stem opening for selective retention of the valve stem by the bracket
or release of the shear bushing and valve stem for axial passage through the sters opening.
Embodiment 49. The repairable valve assembly system of Embodiment 48, wherein the
valve body s a single piece body, the bracket is integrally forged with the valve body, and
the shear bushing is contiguous.
Embodiment 50 The repairable valve assembly svstem of any one of Embodiments 24
to 49, wherein the valve body comprises clamping hubs at the inlet and outlet bores.
Embodiment 51. A repairable valve comprising:
a spherical Jow control element with a flow conirol bore therethrough;
a valve stem engaging the flow control element;
a {preferably single pisce} valve body comprising a flow bore rotatably receiving the flow
control element and a stem bore rotatably recetving the valve stem, the flow bore comprising
a main bore, an inlet bore, an outlet bore, and an entry bore from the ruain bore into the outlet
bore;
a downstream seat comprising,

a seat bodv having a downstream seat element comprising a sealing surface sealingly

engaging the flow control element, and
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a threaded element threadedly received in the entry bore and having an external
polvgonal cut profile, preferably a hex cul profile, for installation with a socket
inserted through the inlet bore;
an upstream seat assembly comprising an upstream seat element engaging the flow control
element, a seat spring to bias the upstream seat element, and an annular spacer following the
seat spring, wherein the Jow control element floats between the seat body and the upsiream
seat element; and
a retainer having an annular structure in the inlet bore securing the upstream seat assembly in
the flow bore and loading the seat spring (preferably wherein the retainer comprises a
retainung ring disposed in a groove i the inlet bore).
Embodiment 52. The repairable valve assembly system of Embodiment 51, wherein the
entry bore comprises:
a threaded section adiacent the mam bore receiving the threaded element;
a cylindrical section adjacent an 113 of the outlet bore receiving a evhindrical element of the
seat body, and
a tapered section between the threaded section and the eylindrical section engaging a tapered
element of the downstream seat.
Embodiment 53, The repairable valve assernbly svstem of Embodiment 51 or
Embodiment 52, wherein the seat body is a single piece comprising the threaded element, the
extemnal polygonal cut profile, and the tapered element between the cylindrical element and
the threaded element{, preferably wherein the seat body and the eniry bore comprise
respective male and female flare fitting profiles).
Embodiment 54. The repairable valve assembly svstem of Embodiment 52 or 53,
wherein the seat body and the eniry bore comprise respective male and {emale {flare fitting
profiles the seat body and the entry bore cornprise a Hare fitting profile.
Embodiment 55. The repairable valve assembly system of any one of Embodiments 51
10 54, wherein:
the seat body is a fubular member comprising the cylindrical element shouldered in the
cylindrical section of the entry bore;
the threaded element comprises a nut having the external polygonal cut profile and an D
surface to receive an OD surface of the tubular member;
the tapered clement has an ID surface o receive the OD surface of the tubular member ahead

of the nut and has a leading tapered surface; and
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threading the nut into the threaded section of the eniry bore presses the leading tapersd
surface into engagement with the tapered section of the of the entry bore and the 1D surface
of the tapered element into engagement with the OD surface of the tubular meraber (;
preferably wherein the tapered element of the downstream seat comprises (1) a replaceable
angle cut gaskst, more preferably whersin the replaceable angle cut gasket has a trailing
extenior tapered surface engaged by aleading interior tapered surface of the nut, or (2} alip
seal.

Embodiment 56, the repairable valve assembly svstem of Embodiment 53 wherein the
tapered element of the downstream seat comprises a replaceable angle cut gasket, preferably
wherein the replaceable angle cul gasket hags a trailing exterior tapered surface engaged by a
leading interior tapered surface of the nut.

Embodiment 57. the repairable valve assembly system of Embodiment 55 wherein the
tapered element of the downsiream seat comprises a lip seal.

Embodiment 58 The repairable valve of any one of Embodiments 51 to 37 wherein the
retainer comprises a retaining ring disposed in a groove in the inlet bore,

Embodiment 39. The repairable valve of any one of Embodiments 51 to 58 wherein the
inlet bore and the main bore comprise an inside diameter (1D) larger than an outside diameter
{OD) of the flow control element, wherein the annular spacer comprises an OD adjacent the
ID of the inlet bore, and whersin the annular spacer comprises an I matching an 1D of the
flow control bore.

Embodiment 60. The repairable valve of any one of Embodiments 51 to 39 wherein the
annular spacer comprises an inwardly tapered entry section for fluid flow transition between
the inlet end and the 1D of the annular spacer and preferably an acutely outwardly tapered
exit seclion.

Embodiment 61. The repairable valve of Ernbodiment 60 wherein the seat spring
comprises a spring element adjacent the annular spacer having an 0D less than an OD of the
annudar spacer, and wherein the acutely outwardly tapered exit section centers the spring
element.

Embodiment 62, The repairable valve of any one of Embodiments 51 to 61, cornprising:
a bracket fixedly supported from the valve body, preferably wherein the valve bodv is a
single piace bodv and the bracket is integrally forged with the valve body;

a stem opening in the bracket aligned with the stem bore;
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a shear bushing with a central bore to slidably receive a first end of the valve stem (preferably
wherein the shear bushing is contiguous), and wherein the valve stem has a second end
comprising a tang to engage the flow control element;

wherein the shear bushing is rotatablv disposable between the bracket and a stem shoulder
formed on the valve stem, wherein the shear bushing has a bushing profile to cooperate with
an opening profile of the stem opening for selective refention of the valve stem by the bracket
or release of the shear bushing and valve stem for axial passage through the stem opening.
Embodiment 63 The repairable valve of Embodiment 62, wherein the valve bodv is a
single piece body, the bracket is integrallv forged with the valve body, and the shear bushing
is contiguous.

Embodiment 64. The repairable valve of any one of Embodiments 51 {o 63 wherein the
valve body comprises clamping hubs at the inlet and outlet bores.

Embodiment 65. A repairable, bidirectional valve {400} comprising:

a spherical flow control elernent (106) with a fow control bore (107} therethwough,

a single piece valve body (416} comprising a flow bore (104) rotatably receiving the flow
control element (106), the flow bore comprising a central flow bore (415} and first and
second end bores (417, 4193, wherein the central bore has an inside diameter (1D} larger than
an 1D of the first end bore and smaller than an 1D of the second end bore;

a first seat (418) for sealing engagement between the flow conirol element and the valve body
adjacent the first end bore comprising a first seat body (420} having a first sealing surface
{421} for sealingly engaging the flow control element and an attachment end (422) releasably
secured to the valve body:

a second seat comprising a second seat body having a second sealing surface for sealingly
engaging the flow control element;

4 seat spring 1o bias the second seat body aganst the Jow control element, wherein the flow
control element floats between the first seat and the second seat;

an anmudar plug in sealing engagement with the valve body, the annular plug having an outer
end threadedly engaged in the second end bore and an inner end in engagement with the seat
spring,; and

a seat land between the second seat body and the inner end of the annular plug for sealingly
engaging the second seat body and the inner end of the plug, whergin the inner end loads the
seat spring against the second seat body to sealingly engage the first element when a fhad
pressure 15 higher inn the second end bore relative to the first end bore, and wherein the seat

land sealingly engages the second seat body and the inner end of the annular plug when a
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fluid pressure higher in the first end bore relative to the second end bore compresses the seat
spring, preferably wherein the seat land has a height in excess of a solid height of the seat
SpIing.

Embodiment 66. The repairable, bidirectional valve of Embodiment 65 wherein the seat
land is formed on the inner end of the annular plug around the seat spring.

Embodiment 67. The repairable, bidircctional valve of Embodiment 65 or 66 wherein
the seat land has a height in excess of a solid height of the seat spring.

Embodimernt 68. The repairable, bidirectional valve of any one of Embodiments 65 to
67 wherein the outer end of the annular plug compresses a gasket {preferably a spiral wound
gasket) against the valve bodv {preferably agatnst a shoulder between the second end bore
and the central bore) {preferably between opposing shoulders between the second end and
ceniral bores of the flow bore and between OGD’s of the inner and outer ends of the annular
plug).

Embodiment 69, The repairable, bidirectional valve of any one of Embodiments 65 to
6% wherein the first seat, the flow control element, and the second seat are removable through
the second outiet bore.

Embodiment 70. The repairable, bidirectional valve of any one of Embodiments 65 to
69 comprising an entrv bore into the first end bore recerving the attachment end of the first
seat body.

Embodiment 71. The repairable, bidirectional valve of any onte of Embodiments 65 to
69 wherein the attachment end of the first seat body is threadedly engaged with the valve
hodv {preferably n an entry bore into the first end bore).

Embodiment 72. The repairable, bidirectional valve of Embodiment 71 wherein the first
seat body comprises urternal notching for installation with a square bar inserted into the
second end bore(, preferably {A) wherein the attachment end comprises traperoidal screw
threads. wherein the first seat body comprises a flanged section (606} adjacent the attachment
end and a gasket compressed between the flanged section and an annular surface of the valve
body adjacent the first end bore, or (B) wherein the attachment end section and the valve
bady comprise a flare fitting profile).

Embodiment 73. The repairable, bidirectional valve of Embodiment 71 wherein the first
seat body comprises a threaded elemeant threadedly received in an entry bore to the first end
bore and having an external polvgonal cut profile, preferably a hex cut profile, for installation

with a socket mserted through the second end bore.
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Embodiment 74. The repairable, bidirectional valve of Embodiment 73 wherein the
entry bore comprises:

a threaded section adjacent the main bore receiving the threaded element;

a ¢ylindrical section adpacent an 1D of the first end bore receiving a cylindrical element of the
first seat body, and

a tapered section between the threaded section and the cylindrical section engaging a tapered
element of the first seat.

Embodimernt 75. The repairable, bidirectional valve of Embodiment 74 wherein the first
seat body i3 a single piece comprising the threaded element, the external polygonal cut
profile, and the tapered element between the cvlindrical element and the threaded element(,
preferably wherein the seat body and the entry bore comprise respective male and female
flare fitting profiles).

Embodiment 76. The repairable, bidirectional valve of Embodiment 74 or 75, wherein
the seat body is a tubular member comprising the cyvlindnical element shouldered in the
cylindrical section of the entry bore;

the threaded element comprises a nut having the external polygonal cut profile and an ID
surface to receive an od surface of the tubular member;

the tapered element has an 1D susface to receive the OD surface of the tubular rember ahead
of the nut and has a leading tapered surface; and

threading the nut into the threaded section of the entry bore presses the leading lapered
surface into engagement with the tapered section of the of the entry bore and the 1D surface
of the tapered element into engagement with the 0D surface of the tubular member(;
preferably wherein the tapered element of the downstream seat comprises (1} a replaceable
angle cut gasket (, more preferably wherein the replaceable angle cut gasket has a trailing
exterior tapered surface engaged by aleading vuenor wapered surface of the nut), or 2y alip
seal).

Embodiment 77. The repairable, bidirectional valve of any one of Embodiments 65 to
76, comprising:

a bracket fixedly supported from the valve body, {preferably wherein the bracket is integrally
forged with the valve body];

a stem opening in the bracket alignad with the stem bors;

a shear bushing with a central bore recetving a first end of the valve siem (preferably wherein
the shear bushing is contiguous), wherein the valve stem has a second end comprising a tang

10 engage the flow control element;
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wherein the shear bushing is rotatably disposable between the bracket and a stem shoulder

formed on the valve siem, wherein the shear bushing has a bushing profile to cooperate with

an opering profile of the stem opening for selective retention of the valve stem by the bracket
or release of the shear bushing and valve stem for axial passage through the stem opening.

Embodiment 78. The repairable. bidirectional valve of any one of Embodiments 65 to

77 wherein the valve body comprises clamping hubs at the mlet and outlet bores.

i A valve, comywising:

g valva body with an axial fluid flow bore therethrougly

aspherical fow control element disposad n the flow bore and rotatable befween open and
closed postiions,

a bracket spaced laterally from the valve body on a support;

avalve stem having a first end engaging the flow control element for rotation thereof, the
stem extending from the first end through a stem bore in the valve body 0 a second
end adjacent to the bracket;

a shoulder formad on the stem adiacent the bracket with an enlarged outer diameter relative
to a main diameter of the stem, wherein the showlder supports a first shide bearing
surface;

a shear bushing having a central bore receiving the stern, wherein the shear bushing is
disposed batwesn the stem shoulder and the bracket, wherein the shear bushing

sgpports a second shide bearing surface opposing the first shide bearing surface,
wherein the shear bushing comprises one or more mbnounn cuiside diameter poriions
alternated with one or more lobes;

a bore formed through the bracket, the bracket bore having one or more innarmost diameier
portions corresponding o the one or more minuman outside diameter portions of the
shear bushing and one or move laterally extending openings corresponding (o the one
or more fobes of the shear bushing. wherein the outer diarneter of the stemi shoulder
and the mininman cuiside diameter of the shear bushing are less than the innermost
drameter of the bracket bore, wherein the one or more lobes extend radially beyvond
the fmnermost diameter of the bracket bove; and

wherein the shear bustung is rotatable on the stam with respect o the bracket betwesn an
alionment position wherein the one or more lobes and minimun diameter portions of
the shear bushing are radially aligoed with the one or more laterally extending
openings and mimonom suiside diameter portions of the bracket bore to pass the stem

and shear bushing axiatly through the bracket bore, and a radially offset position
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wherein the one or more lobes and munimuom diameter portions of the shear bushing
are vadially offset with respect 1o the one or more laterally extending openings and
nunimum owside diameter portions of the bracket bore wherein the shear bushing and
stetn are selectively retained by the bracket
2. The valve of Embodiment 1, comprising diametrically opposed pairs of the minimum
diameter portions of the shear bushhing alternated with the fobes.
3 The valve of Entbodiment 2, wherein the shear bushing and the bracket bore have
matching butterfly profiles.
4 The valve of anv of Embodiments 123, further comprising a threaded member
extending through a retestion bore in the bracket o at feast one of the one or more lobes of
the shear bushing 1o retain the shear bushing in the radially offset position.
5. The valve of any of Embodiments 1-4, wherein the bracket and support are integral

with the valve body.

6. The valve of any of Embodimenis 1-5, wherein the shear bushuing 1s contiguous.
7. The valve of any of Embodimenis 1-6, wherein the bracket and support define an

spen access area between the bracket and the valve body, and wherein the valve further

comprises’

a packing bore formed m the valve bodv coaxial with the stem bore;

one or more packing rings disposed about the stem in the packing bore to form a seal between
the stent and the valve body;

a packing gland posttionad around the stem {0 load the packing rngs;

a gland Hange in the open access area secured to the valve bodv around the stem 1o 1oad the
packing eland; and

preferably one or more hive loading springs disposed between the gland flange and the

packing gland.

8. The valve of Embodiment 7. wherein the packing rings are contiguous.
o, The valve of any of Embodiments 1-8, further comprising:

wherein the fhud flow bore comprises & maim passags, an inlet end, and an cutlet end,
wherein the man passage bas a diameter larger than a diasseter of the flow contral
element. wherein one of the inlet end and the outiet end has an mnermost diameter
less than a diamsier of the {low control element, and wherein the other one of the inlat
end aund the outlet end has an nnermost diameter equal to or larger than the diameter

of the main passage;
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valve frim comprising a downsiream seat and an upstream seat assembdy, the downstream
seat disposed between the outlet end and the flow control element for sealing between
the flow contral element and the valve body, wherein the downstream seal comprises
a body seal 10 sealingly engage the valve body and a seat element having a sealing
surface to sealingly engage the flow control element, wherein at least the downstream
seat element 1s removable from the valve body through one end of the fow bore; and

the upsiream seat assembly disposed in the main passage batwean the inlet end and the flow
control element. the upstream seat assentbly comprising a spring 1o bias an upsiream
seat element against the flow control element and the How control element against the
downstream seat element. wheren the How control element floais befween the
upsirean and downsireant seat elements; and

a retainer remoevably attached 1o the valve body about the finid flow bore and having one or
more projections o the flow bore to secure the downstream seat, the fow control
slement, and the upstremm seat assembly in the How bore and load the spring

i0. The valve of Embodiment 9, wherein at least a portion of the downstream seat i3

secured to the valve body, and wherein the downstream seat element has a taper on an outer

surface adjacent to the sealing surface, the valve trimn further comprising:

a cartridge assembly comprising a sleeve around the flow control elernent and at least a
portion of the upstream seat assembly, wherein the sleeve has a cylindrical profile
with an outside diameter matching or less than the main passage diameter and
comprises radially spaced arms extending axaally from a base at a frst end adjacent
the spacer t0 a second end engaging the downstream seat element;

wherein the arms are bendable to a small angle with respect to a longitudinal axis to hold the
flow control element and the apsiream seat assembly in an instaliation configuration,
and wherein installation of the cartridge assemibly w the installation conliguration
through the inlet end of the flow bore causes the second ends of the arms to contact
the taper, spread the arms apart, and release the flow control element to float between
the upstream and downstream seat elements.

11, The valve of any of Embodiments 1-10, further comprising clamping hubs formed on

the valve body at inlet and outlet ends of the fluid flow bore.

12. A method of assembling the valve of any of Embodiments 1-11, comprising the steps

oft
installing the flow control element in the fluid flow passage;

installing the shear bushing on the stem to engage the shoulder:
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passing the first end of the valve stem through the bracket bore and the stem bore and
into engagement with the flow control element and aligning the one or more
fobes of the shear bushing with the one or more laterally extending openings
of the bracket bore to pass the shear bushing through the bracket bore; and
positioning the one or more lobes in the radially offset position to stop the valve stem
from passing back through the bracket bore.
i3 The method of Embodiment 12. wherein the flow control element is installed in the

fluid flow passage prior to the passing of the first end of the valve stem through the stem

bore.
i4 The method of Emboditent 12 or Embodiment 13, wherein the passage step
COMPrises:
passing the first end of the valve stem through a packing gland in an open access area
between the bracket and the valve body;
posttioning packing rings on the first end of the valve stem in a packing bore; and
securing a gland flange to the valve body to bias the packing gland against the
packing rings.
i5 A moethod of {preferably in-ling) servicing the valve of any of Embodiments i-11,

comprising the steps of!
positioning the one or more lobes of the shear bushing into alignment with the one or
more faterally extending openings in the bracket bore;
passing the one or more lobes of the shear bushing through the bracket bore to
disengage the first end of the stem from the flow control element;
mspecting and/or replacing packing rings on the first end of the valve stem;
passing the one or more lobes of the shear bushing through the bracket bore and
passing the first end of the valve stern through the stern bore (0 engage the
flow control element; and
positioning the one or more lobes of the shear bushing into the radially offset position.
16 The method of Embodiment 15, further comprising:
disengaging a gland flange from the valve body prior to passing the one or more lobes
of the shear bushing through the bracket bore; and
after engaging the first end of the stem with the flow control element. securing the
gland flange 1o the valve body to bias a packing gland against the packing

ings.

s
i

A valve comprising,
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avalve body with an axial fluid How bore therethroughy,

aspherical fow control element disposed w the flow bore and rolatable between open and
closed positions,

a valve stent having a first end n engagement with the flow conirol element for rotation
thereof, the valve stem ramovably passing through a stem bore formed through the
valve body:

wherein the fluid How bore comprises a main passage, an inlet end, and an outiet end,
wherein the mamn passage has a diameter largar than a diameter of the flow controd
elesnent, wherein one of the inlet and outlet ends has an inmermost diameter equal o
or larger than the diameter of the maio passage:

valve {riro comprising a downstrean seat and an upstream seat assembly, the downsiream
aeat disposed between the outlet end and the fow controd element for sealing between
the flow control element and the valve body, wherein the downstream seat comprises
a body seal to sealingly engage the valve body and a seat element having a sealing
surface to sealingly engage the flow control element, wherein the upstream seat
assembly, the flow control element. and at least the downsiream seat element are
removable from the valve body through one end of the flow bore, and

the upsiream seat assembly disposed in the roam passage between the indet end and the flow
controf element, the upstream seal assembly comprising a spring to bias an upstream
acat efement against the flow control element and the flow control elament against the
dowustrean seat element, whersin the fow control element Hoats between the
upsiream and downsiream seat elements; and

a retainer removably attached to the valve body about the fluid flow bore and having one or
more projections into the fow bore to secure the downstrears seal, the flow control
elernent, and the upsiream seat assembly in the flow bore and load the spring.

18 The valve of Embodiment 17, wherein the valve stem extends from the first end

through the stem bore to a second end selectively retained by a bracket spaced lateratly from

the valve body on a support.

i9, The valve of Embodiment 18, further conprising:

a shoulder formad on the stem adiacent the bracket with an enlarged outer diameter relative
1o a main diameter of the stem, wherein the chondder supports a firsi shde bearing
surface,;

a shear bushing having a central bore receiving the stem. wherein the shear bushing is

=

disposad batwesn the stem shoulder and the bracket, wherein the shear bushing
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supporis a second slide bearing surface opposing the first slide bearing surface,
wherein the shear bushing comprises one or more senimum oulside diameter portions
attermated with one or more lohes,

a bore formed through the bracket. the bracket bore having one or mare innermost diameter
portions corresponding to the one or more nunimum outside diameter portions of the
shear bushing and one or more laterally extending openiugs corresponding to the one
or more lohes of the shear bushing, wherein the ocuter diameter of the stem shoulder
and the nunimum outside diameter of the shear bushung are less than the mnermost
diameter of the bracket bore, wherein the one or more lobes extend radially beyond
the mpermost diamster of the bracket bore; and

whergin the shear bushing is rotatable on the stem with respect to the bracket between an
aligniment position wherein the one or more fobes and mintmam diamelier portions of
the shear bushing ave radially aligned with the one or more latevally extending
openings and munimum oulside diameter portions of the brackes bore to pass the stem
and shear bushing axially through the bracket bore, and a radially offset position
wherein the one or more lobes and winimum diameter portions of the shear bushing
are vadially offset with respect 1o the one or more laterally extending openings and

munimum outside diamster porfions of the bracket bore whersin the shear bushing and

7

tem are selectively retained by the bracket

20. The valve of anv of Embodiments 17-19, wherein the innermost diameter of the inlet end
is larger than the innermost diarneter of the outlet end, wherein the innermost diameter of the
outlet end is smaller than the main flow passage, and wherein the upsiream seat assembly.
flow control element, and the downstream seat element are removable through the inlet end.
2}, The valve of Embodiment 20, wherein the downsiream seat comprises a sealing element
to seal with the valve body.

22, The valve of Embodiment 21, wherein the downstream seat sealing element
comprises a gasket.

23 The valve of Embodiment 21, wherein the downstream seat sealing element
comprises a metat-lo-oetal sealing surface.

24. The valve of anv of Embodiments20-23, wherein at least a portion of the downstream
seat is secured to the valve body.

25 The valve of Embodiment 24, wherein the downstream seal comprises an assembly

comprising the downstream seat element and a seat land secured to the valve body, wherein
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the seat land and the downsiream seat element are sealingly engaged and the downstream seat
element is compressed between the seat land and the flow control clement.

26, The valve of Emabodiment 24 or Embodiment 25, wherein the at least a portion of the
downstream seat {preferably the seat land) is press-fit mto an entry bore formed in the outlet
end adjacent to the main passage.

27. The valve of Embodiment 26, wherein the downstream seat comprises a lapered
press-fit cone in a correspondingly tapered entrv bore in the outlet end.

28. The valve of Embodiment 27, wherein the cone comprises ridges to form a
tabyrinthine seal.

29 The valve of Emboditnent 24 or Embodiment 25, wherem the at least a portion of the
downsiream seat is threadedly received i an entry bore formed in the outlet end adjacent to
the main passage.

30, The valve of Embodiument 29, wherein the downstream seat comprises irapezoidal
screw threads to connect (o the outlet end

31, The valve of Embodiment 29, wherein the downstream seat comprises a flare fitting
threaded into the valve body.

32 The valve of anv of Emboduments 29-31, wherein the downstream seat comprises
mtermnal notching for mstallation with a square bar.

33. The valve of Embodiment 29, wherein the downstream seat comprises a double
ferrule tubing connection 1o seal the downsiream seat assembly to the valve body using a
replaceable angle cut gasket.

34, 'the valve of Embodiment 29, wherein the downstream seat comprises a lip seal
compressed by a threaded exterior.

35 The valve of any of Embodiments 29 1o 34, wherein the downstream seat comprises
an external hex cut profile (6 point or 12 point) for installation with a socket.

36. The valve of anv of Embodiments 24 o 35, wherein the downstream seat comprises
external notches.

37.  The valve of any of Embodiments 24 -36, wherein the valve is bidirectional, wherein
the upstream seat element has a sealing surface to sealingly engage the flow control elemend,
wherein the retainer comprises an annular plug having an enlarged end threadedly engaged in
the inlet end. and wherein a gasket is shouldered between the enlarged end of the plug and the
vatve body.

38 The valve of anv of Embodiments 24-36, wherein the upstream seat assembly further

comprises a spacer between the spring and the retainer.
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39. The valve of Embodiment 38, further comprising a pre-loading spring between the

spacer and the retainer.

49, The valve of Embodimnent 38 or Embodiment 39, wherein at least a portion of the

downstream seat is secured to the valve body, and wherein the downstream seat element has a

taper on an outer surface adjacent to the sealing swrface, the valve turther comprising:

a cartridge assembly comprising a sleeve around the flow control element and at least a
portion of the upstream seat assembly, wherein the sleeve has a cylindrical profile
with an outside diameter matching or less than the main passage diameter and
comprises radially spaced arms extending axially from a base at a first end adjacent
the spacer to a second end engaging the downstream seat element;

wherein the arms are bendable to a small angle with respect to a longitudinal axis to hold the
flow control element and the upstream seat assembly in an instaliation configuration,
and wherein tnstaliation of the cartridge assembly in the installation configuration
through the inlet end of the flow bore causes the second ends of the arms to contact
the taper, spread the arms apart, and release the flow control element to float between
the upstream and downstream seat elements.

41 The valve of Embodiment 40, wherein the spacer comprises a distal portion having an

ouiside diameter matching the diameter of the main passage and a proximal portion having a

smaller diameter, wherein the base comprises a ring tightly fitted arcund the proximal portion

of the spacer.

42. The valve of Embodumnent 41, wheremn the sleeve 1s formed from rolled metal and the

arms are radially spaced apart on either side of the recess in the flow control element.

43 The valve of Embodiment 41, wherein the base comprises an annular disc engaging a

distal end of the spacer and the arms are radially spaced apart on either side of the recess in

the flow condrol element.

44 A method of assembling the valve of anv of Embodiments 20 1o 43, comprising the

steps of:
mstatling the downstream seat info the main passage adjacent the outlet end for

sealing engagerment with the valve body;
installing the flow control element into the main passage against the downstream seat;
installing the upsiream seat assemblyv into the main passage against the flow control

clement; and
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mstalling the retainer and loading the spring to bias the upstream seat element against
the flow control element and the flow control clement against the downstream
seal element.
45, The method of Embodiment 44, wherein the downstream seat, the flow control
element, and the upstream seat assembly are sequentially installed through the inlfet end of the
flow bore.
46, The method of Embodiment 44 or Embodiment 45, wherein installing the downstream
seat comprises securing the downstream seat to the valve body adjacent the ouilet end.
47 The method of Embodiment 46, comprising press-fitting at least 8 portion of the
downstream seat imnto an eniry bore in the outlet end.
48, The method of Embodiment 46, comprising threading at least a portion of the
downsiream seat inio an entry bore in the outist end.
49, The method of Embodiment 48, wherein the threading comprises engaging fntermal
notches with a square bar for rotation.
50. The method of Embodiment 48, wherein the threading comprises engaging an
external hex profile with a socket for rotation.
51 The method of Embodiment 48, wherein the threading comprises engaging radially
spaced external notches with atool for rotation.
52, The method of any of Embodiments 44 to 51, wherein the valve comprises a hub end
connector on the valve body at the inlet end, and the installation of the retainer comprises
claroping a tool to the nlet bub end connector, wherein the tool coroprises a blind cover
clamped to the inlet end with a threaded bore receiving a threaded member having a plate on
one end and advancing the threaded member through the threaded bore to push the retainer
with the plate into posttion in the inlet end.
33 The method of anv of Embodiments 44 {o 52, whercin the upstream seat assembly
further comprises a spacer between the spring and the retainer, wherein at least a portion of
the downstrean seat is secured to the valve body. and wherein the downstream seat element
has a taper on an outer surface adjacent to the sealing surface; the method further comprising:
providing a cartridge assembly comprising a sleeve around the flow control element and at
least a portion of the upstream seat assembly, wherein the sleeve has a cyvlindrical
profile with an cutside diameter matching or less than the main passage diameter and
comprises radially spaced arms extending axially from a base at a first end adjacent

the spacer to a second end extending bevond the flow control element, wherein the
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arms are bent to a small angle with respect to a longitudinal axis to hold the flow
control element and the upstream seal assembly in an installation configuration; and
installing the cartridge assembly in the installation configuration through the inlet end of the
flow bore to cause the second ends of the arms to contact the taper, spread the arms
apart, and refease the flow control element to float between the upstream and
downstream seaf elements.
54. A method of servicing the valve of any of Embodiments 20 to 43, comprising the
steps of:
removing the retainer;
removing the upstream seat assembly from the main passage;
removing the flow control element from the main passage; and
removing at least a seat element of the downstream seat from the main passage.
55. The method of Embodiment 54, wherein the upstream seat assembly, the flow control
elernent, and the downstream seat are sequentially reroved through the nlet end of the flow
bore.
36. The method of Embodiment 54 or Embodiment 53, wherein removing at least the
downstream seat element cornprises removing the downstream seat.
57 The method of Embodiment 54 or Embodiment 35, wherein removing at least the
downsiream seat element comprises removing the downstream seat element separately from a
portion of the downstream seat secured to the valve body.
58. The method of Embodiment 57. wherein removing at least the downstream seat
element further comprises unscrewing the secured portion of the downstream seat from an
entrv bore in the outlet end.
59. The method of Embodiment 58, wherein the unscrewing comprises engaging internal
notches with a square bar for rotation.
60, The method of Embodiment 58, wherein the unscrewing comprises engaging an
external hex profile {6 point or 12 point, e.g.) with a socket for rotation.
s The method of Embodiment 38, wherein the anscrewing comprises engaging radially
spaced external notchies with a tool for rotation,
62. The method of Embodiment 57, wherein removing at least the downstream seat
glement further comprises hammering at least a press-fit portion of the downstream seat from
an eniry bore in the outlet end.
63. A repairable valve assembly system, comprising components adapied fo be assembled

together into a repairable valve. the components comprising:
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avalve body with an axial fluid How bore therethrough, wheretn the fnid flow bore
comprises  nuan passage, an inlet end, and an cutlet end;
a downstream seal adapled 1o be inserted into the main passage through the inlet end and at
feast a portion of the downsiream seat sealingly secured to the valve body adiacent the
outlet end, whersin the downstream seat comprises a seat element having a sealing
surface to sealingly engage a flow control element and a tapered outer surface
adjacent the sealing surface. wherein at least the downstream seat element is
removable from the valve body through the inlet end;
a cartridge assembly adapted {0 be inserted into the main passage through the inlet end, the
cariridge assembly comprising:
the flow control element, wherein the flow conirol element has a diameter less than
the diameter of the main passage;

an upstream seat assebly comprising an upstream seat elervent having a swrface to
engage the flow control element, an annular spacer having an outside diameter
{arger than the flow control element, and a spring disposed between the spacer
and the upsiream seat element; and

a slegve receiving the flow control element and at least a portion of the spacer,
wherein the sleeve comprises radially spaced arms extending axially from a
base at a first end adjacent the spacer to a second end extending bevond the
flow control element;

wherein the arms are positioned at a small angle with respect to a longitudinal axis 1o
hold the flow control element in engagement with the upstream seat element,
the upstream seat element in engagement with the spring, and the spring in
engagement with the spacer in an installation configuration; and

wherein installation of the cartridge assemibly 1n the installation configuration through
the inlet end of the flow bore causes the second ends of the arms to contact the
taper, spread the arms apart, and release the flow control element to float
between the upstream and downstream seat elements; and

g retainer adapted 1o be reroovably attached to the valve body about the fuid flow bore and

having one or more projections into the flow bore 1o secure the downsiream seat, the

flow controf elament, and the upstream seat assembly in the fow bore and joad the

spring.

64, The repairable valve assembly system of Embodiment 63, wherein the spacer

comprises a distal portion having an outside diameter matching the diameter of the main
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passage and a proximal portion having a smaller diameter, wherein the base comprises a ring
tightly fitted around the proximal portion of the spacer.

65, The repairable valve assembly systern of Erobodiwent 64, wherein the sleeve 1g
formed from rolied metal and the arms are radially spaced apart on either side of the recess in
the flow control element.

66, The repairable valve assembly system of Embodiment 63, wherein the base comprises
an annular disc engaging a distal end of the spacer and the arms are radially spaced apart on
etther side of the recess in the flow control element.

67 The repairable valve assembly system of any of Embodiments 63 1o 66, wherein the
downstream seat corprises an assembly compnsing the downstream seat element and a seat
lard adapted to be secured 1o the valve body, wherein the seat land and the downstream seat
element are adapted for sealing engagement and compression of the downstream seat element
between the seat land and the fow control element.

68, The repairable valve assembly system of Embodiment 67, comprising an entry bore
formed in the ocutlet end of the valve body adjacent to the main passage, wherein the seat land
is adapted to be press-fit into the entry bore.

69 The repairable valve assembly systern of any of Embodiments 63 {0 66, comprising a
tapered entry bore formed in the outlet end of the valve body adjacent fo the main passage,
wherein the downstream seat comprises a correspondingly tapered cone adapted to be prass-
fit in the entry bore.

7¢. The repairable valve assembly sysiem of Embodiment 63, wherein the cone comprises
ridges adapted to form a labyrinthine seal.

71, The repairable valve assembly system of any of Embodiments 63 to 66, comprising a
threaded entry bore formed in the outlet end of the valve body adjacent to the main passage,
wherein al least a portion of the downstream seat 1s adapled 1o be threadedly received in the
entrv hore.

72. The repairable valve assembly system of Embodiment 71, wherein the downstream
seat comprises trapezoidal screw threads.

73, The repairable valve assembly system of Embodiment 72, wherewn the downstream
seat comprises a flare fitting adapted to be threaded into the entrv bore.

74. The repairable valve assembly system of any of Embodiments 71 to 73, wherein the

downstream seat comprises internal notching for installation with a square bar.

75, The repairable valve assembly system of any of Embodiments 63 to 74, further
comprising:
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valye

stem having a fivst end adapted o engage the How control element for rotation

thereof, the stern adapted to extend frony the {irst end through a stem bore in the valve

body 0 a second end gway frore the valve body;

wherain the valve stem is selectively retainable in or removable from the stem bore.

The repairable valve assambly aystem of Embodiment 75, wherein the vaive stem is
selectively retainable by a bracket spaced laterally from the valve body ona support.
The repairable valve assembly sysiem of Enmbodiment 76. wherein the bracket is
preferably integral with the valve bodyv: wherein the repairable valve assembly system

fusther comprises:

a shoulder formed on the stem adiacent the bracket with an enlarged outer diameter relative

to a matn diameter of the stern, wherain the shoulder supports a first slide bearing

surfacs;

a shear bushing having a central bore vecetving the stem, wherein the shear bushing s

adapted to be disposed between the stem shoulder and the bracket, wherein the shear
bushung supports a second shide bearing surface opposing the first slide bearing
surface, wherein the shear bushing comprises one or more minimum ouiside diameter

portions alternated with one or more lobes:

a bore formed through the bracket. the bracket bore having one or more innermost diameter

portions corresponding to the one or more miunimum outside diameter portions of the
shear bushing and one or more laterally extending openings corresponding {o the ong
or more lohes of the shear bushing, wherein the outer diameter of the stero shouider
and the nunimum outside diameier of the shear bushing are less than the mnermost
diameter of the bracket borg, wherein the one of more lobes extend radially beyond

the mnermost diamneter of the bracked bore, and

wherein the shear bushing 15 rotatable on the stem with respect 1o the bracket betwesn an

aligniment position wherain the one or more lobes and nunimum diameter portions of
the shear bushing are radially aligned with the one or more laterally extending
openings and muninni ouiside diameter portions of the bracket bore adapted 10 pass
the stern and shear bushing axially through the bracket bore, and a radially offset
position wherein the one or more lobes and mintmum diameter portions of the shear
bushing are radially offset with respaet to the ons or more laterally extending
opentngs and mintmum outeide diameter portions of the bracket bore wherein the

shear bushing and stem arg adapted 1o be salectively retained by the bracket.
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78, The repairable valve assembly system of Embodiment 77, comprising diametnecally
opposad pairs of the mimumurn diameter portions and the Jobes of the shear bushing,
preferably wherein the shear bushing and the bracket bore have a butterfly profile.
79 The repairable valve assembly systermn of Embodiment 77 or Embodiment 78, further
comprising a threaded member adapied to extend through a retention bore in the bracket into
at teast one of the one or more lobes of the shear bushing to retaim the shear bushing 1n the
radially offset position.
R0, The repairable valve assembly system of any of Embodiments 77 to 79, wherein the
bracket and support define an open access ares between the bracket and the valve body, and
wherein the svstem further comprises:
a packing bore formed in the valve body coaxial with the stem bore;
one or more packing rings adapted to be disposed about the stem in the packing bore to form
a seal between the stem and the valve body;
a packing gland adapted to be posinoned arcund the stem to load the packing vings:
a gland flange 1n the open access area adapted o be securad to the valve body around the
stern to foad the packing gland; and
preferably one or more hve loading springs adapted 1o be disposed bebween the gland flange
and the packing gland.
81.  The repairable valve assembly system of Embodiment 80, wherein the shear bushing
and the packing rings are contiguous.
R2. The repairable valve assembly sysiem of any of Embodiments 63 to 81, wherein the
valve body comprises clamping hubs at the inlet and outlet ends of the fluid flow bore.
83. A method of assembling a repairable valve from the components of the system of
Embodiment 63, comprising the steps of!
installing the downstream seat through the indet end and securing at least a portion of
the downstream seat in sealing engagement with the valve body;
inserting the cartridge assembly through the inlet end and into the main passage until
the arms contact the taper of the downsiream seat slement;
advancing the cartridge asserbly to spread the arms apart and release the flow control
element and the upstream seat element; and
installing the retainer through the inlet end to load the spring and bias the upstream
seal element against the flow control element and the flow control element

against the downstream seat element.
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84. The method of Embodiment 83, wherein the spacer comprises a distal portion having
an outside diameter matching the diameter of the main passage and a proxumal portion having
a sroaller diameter, wherein the base comprises a ring, and further comprising tightly fitting
the ring arcund the proximal portion of the spacer.

85, The method of Embodiment 84, wherein the sleeve is formed from rolled metal and
the arms are radially spaced apart on either side of the recess in the flow control element.

36, The method of Embodiment 83. wherein the base comprises an annular disc, and
further comprising engaging a distal end of the spacer with the annular disc, and radially
spacing the arms apart on either side of the recess in the flow control element.

87. The method of any of Embodiments §3 1o 86, wherein the downsirearn seat corprises
an assembly comprising the downstream seat element and a seat land, and further comprising
securing the seat land to the valve body, sealingly engaging the seat land and the downstream
seat element and compressing the downstream seat elerment between the seat land and the
flow control element.

88 The method of Embodiment 87 further comprising forming an entry bore in the outlat
end of the valve body adjacent to the main passage, and press-fitting the seat land into the
entry bore.

89, The method of any of Embodiments 83-86, further comprising forming a tapered
entry bore i the outlet end of the valve body adjacent to the main passage, wherein the
downsiream seat comprises a correspondingly tapered cone adapted to be press-fit in the
entrv bore.

90.  The method of Embodiment 89, wherein the cone comprises ridges and further
comprising forming a fabyrinthine seal.

91, The method of any of Embodiments 83 to 86, further comprising forming a threaded
entry bore i the outlet end of the valve bodv adjacent to the main passage, and threadedly
receiving at least a portion of the downstream seat in the entiv bore.

Q2. The method of Embodiment 91, wherein the downstream seat comprises trapezoidal
screw threads.

93. The method of Embodiment 92. wherein the downstream seat comprises a flare fitting
and further comprising threading the tlare fitting into the entry borg.

94. The method of anv of Embodiments 91 to 93, wherein the downstream seat comprises
mtemal notching, and further comprising installing the downstream seat with a square bar.
55 The method of any of Embodiments 83 to 94, wherein the valve further comprises a

valve stem having first and second ends, further comprising formung a stem bore through the
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valve body, engaging the flow control elemant with the first end of the valve stem for rotation
of the How control slement, extending the valve stem from the first end throogh the siew bore
to a seconvd end away from the valve body, and selectively retaining or removing the valve
sten i or from the stem bore.

a6, The method of Embodiment 93, wherein the valve stem i3 selectively retainable bv a

bracket spaced laterally from the valve body on a sopport.

D
-3

The method of Embodiment 96. wherein tha bracket is preferably integral with the

valve body; and further comprising

forming a shoulder on the stem adpacent the bracket with an enlarged outer duameter velative
o o main diameter of the stemy;

supporting a first slide bearing surface on the shounlder:

recetving the stem 1 a central bore of a shear bushing.

disposing the shear bushing between the stem shoulder and the bracket;

supporting a second slide bearing surface on the shear bushing opposing the first shide
bearing swface,

alternating one or more minimum outside diameter porfions of the shear bushing with one or
more lobes;

forming a bore through the bracket. wherein the bracket bare has one or more innermost

diameter porlions corresponding o the one or more nunimum outside diametsr

portions of the shear bushing and one or more laterally extending openings

corresponding to the one or more lobes of the shear bushing. whereain the outer

diameter of the stem shoulder and the minimum outside diametsr of the shear bushing

are fess than the munermost diameter of the bracket bore, wherein the one or more

Iobes extend radially beyond the innermost diameter of the bracket bore;

rotating the shear bushing on the stem wiih respect 1o the bracket to an alignment position
wherein the one or more {obes and miruom diameter portions of the shear bushing
are radialty aligned with the one or more faterally extending openings and minimuom
outside diameter portions of the bracket bore and passing the stem and shear bushing
axially through the bracket borg; and

refating the shear bushing on the stera with respect to the bracket to a radially offset position
wherein the one or more lobes and munimuom diameter portions of the shear bushing
are radially offset with respect to the one or more laterally extending openings and
nunimum outside diameter portions of the bracket bore and retaining the shear

bushing and siam with the bracket.
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9%, The method of Embodiment 97, whergin the valve comprises diametrically opposed
pairs of the minumurn darmeter portions and the lobes of the shear bushung, preferably
wherein the shear bushing and the bracket bore have a butterflv profile.
09, The method of Embodiment 97 or Embodiment 98, further comypiising exiending a
threaded member through a retention bore in the bracket innio at 1easi one of the one or more
tobes of the shear bushing o retan the shear bushing in the radially offset position,
100, The method of anv of Embodiments 97 to 99, wherein the bracket and support define
an open access area between the bracket and the valve body. and further comprising:
forming a packing bove 1n the valve body coadial with the stem bore;
disposing one or uore packing rings about the stem in the packing bore to form a seal
between the stem and the valve body;
positioning a packing gland aroand the stem fo foad the packing rings:
securing g gland flange in the open access area to the valve body around the stem o load the
packing gland, and
preferably disposing one ot more live loading springs batween the gland flange and the
packing gland.
101 The wethod of Embodiment 100, wherein the shear bushing and the packing rings are
configuous,
102, The method of any of Embodiments 83 to 101, wherein the valve body comprises
clamping hubs at the inlet and outlet ends of the fluid flow bore.
103, The method of anv of Embodiments 83 to 102, further comprising disassembling the
repairable valve, comprising the steps of:
removing the retainer through the inlet end;
emoving the sleeve, spacer, upstream seat elernent and flow control element through
the inlet end; and
removing the downstream seat element through the inlet end.
104, A tadirectional valve comprising;
a valve body with an axial furd flow bore therethrough,
g spherical flow controd elernent disposed i the flow bore and rotatable between open and
closed positions;
a bracket spaced faterally from the valve body on a sapport;
avalve stem having a fivst end engaging the flow control element for rotation thereof, the
stem extending from the first end through a stem bore in the valve body to a second

end adjacent to the bracket;
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a shoulder formed on the stem adiacent the bracket with an enlarged outer diameter redative
o a main dismeter of the stern, wherein the shoulder supports 2 fust slide bearing
surface;

a shear bushing having a central bore receiving the stem. whergin the shear bushing is
disposad batwesn the stem shoulder and the bracket, wherein the shear bushimg
supports & second shde bearing swrface opposing the fust shide bearing surface,
wherein the shear bushing comprises one or more minunmun muiside diameter poriions
alternated with one or more lobes;

a bore formed through the bracket. the bracket bore having one or more innenmost diameter
portions corresponding to the one or more nunimurs outside diameter portions of the
shear bushing and one or mere laterally extending openings corresponding to the one
ot more lobes of the shear bushing, wherein the cuter dizaneter of the stem shoalder
and the munimum outside diameter of the shear bushing are less than the inneroost
diarveter of the bracket bore, wherein the one or more lohes extend radiallv heyvond
the innermost diameter of the bracket bore; and

wherein the shear bushing 1s rotatable on the stem with respect o the bracket betwesn an
aligriment posifion wherein the one or more Iobes and manimum diameter portions of
the shear bushing are radially aligned with the one or more laterally extending
openings and minimum cuiside diameder portions of the bracket bore to pass the stem
and shear bushing axialy through the bracket bore, and a radially oiffset postiion
wherein the one or more lobes and nunimum diameter poriions of the shear bushing
are racially offset with respect to the one or more laterally exiending openings and
st oudside diameter portions of the bracket bore wherein the shear bushing and
stern are selectively retaned by the bracket:

wherein the fuid Qow bore comprises a main passage, an wnlet end, and an cutiel end.
wherein the main passage has a diameter larger than g diameter of the flow costrol
alement, wherein the miet end has an mnermost diameter equal 1o or larger than the
diameter of the mam passage, wherein the innermost diameter of the inlet end s
targer than the innermost diameter of the outlet end, wherein the innermost diameter
of the outlet end 15 smaller than the main flow passage. and wherein the upstream seat
assembly. flow control element, and the downstream seat element are removable
through the inlet end;

valve trim comprising a downstream seat and an upstream seat assembly, the downsiream

seat disposed between the outlet end and the flow contrad element fow sealing between
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the flow control element and the valve bodv, wherein the downstream seat comprises
a body seal to sealingly engage the valve body and a seat element having a sealing
surface to sealingly engage the flow control element, wherein the upstream seat
assembly, the flow conirol element, and at least the downstream seat element are
removable from the valve body through one end of the flow bore, wherein at least a
portion of the downstream seat 1s secured to the valve body; and

the upsiream seat assembly disposed in the main passaze batwean the mlet end and the flow
control element. the upstream seat assentbly comprising a spring 1o bias an upsiream
seat element against the flow control element and the How control element against the
downstream seat element. wheren the How control element floais befween the
upsirean and downsireant seat elements; and

a retainer remoevably attached 1o the valve body about the finid flow bore and having one or
more projections o the flow bore to secure the downstream seat, the fow control
element, and the upstrearn seat assembly i the How bore and Ioad the spring;

wherein the upstream seat clement has a sealing surface to sealingly engage the flow control
element, wherein the retainer comprises an annudar plug having an enlarged end
threadedly engaged in the inlet end. and wherein a gasket is shouldered between the
enlarged end of the plug and the valve body.

{6223} The invention is desciibed above in reference to specific examples and embodiments.

The metes and bounds of the mvention are not 1o be limited by the foregoing disclosure, which

i iltustrative only, but should be determined in accordance with the full scope and spint of the

appended claims. Various modifications will be apparent to those skilled in the art in view of

the description and examples. It is intended that all such vartations within the scope and spirit

of the appended claims be erabraced thereby.
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CLAIMS

We claim:

[ A valve (100) comprising:

a valve body (102} comprising a flow bore (104) and a ster bore {138);

a flow control element {106) rotatably disposed in the flow borg;

a bracket (150} fixedly supported from the valve body and comprising a stern opening (162)
aligned with the stem bore;

a valve stem {108} rotatably disposed in the stem bore and comprising a first end (160)
disposed in a central bore (193} of a shear bushing adjacent the bracket, a stem shoulder
{182) to engage the shear bushing adjacent the first end, and a second end (156) engaging the
flow control element; and

a bushing profile {187} of the shear bushing cooperating with an opening profile (163) of the
stem opening for selective retention and release of the valve stem, wherein the shear bushing
is rotatable between a stem release position (165), wherein the bushuing profile 1s aligned with
the opening profile and the shear bushing can pass through the stem opening, and a stem
retention position {167}, wherein the bushing profile is offset with respect to the opening
profile and the bracket and stem shoulder engage opposite sides of the shear bushing to retain

the valve stern in the stem bore.

2. The valve of claim 1, wherein:

the bushing profile comprises a nunor outside diameter (OD) (190a), a major OD (1924a), and
one or more minor OD portions (190) along the nunor O altermnated with one or more lobes
{192) extending radially from the minor D to the major OD;

the opening profile comprises a minor inside diameter (1D} (194a) larger than the minor 0D,
a mgor 1D (194b) larger than the rogjor O, one or more munor 1D portions (193a} along the
minor i alternated with one or more major 1D portions (195b) along the major {3, and one
or more opening passages {194} extending radially from the minor ID to the major ID;
preferably wherein the bushing profile and the opening profile comprise diametrically
opposed paurs of the minor OD portions, the lobes, the nunor 1D portions, and the opening
passages, wherein the lobes are smaller than the opening passages:

more preferably wherein the bushing profile and the opening profile comprise matching

buiterfly profiles.
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3. The valve of claim 1, comprising a bushing retention member (196) securing the shear
bushing in the stem retention position, preferably wherein the bushing retention member 1s
clongated to extend through a first retaiming bore (197A) formed in the bracket into or
adjacent to the lobes, more preferably wherein the elongated bushing retention member is

threaded and extends into a second retaining bore (197B) formed in one of the lobes.

4. The valve of claim 1, comprising:

a packing bore {170) formed in the valve bodv coaxial with the stem bore;

one or more contiguous packing rings (168) disposed around the valve stem in the packing

bore 1o form a seal between the valve stem and the valve body;

a packing gland {166} positioned around the valve stem;

a gland flange (174) in an open access area between the bracket and the valve body secured
10 the valve body around the valve stem; and

one or more tive loading springs (180, 180A, 180B) disposed between the gland flange and

the packing gland to load the packing gland and the packing rings.

5. The valve of claim 1, wherein the valve body s a single piece body, the bracket ig

integratly forged with the valve body, and the shear bushing is contignous.

. The valve of claim 5, comprising:

valve trim (117 compnising the flow conirol element, a downsiream seat (110} to form a seal
between the valve body and the flow control element. and an upstream seat {112) that 13
spring-driven to bias the flow control element against the downstream seat, wherein the flow
control element floats between the upstream seal and the downsiream seat;

wherein the valve trim 15 insertable info the flow bore through one end of the flow bore:
wherein the upstream seat and the flow control element are removable through the one end;
and

a retainer (132} having an anmuilar structure in the one end to secure the valve trim in the flow
baore, preferably a retaining ring in a groove (134) in the one end or a threaded member (408)
threadediv engaged in the one end.

7 The valve of claim 6, wherein the valve trim comprises a cartridge assembly (304,
353, 368, 612) comprising the flow control element, the upstream seat, and a sleeve (306,

332} to hold the flow control element and the upstream seat fogether in relative position for

78



WO 2024/102377 PCT/US2023/036972

insertion through an nlet bore (116} of the flow bore into a main bore {118} of the flow bore,
wherein the sleeve s expandable to release the flow control element 1o float between the

upstream seat and the downstrear seal.

8. The valve of claim 7, comprising:

au entry bore (128) to an outlet bore (118) of the flow bore;

wherein the downstream seat comprises an annular seat body {600, 650} having a
downstream sealing surface {124} to sealingly engage the flow control element and an
attachment end (601, 653} for removably secuning the anmular seat body in the entry bore;
wherein the attachment end and the entry bore are threaded for threaded engagement; and
wherein the annular seat body comprises internal notching (660} for installation with a square

bar inserted through the inlet bore.

g. The valve of claim 7, comprising:

an entry bore (384} to an outlet bore (118} of the flow bore;

wherein the downstream seat comprises an annular seat body (380, 5503 comprising a
downstream sealing surface (124) 1o sealingly engage the flow control element and an
attachment end (381) for removably securing the annular seat hody in the entry bore;
wherein the entry bore comprises a female machine tapered cone (384A) and the attachment
end comprises a male machine tapered cone (385, 554), wherein the attachment end i3
recerved in the entry bore in an interference fit;

preferably wherein the male machine tapered cone comprises ridges 552 to form a

labyrinthine seal.

10, The valve of claim 6, wherein the downstrear seat comprises a downsirear seat land
{702} secured in an entrv bore {704) to an outlet bore of the flow bore and a seat body
comprising a downstream seat element to sealingly engage the flow control element, wherein
the seat land and the seat body have opposing lapped surfaces for sealing engagement,
preferably wherein the seat land s press fit indo the entry bore, preferably wherein the

downstrean: seat element compiises external notches (708) to facilitate lapping.
IL The valve of claim 6, wherein:

the downstream seat comprises a threaded element (423 A, 757, §14) threadedly received in

an eniry bore (423, 762. 810} to an outlet bore (114} of the tlow bore, and an external

79



WO 2024/102377 PCT/US2023/036972

polygonal cut profile (428, 770, 818}, preferably a hex cut profile, for installation with a

socket inserted through the inlet bore.

12 The valve of claim 5, comprising:

whergin the flow bore comprises a central bore and first and second end bores, wherem the
ceniral bore has an inside diameter (ID} larger than an ID of the first end bore and smaller
than an ID of the second end bore;

a first seat for sealing engagement between the flow control element and the valve body
adjacent the first end bore comprising a first seat body having a first sealing surface for
sealingly engaging the flow control elernent and an attachment end releasably secured fo the
valve body;

a second seat comprising a second seat body having a second sealing surface for sealingly
engaging the flow control elerent;

a seat spring to bias the second seat body against the flow control element, wherein the flow
control element floats between the first seat and the second seat;

an annuiar plug in sealing engagement with the valve body, the annular plug having an outer
end threadedly engaged n the second end bore and an inner end in engagement with the seat
spring; and

an upstream seat land between the second seat body and the inner end of the annular plug for
sealingly engaging the second seat body and the inner end of the plug, wherein the inner end
Toads the seat spring against the second seat body to sealingly engage the first slement when a
fluid pressure is higher in the second end bore relative to the first end bore, and wherein the
upstream seat land sealingly engages the second seat body and the inner end of the annular
plog when a fluid pressure higher in the first end bore relative (o the second end bore

compresses the seat spring.

i3, The valve according to anv one of claims 1 to 12, comprising clamping hubs formed

on the valve body at inlet and outlet ends of the flow bore.

14. A method of inserting a valve stem in a valve, comprising:

installing a flow control element i a flow bore through a valve body;

mnserting a first end of a valve stem inio a ceniral bore of a shear bushing;

nserting the valve stem mto a stem opening through a bracket fixedly supported from the

valve body;
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radially aligning the shear bushing with respect to the bracket int a stem release position
wherein a bushing profile of the shear bushing cooperates with an opening profile of the stem
opening for avial passage of the shear bushing through the slem opening:

axially positioning the shear bushing between the bracket and a stem shoulder on the valve
siem;

inserting a second end of the valve stem into a stern bore through the valve body {o engage
the flow control element; and

rotating the shear bushing info a stem retention position wherein the bushing profile is offset
from the opening profife and the bracket and a stem shoulder on the valve stem engage

oppostie surfaces of the shear bushing to retaim the valve stem in the stema bore,

IS. The method of inserting a valve stem in a valve of claim 14, wherein the flow control
element is installed 1 the flow bore prior (o the engaging of the flow control element with the

second end of the valve stem.

16, The method of inserting a valve stem in a valve of claim 14, comprising securing the

shear bushing from rotation 1o retain the shear bushing in the stem retention position.

17. The method of inserting a valve stem in a valve of claim 16, comprising:

passing the second end of the valve stem through a packing gland in an open access area
between the bracket and the valve body;

positioning one or more contiguous packing rings on the second end of the valve stem in a
packing bore; and

securing a gland flange to the valve body and posttioning live loading springs between the
gland flange and the packing gland to bias the packing ¢gland aganst the one or more packing

Tings.

I8 The method of inserting a valve stem in a valve of any one of claims 14 to 17,
comprising inlegrally forging the bracket with the valve body, fornung the stem opening
through the bracket. and forming the stem bore through the valve body in alignment with the

stem opening.

9. The method of inserting a valve stem in a valve of any one of claims 1410 17,

comprising removing the valve stem from the valve, comprising:
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rotating the shear bushing with respect to the bracket from the stem retention posttion into the
stem release position;

passing the shear bushing axially through the siem opening away from the valve body;
disengaging the second end of the valve stem from the flow control element; and

removing the valve stem from the stem bore.

24, The method of inserting and removing a valve stem from a valve of claim 19,
comprising:

after removing the valve stem from the valve bore, inspecting, replacing, or inspecting and
replacing, one or more contiguous packing rings on the second end of the valve stem;
positioning the shear bushing in the stem release position and passing the shear bushing
through the stem opening toward the valve body, positioning the shear bushing between the
bracket and the steru shoulder, inserting the valve stem through the stem bore, engaging the
flow control element with the second end of the valve stem, and positionming the one or more
packing rings in the packing bore: and

rotating the shear bushing into the stem retention position.

2% The method of 1nserting and removing a valve stern from a valve of claim 20,
comprising:

disengaging a gland flange from the valve body, prior to removing the valve stem from the
stemn bore; and

after inspecting, replacing, or inspecting and replacing one or more contiguous packing rings,
inserting the valve stem through the stem bore and positioning the one or more packing rings
in the packing bore, posttioning live loading springs between the gland flange and a packing
gland. and securing the gland flange to the valve body to bias the packing gland against the

one or more packing rings.

22. A method of assembling and disassembling a valve, comprising:

integrally forging a valve body with a bracket supported from the valve body;

forming a flow bore through the valve body;

forming a stem opening through the bracket;

forming a stem bore in the valve body to the flow bore in alignment with the stem opening;
inserting valve trim through one end of the flow bore, wherein the valve trim comprises a

flow control element, a downstream seat to form a seal between the valve body and the flow
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control element, and an upsiream seat to bias the flow control element against the
downstream seat, wherein the flow control element {loais between the upsiream seat and the
downsiream seat;

msialling a retainer having an annular structure;

inserting a first end of a valve stem into a central bore of a shear bushing;

inserting the valve stem into the stem opening;

radially aligning the shear bushing with respect to the bracket in a stem release position
wherein a bushing profile of the shear bushing cooperates with an opening profile of the stem
opening for axial passage of the shear bushing through the stem opening;

axially positioning the shear bushing between the bracket and a stem shoulder on the valve
stemy;

inserting a second end of the valve stem into the stem bore 1o engage the flow control
elersent:

rotating the shear bushing into a stem retention position wherein the bushing profile is offset
from the opening profile and the bracket and the stem shoulder engage opposife surfaces of
the shear bushing to retain the valve stem in the stem bore;

engaging a bushing retention member 1o secure the shear bushing in the stem retention
position:

twrning the valve stem to rotate the flow control slement between open and closed positions;
disengaging the bushing retention member;

rotating the shear busing into the stem release position;

passing the shear bushing through the stem opening away from the valve body to disengage
the second end of the valve siem from the flow control element and remove the valve stem
from the siem bore,;

removing the retamer from the one end:

removing the upstream seat assembly and the flow control element through the one end; and

removing at feast a portion of the downstream seat through the one end.

Z3. The method of assembling and disassembling a valve of claim 22, wherein inserting
the valve frim through the one end comprises inserting a cartridge assembly comprising the
flow control element, the upstream seat. and a sleeve to hold the flow conirol element and the
upstream seat together in relative position for the msertion into the flow bore, and expanding
the sleeve to release the flow control element to float between the upstream seat and the

downsiream seat.
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24, The method of assernbling and disassembling a valve of claim 22, comprising
securing a downsiream seat land in an entry bore to an outlet bore of the flow bore, disposing
a downstream seat element between the flow control element and the downstream seat land to
sealingly engage the flow control element and sealingly engage opposing lapped surfaces
formed on the downstream seat land and the fow control element, preferably comprising

press-fitting the downsiream seat land into the entry bore.

25. The method of asserobling and disassembling a valve of claim 22, comprising
threadedly receiving a threaded element of the downstrearn seat in an entry bore to an outlet
bore of the flow bore, and engaging an external polygonal cut profile of the downstream seat
with a socket inserted through the inlet bore to rotate the threaded element.

24. The method of assembling and disassembling a valve of claim 22, comprising
forming a seal between with the upstream seat and the flow control element, and threadedly

engaging the retainer in the one end of the flow bore.

27 A repatrable valve assembly system, comprising components for assembly together
into a repairable valve, the componenis comprising:

a spherical flow control element {106} with a flow control bore (107) therethrough,

a valve stem (108) to engage the flow control element;

a valve body (102, 382) comprising a flow bore (104} to rotatably receive the flow control
element and a stem bore {158) fo rotatably receive the valve stem, the flow bore comprising a
main bore (114), an infet bore (116}, and an outlet bore (118);

a downstream seat {110) comprising a seat body (120) for sealing engagement with the valve
body adjacent the outlet bore having a sealing surface 124 to sealingly engage the flow
control element and an outwardly tapered surface {(330) adjacent the downstream seat
elerment;

an upstrearn seatl assembly (302) comprising an upsirearn seat element (140) to engage the
flow control element, a seat spring (136} to bias the upstream seat element, and an annular
spacer {138) following the spring;

a cartridge assembly (304, 353) imsertable into the inlet bore comprising a sleeve (306, 352}

engaging the annular spacer and the flow control element to hold the upstream seat element
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and the seat spring between the annular spacer and the flow control element for insertion into
the flow bore,

wherein the sleeve has a leading sleeve end to engage the outwardly tapered surface to
expand the sieeve and release the flow control element to float between the upstream seat
element and the downstream seat body; and

a vetainer (132) baving an anmdar structare for removable attachment in the inlet bore (o

secure the cartridge in the flow bore and load the seat spring.

28, The repairable valve assembly system of claim 27 comprising a pre-loading spring

{316) between the retainer and the annular spacer.

29 The repairable valve assembly system of claim 27 wherein the retainer comprises a

retaining ring and the inlet bore comprises a groove (134} to recetve the retaining ring.

30.  The repairable valve assembly system of claim 27 wherein the inlet bore and the main
bore comprise an inside diameter (1D} larger than an outside diameter (OD) of the flow
control element, wherein the anmdar spacer comprises an OB adjacent the TD of the nlet
bore, and wherein the annular spacer coraprises an 1D matching an ID of the flow control

bore.

3% The repairable valve assembly system of claim 30 wheremn the annular spacer
comprises an inwardly tapered entry section for fluid flow transition between the inlet end

and the ID of the annular spacer and preferably an acutely outwardly tapered exit section.

32 The repairable valve assembly systern of claim 31 wherein the seat spring comprises a
spring element adjacent the annular spacer having an OD less than an OD of the annular

spacer, and whersin the acutely outwardly tapered exit section centers the spring element.

33, The repairable valve assembly system of claim 30, wheretn the sleeve cornprises a
plurality of retention arms (308) extending forward from the annular spacer 1o respective
leading arm ends (376} and bending inwardly to a small angle o engage the flow control
element, wherein the retention arme are spread apart by engagement of the leading arm ends

with the outwardly tapered surface.
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34. The repairable valve assembly system of claim 33, comprising a tang (1573 on an end
of the valve stem, and a tang recess (164) in the flow control element to receive the tang,

wherein the retention arms are radially spaced apart on either side of the tang recess.

38, The repairable valve assembly system of claim 33, wherein the sleeve comprises a
sleeve base (310, 356) engaging the annular spacer and the retention arms extend from the

base.

36. The repairable valve assembly system of claim 35, wherein the annalar spacer
comprises a trailing porfion comprising the OD adjacent the 113 of the inlet bore and aleading
portion with a recessed OD, wherein the sleeve base compiises a 1ing (356) engaging the

leading portion and has an OD adjacent the ID of the inlet end.

37 The repairable valve assembly system of claim 36, wherein the sleeve is formed from
rolled metal.

37A.  The repairable valve assembly systern of clairn 35, wherein the sleeve base comprises

an annlar disc (312) engaging a tratling end (139) of the anvular spacer.

38.  The repairable valve assembly system of claim 27, comprising an entry bore {128) to
an outlet bore of the flow bore, wherein the downstream seat comprises an annular seat body
having an attachment end for removably securing the annular seat bodyv in the entrv bore and

a sealing surface {124} {0 sealingly engage the flow control element.

33, The repairable valve assembly systern of claim 38, wheremn the attachment end and
the entrv bore are threaded for threaded engagement and wherein the annular seat body

comprises internal notching for instaliation with a square bar inserted through the inlet bore.

40, The repairable valve assembly system of claim 39, wheretn the aonular seat body
comprises a seat hodv flange between the attachment end and the downsiream seat element,
comprising a gasket for compression between the flange and an annular surface of the valve
body adjacent the outlet bore, preferably wherein the atiachment end comprises trapezoidal

screw threads.
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41 The repairable valve assembly system of claim 39, wherein:

the entry bore comprises:

a threaded section adjacent the main bore recetving a threaded portion of the seat body;

a cvlindrical section adjacent an 1D of the outlet bore receiving a cylindrical portion of the
seat body, and

a tapered section between the threaded section and the cylindrical section engaging a tapered
portion of the seat body; and

wherein the seat body is & single piece comprising the threaded portion, the cvlindrical
portion, and the tapered portion, praferably wherein the seat bodv and the entrv bore

coruprise respective male and female flare ftting profiles

42 The repairable valve assembly system of claim 38, wherein the entry bore is tapered,
and wherein the attachment end of the annular seat body is tapered for forming an
interference fit in the tapered entry bore, preferably wherein the attachment end comprises a
machine tapered cone, more preferably wherein the machine tapered cone comprises ridges to

form a labyrinthine seal in the entrv bore.

43 The repairable valve assembly systern of claim 27, comprising:

a bracket fixedly supported from the valve body;

a stem opening in the bracket aligned with the stem bore;

a shear bushing with a central bore to slidably receive a first end of the valve stem, wherein
the valve stem has a second end comprising a tang to engage the flow control element, and
wherein the sleeve comprises a space to receive the tang;

wherein the shear bushing is rotatably disposable between the bracket and a stem shoulder
formed on the valve stem, wherein the shear bushing has a bushing profile 1o cooperate with
an openung profile of the stem opening for selective retention of the valve stem by the bracket

or release of the shear bushing and valve stem for axial passage through the stem opening.
44, The repairable valve assembly system of claim 43, wherein the valve body is a single
piece body, the bracket is integrallv forged with the valve body. and the shear bushing is

contiguous.

45, The repairable valve assembly syster of claim 44, wherein the valve body comprises

clamping hubs at the inlet and outlet bores.
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46. A repairable valve assembled from the repairable valve assembly system of any one

of claxms 27 1o 45.

47, A repairable valve comprising:

a spherical flow conirol element with a flow control bore therethrough;

a valve stem engaging the flow control element;

a valve body comprising a flow bore rotatably receiving the flow control element and a stem
bore rotatably receiving the valve stem, the flow bore comprising a mamn bore, an inlet bore,
an outlet bore, and an entry bore from the main bore into the outlet bore;

a downstream seat comprising a downstream seat land and a seat body having opposed
lapped surfaces in sealing engagement between the downstream seat land and the seat body,
wherein the downstream seat land has an attachment end sealingly received in the entry borg,
wherein the seat body has a downstream seat element comprising a sealing surface sealingly
engaging the flow control element;

an upstream seat assembly comprising an upsiream seat element engaging the flow conirol
element, a seat spring to bias the upstream seat element, and an annular spacer following the
seat spring; and

a retainer having an annular structure securing the upstream seat assembly in the flow bore
and loading the seat spring, wherein the flow control element floals between the seat body

and the upstream seat element.

48, The repairable valve of claim 47 wherein the seat body comprises external notches to

facilitate lapping.

49 The repairable valve of claim 47 wherein the downstream seat land is press-fit in the

entry bore.

50, The repairable valve of claim 47 wherein the retainer comprises a refaining ring

disposed in & groove m the inlet bore.
51 The repatrable valve assembly system of claim 47 wheregin the inlet bore and the main

bore comprise an inside diameter (ID) larger than an outside diameter (OD) of the flow

control element. wherein the annular spacer comprises an O adjacent the ID of the inlet
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bore, and wherein the annular spacer comprises an [ matching an 1D of the flow control

hore.

52 The repairable valve assembly system of clairmn 51 wherein the annular spacer
comprises an inwardly tapered entry section for fluid flow transition between the inlet end

and the ID of the annular spacer.

53. 'The repairabie valve assembly system of claim 52 wherein the seat spring comprises a
spring element adjacent the annular spacer having an O less than an OD of the annular
spacer, wherein the annular spacer comprises an acutely outwardly tapered exit section, and

wherein the acutely tapered outwardly tapered exit section centers the spring element.

5S4, The repairable valve assembly system of claim 47, comprising:

a bracket fixedly supported from the valve body;

a stem opening in the bracket aligned with the stem bore;

a shear bushing with a central bore to slidably receive a first end of the valve stem, wherein
the valve stern has a second end comprising a tang to engage the fow control element;
wherein the shear bushing is rotatably disposable between the bracket and a stem shoulder
formed on the valve stem, wherein the shear bushing has a bushing profile to cooperate with
an opening profile of the stem opening for selective retention of the valve stem by the bracket

or release of the shear bushing and valve sierm for axial passage through the siem opening.

55, The repairable valve assembly system of claim 54, wherein the valve body 1s a single

piece body, the bracket is integrally forged with the valve body, and the shear bushing is

>

CONREUOUS.

56.  The repairable valve assembly system of claim 55, wherein the valve body comprises

clamping hubs at the inlet and outlet bores.
57. A repairable valve comprising:

a spherical flow control element with a flow control bore therethrough:

a valve stem engaging the flow control element;
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a valve body comprising a flow bore rotatably receiving the flow control element and a stem
bore rotatably receiving the valve stem, the flow bore comprising a main bore, an inlet bore,
an outlet bore, and an entry bore from the main bore into the outlet bore;

a downsiream seal comprising:

a seat body having a downstream seat element comprising a sealing swrface sealingly
engaging the flow control element, and

a threaded element threadedly received in the entry bore and having an external polveonal cut
profile for installation with a socket inserted through the inlet bore;

an upstream seat asserubly comprising an upstream seat element engaging the flow control
element, a seat spring to bias the upstream seat element, and an annular spacer following the
seat spring, wherein the flow control element floats between the seat body and the upstream
seat element; and

a retainer having an annular stracture 1o the inlet bore secoring the upstream seat assernbly in

the flow bore and loading the seat spring.

58.  The repairable valve of claim 57, wherein the entry bore comprises:

a threaded section adjacent the main bore recetving the threaded element;

a cyhindrical section adjacent an 1D of the outlet bore receiving a cvlindrical element of the
seat body, and

a tapered section between the threaded section and the cylindrical section engaging a tapered

elernent of the downstream seat.

59, The repairable valve of claim 56, wherein the seat body is a single piece comprising
the threaded dlement, the external polvgonal cut profile, and the tapered element belween the

cylindrical elersent and the threaded element.

60. The repairable valve of claim 59, wherein the seat body and the entry bore comprise
respective male and female flare fitting profiles the seat body and the entry bore comprise a

flare fiting profile.
61 The repairable valve of claim 58, wherein:

the seat body 1s a tubular member comprising the cylindrical element shouldered in the

cylindrical section of the entry bore;
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the threaded element comprises a nut having the external polygonal cut profile and an ID
surface 10 receive an OD surface of the tubular member;

the tapered element has an 1D surface o receive the OD surface of the tubular roember ahead
of the nut and has a leading tapered surface; and

threading the nut into the threaded section of the entrv bore pressas the leading tapered
surface into engagement with the {apered section of the of the entry bore and the 1D surface

of the tapered element into engagement with the GD surface of the tubular member.

62 the repairable valve of claim 61 wherein the tapered element of the downstream seat

comprises a replaceable angle cut.

63, The repairable vaive of claim 61 wherein the tapered element of the downstream seat

comprises a lip seal,

64.  'The repairable valve of claim 57 wherein the retainer comprises a retaining ring

disposad in a groove m the inlet bore,

65, The reparrable valve of claim 57 wherein the mnlet bore and the main bore comprise an
inside diameter (1D} larger than an ocutside diameter {OD) of the flow control element,
whergin the annular spacer comprises an OD adjacent the 1D of the inlet bore, and wherein

the annular spacer comprises an ID maiching an ID of the flow control bore.

66.  The repairable valve of claim 57 whergin the annular spacer comprises an inwardly
tapered entry section for fhud flow transition between the inlet end and the 1D of the annular

spacer.

67.  The repairable valve of claim 66 wherein the seat spring comprises a spring element
adjacent the annular spacer having an OD less than an OD of the annular spacer, wherein the
aonular spacer comprises an acutely outwardly tapered exit section, and wherein the acutely

tapered outwardly tapered exif section centers the spring element.
68, The repatrable valve of anv one of claimgs 57 to 67, comprising:

a bracket fixedly supported from the valve body;

a stem opening in the bracket aligned with the stem bore;
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a shear bushing with a central bore to slidably recetve a first end of the valve stem and
wherein the valve stem has a second end comprising a tang to engage the flow control
element;

wherein the shear bushing is rotatablv disposable between the bracket and a stem shoulder
formed on the valve stem, wherein the shear bushing has a bushing profile to cooperate with
an opening profife of the stem opening for selective refention of the valve stern by the bracket

or release of the shear bushing and valve stem for axial passage through the stem opening.

69 The repairable valve of claim 68, wherein the valve body s a single piece body, the

bracket is integrally forged with the valve body, and the shear bushing is contiguous.

70. The repairable valve of claim 69, whergin the valve body comprises clamping hubs at

the infet and outlet bores.

7. A repairable, bidirectional valve (400} comprising:

a spherical flow control element (106} with a flow control bore (107} therethrough,

a single piece valve body (416} comprising a flow bore (104) rotatably receiving the flow
control element (106). the flow bore comprising a central flow bore (415) and first and
second end bores (417, 412}, wherein the central bore has an inside diameter {ID) larger than
an ID of the first end bore and smaller than an 1D of the second end bore;

a first seat {4 18) for sealing engagement between the flow control element and the valve body
adjacent the first end bore comprising a first seat body {(420) having a first sealing surface
{(421) for sealingly engaging the flow control element and an attachment end (422} releasably
secured to the valve body |

a second seat (402) comprising a second seal body {404) having a second sealing surface
{405} for sealinglv engaging the flow control element;

a seat spring (406} 1o bias the second seat body against the flow control element. wherein the
flow control element {Toats between the first seat and the second seat;

an annular plug (408) tu sealing engageroent with the valve body, the annular plug having an
outer end (410) threadedly engaged in the second end bore and an innerend (411)in
engagement with the seat spring; and

a seat land (430) between the second seat body and the inner end of the anmalar plug for
sealingly engaging the second seat body and the inner end of the plug, wherein the inner end

loads the seat spring against the second seat body 1o sealingly engage the first element when a
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fluid pressure is higher in the second end bore relative to the first end bore, and wherein the
seat land sealingly engages the second seat body and the inner end of the annular plug when a
fluid pressure higher in the first end bore relative to the second end bore coropresses the seat
spring {preferablv wherein the seat land has a height in excess of a solid height of the seat

spring).

70.  'The repairable, bidirectional valve of claim 6% wherein the seat land is formed on the

inmer end of the annular plug around the seat spring,.

7i The repairable, hidirectional valve of claim 69 wherein the seat land has a height in

x¢ess of a solid height of the seat spring.

72. The repairable, bidirectional valve of claimn 69 whergin the outer end of the annular
plug compresses a gasket (414), preferably a spiral wound gasket, against the valve body,
preferably against a shoulder 432 between the second end bore and the central bore,
preferably between opposing shoulders {432, 434) between the second end and central bores
of the flow bore and between outside diameters of the inner and outer ends of the annular

plug.

73. The repairable, bidirectional valve of claim 69 whergin the first seat, the flow control

elernent, and the second seat are removable through the second outlet bore.

74, The repairable, bidirectional valve of claim 69 comprising an entry bore (423} into the

first end bore receiving the atlachment end of the first seat body.

75 The repairable, hidirectional valve of claim 69 wherein the attachment end of the first
seat body is threadedly engaged with the valve body, preferably in an entry bore (423} into

the first end bore.

76. The repairable, bidirectional valve of claim 73 wherein the first seat body comprises
internal notching (660 for mstallation with a square bar inserted into the second end bore.
preferably {A) wherein the attachment end comprises trapezoidal screw threads (604},
wherein the first seat body comprises a flanged section {602) adjacent the attachment end and

a gasket (S08) compressed between the flanged section and an annular surface (614) of the
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valve body adjacent the first end bore, or (B} wherein the attachment end section and the
valve body comprise a flare fitting profile (650).

77. The repairable, bidirectional valve of claim 75 wherein the first seat body comprises a
threaded element (4254 threadedly received in an eniry bore (423} to the first end bore and
having an external polygonal cut profile (428), preferably a hex cut profile, for installation

with a socket inserted through the second end bore.

78. The repatrable, bidirectional valve of claim 76 wherein the entry bore comprises:

a threaded section (423A, 654 A, 766, 814) adjacent the central bore receiving the threaded
element;

a cvlindrical section (423(, 670, 764, 812) adjacent an ID of the first end bore receiving a
cvliindrical element (425C, 756, 804) of the fivst seat body, and

atapered section (423B. 658, 768, 816) betwaen the threaded section and the cylindrical

section engaging a tapered element (425B, 656,754, 802) of the first seat.

79 The repairable, bidirectional valve of claim 78 wherein the first seat body i3 a single
piece {630} comprising the threaded element, the external polygonal cut profile, the {apered
element and the cylindrical element, preferably wherein the first seat body and the entrv bore

comprise respective male and female flare fitting profiles (6504, 650B).

#0.  'The repairable, bidirectional valve of claim 78, wherein:

the seat body is a tubular member (756, 804) comprising the ¢ylindrical element shouldered
in the cvlindrical section of the enlry bore;

the threaded element comprises a nut {758, 804) having the external polygonal cut profile and
an ID surface (759) to receive an OD surface (757 of the tubular member;

the tapered element has an 1D surface 770 to receive the OD surface of the tubular member
abead of the nut and has a leading tapered surface (776); and

wherein threading the nut into the threaded section of the entry bore presses the leading
tapered surface into engagement with the tapered section of the of the entry bore and the ID
surface of the taperad element info engagement with the OD surface of the tubular member;
preferably wherein the tapered element of the downstrears seat comprises (1) a replaceable

angle cut gasket (734), more preferably wherein the replaceable angle cut gasket has a
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tratling exterior tapered surface (772} engaged by a leading interior tapered surface of the nut

{772}, or {2} a lip seal (802).

8t The repairable, bidirectional valve of claim 69, comprising:

a bracket (150) fixedlv supported from the valve body, [preferably wherein the bracket is
integrally forged with the valve body;

a stem opening in the bracket aligned with the stem bore;

a shear bushing with a central bore receiving a first end of the valve stem {preferably wherein
the shear bushing is contiguous), wherein the valve stem has a second end comprising a tang
to engage the {low control element;

wherein the shear bushing is rotatably disposable between the bracket and a stem shoulder
formed on the vaive stem, wherein the shear bushing has a bushing profile to cooperate with
an opening profite of the stem opening for selective retention of the valve stem by the bracket

or release of the shear bushing and valve ster for axial passage through the stem opening.

82.  The repairable, bidirectional valve of claim 81, wherein the valve body comprises

clamping hubs at the inlet and outlet bores.

i7. A valve comprising.

a valve body with an axial thaid flow bore therethrough;

a spherical flow control element disposed in the flow bore and rotatable between open and
closed positions;

a valve stem having a first end 1o engagement with the flow control element for rotation
thereof, the valve stem removably passing through a stems bore formed through the
vatve body;

wherain the thud flow bors comprises a main passage. an inlst end. and an mlet end.
wherein the main passage has a diameter larger than a diameter of the flow control
slement, whersin one of the inlet and outlet ends has an wnnermost diarseter squal to
ot larger than the diameter of the main passage,

valve trim comprising a downsiream seat and an upstrean seaf assemily. the downstream
saat disposed between the outlet end and the flow conirol element for sealing between
ihe flow control element and the valve body, wherein the downsiream seal comprises
a body seal to sealingly engage the valve body and a seat element having a sealing

surface 1o sealingly engage the flow control element, wherein the upstream seat
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assembly, the flow control element, and at least the downsiream seat element are
removable from the valve body through one end of the flow bore; and

the upstream seat assembly disposed in the roain passage between the indet end and the flow
control clement, the upstream seat assembly cornprising a spring o bias an upsiream
seat efemeant against the flow control element and the flow control element against the
downstrearn sead element, whersin the How control element Hoais between the
upsiream and downsiream seat elements; and

a retaner removably attachead to the valve body about the Thud flow bore and having one or
more projections into the flow bore to seeure the downstrearn seal, the How control

element, and the upstream seat assembly 1 the flow bore and load the spring.

i8. The valve of claim 17, wherein the valve stem extends from the first end through the
stem bore to a second end selectively refained by a bracket spaced laterally from the valve

hody on a support.

1% The valve of claim 18, further comprising:

a shoulder {ormed oo the stem adiacent the bracket with an enlarged outer diameter relative
i a main dismeter of the stern, wherein the shoulder supports a fust slide bearing
sarface;

a shear bushing having a central bore receiving the stem, wherein the shear bushing s
disposed between the stern shoulder and the bracket, wherein the shear bushing
suppotts a second slide bearing surface opposing the first slide bearing surface,
wherein the shear bushing comprizes one or more minimnum ouiside diameter portions
allernated with one or more lobes;

a bore formed through the bracket, the bracket bore having one or maore innermost diameter
portions corresponding 1o the one or more nunimum outside diametsr portions of the
shear bushing and one or more laterally extending openings corresponding to the ons
or more lobes of the shear bushing, wherein the cuter diameter of the sterp shoulder
and the nununum outside diameier of the shear bushung are less than the innenoost
diarneter of the bracket bore, wherein the one or more lohes extend radiaily hevond
the innermost diameter of the bracket bore; and

wherein the chear bushing 18 rotatable on the stem with respect (o the bracket betwesn an
aligiunent position wherein the one or more fobes and miniroum diameter portions of

the shear bushing are radially aligned with the one or more laterally extending
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openings and minimum cuiside diameter portiong of the bracket bore to pass the stem
and shear bushing axially through the bracket bore, and a radially offset position
wherein the one or more Jobes and mirumunm diameter portions of the shear bushing
are radially oifset with respect 1o the one or more laterally extending openings and
nmynimam oufside diameter portions of the bracket bore wherein the shear bushing and

stem are selectively retaimed by the bracket

2. The valve of claim 17, wherein the innermost diameter of the inlet end is larger than the
innermost diameter of the oullet end, wherein the innermost diameter of the outlet end i
sroaller than the main flow passage, and wherein the upsiream seat assembly, flow control

clement, and the downsiream seat element are removable through the inlet end.

21. The valve of claim 20, wherein the downstream seat comprises a sealing element to seal

with the valve body.

22, The valve of claim 21, wherein the downstream seat sealing element comprises a
gasket.
23. The valve of claim 21, wherein the downstream seat sealing element comprises a

metal-to-metal sealing surface.

24. The valve of claim20, wherein at least a portion of the downstream seat is secured to

the valve body.

23 The valve of claim 24, wherein the dowosiream seal coroprises an assembly
comprising the downstream seat element and a seat land secured to the valve body, wherein
the seat land and the downstream seat element are sealingly engaged and the downstream seat

elernent is compressed between the seat fand and the flow control element.

26. The valve of claim 24, wherein the at least a portion of the downstream seat is press-

fit into an entry bore formed in the outlet end adjacent to the main passags.

27 The valve of claim 26, wherein the downstream seat comprises a tapered press-fit

conte in a correspondingly tapered entry bore in the outlet end.
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28 The valve of claim 27, wherein the cone comprises ridges (o form a labyrinthine seal.

29 The valve of claim 24, wherein the at least a portion of the downstream seat is

threadedly receivead in an entry bore formed in the outlet end adjacent to the main passage.

30. The valve of claim 29, wherein the downstream seat comprises traperoidal screw

threads to connect to the outlet end.

31 The valve of claim 29, wherein the dowunstream seat coroprises a flare fitling threadex

into the valve body.

32, The valve of claim 29, wherein the downsiream seat comprises juternal notching for

mstallation with a square bar.

33.  The valve of claim 29, wherein the downstream seat comprises a double ferrule tubing
connection to seal the downsiream seat assembly {o the valve body using a replaceable angle

cut gasket.

34. The valve of claim 29, wherein the downstream seat comprises a lip seal compressed

by a threaded exterior.

35, The valve of claim 29, wherein the downstream seat comprises an external hex cut

profile for installation with a socket.

36. The valve of claim 24, wherein the downstream seat comprises exiemal notches.
37. The valve of claim 24, wherein the valve is bidirectional, wherein the upsiream seat

elernent has a sealing surface to sealingly engage the fow control element, wherein the
retainer comprises an annular plug having an enlarged end threadedly engaged in the inlet
end, and whersin a gasket is shouldered between the enlarged end of the plug and the valve

body,
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38. The valve of claim 24, wherein the upstream seat assembly further comprises a spacer

between the spring and the retainer.

39 The valve of claim 38, further comprising a pre-loading spring between the spacer and

the retainer.

44, The valve of claim 38, wherein at least a portion of the downsiream seat is secured to
the valve body, and wherein the downstream seat element has a taper on an outer surface
adjacent to the sealing surface, the valve further comprising:

a cartridge assembly comprising a sleeve around the flow control elernent and at least a
portion of the upstream seat assembly, wherein the sleeve has a cylindrical profile
with an outside diameter matching or less than the main passage diameter and
comprises radially spaced arms extending axially from a base at a first end adjacent
the spacer to a second end engaging the downstream seat eleroent;

wherein the arms are bendable to a small angle with respect to a tongitudinal axis to hold the
flow control element and the upsiream seat assembly in an instaliation configuration,
and wherein installation of the cartridge assembly n the installation configuration
through the inlet end of the flow bore causes the second ends of the arms to contact
the taper, spread the arms apart, and release the flow control element to float between

the upstream and downsiream seat elements.

41, 'The valve of claim 40, wherein the spacer comprises a distal portion having an
puiside diameter matching the diameter of the main passage and a proximal portion having a
smaller diameter, wherein the base comprises a ring tightly fitted around the proximal portion

of the spacer.

42 The valve of claim 41, wherein the sleeve is formed from rolled metal and the armg

are radially spaced apart on either side of the recess in the flow control element,
43, The valve of claim 41, wherein the base comprises an annular disc engaging a distal
end of the spacer and the arms are radially spaced apart on either side of the recess in the

flow conirol element.

44, A method of assembling the valve of claim 20, comprising the steps oft
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mstalling the downstream seat into the main passage adjacent the cutlet end for
sealing engagement with the valve body;

istalling the flow control element indo the main passage against the downstream seat:

installing the upstream seat assembly into the main passage against the flow control
element; and

installing the retainer and loading the spring to bias the upsiream seat clement against
the flow control element and the flow control element against the downstream

seat element.

45 The method of claim 44, wherein the downstream seat, the flow condrol element, and

the upstream seat assembly are sequentially installed through the inlet end of the flow bore.

46, The method of claim 44, wherein instalhing the downstream seat comprises securing

the downstrear seat to the valve body adjacent the outlet end.

47, The method of claim 46, comprising press-fitting at least a portion of the downstream

seat into an entry bore in the outlet end.

48. The method of claim 46, comprising threading at least a portion of the downstream

seat into an entry bore in the outlet end.

49, The method of claim 4%, wherein the threading comprises engaging internal notches

with a sguare bar for rotation.

30, The method of claim 48, wherein the threading comprises engaging an external hex

profile with a socket for rotation.

51 The method of claim 48, wherein the threading comprises engaging radially spaced

external notches with a tool for rotation.

52. The method of claim 44, wherein the valve comprisas a hub end connector on the
vatve body at the infet end, and the instaliation of the retainer comprises clamping a tool o
the inlet hub end connector. wherein the tool comprises a blind cover clamped to the inlet end

with a threaded bore recetving a threaded member having a plate on one end and advancing
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the threaded member through the threaded bore to push the retainer with the plate into

position in the inlet end,

53, The method of claim 44, wheremn the upstream seat assembly further comprises a

spacer between the spring and the retainer, wherein at least a portion of the downstream seat

ia secured to the valve body, and wherein the downstream seat clement has a taper on an

outer surface adjacent to the sealing surface; the method further comprising:

providing a cartridge assembly comprising a sleeve around the flow control element and at
least a portion of the upstream seat assembly, wherein the sleeve has a cyhindrical
profile with an outside diameter matching or less than the man passage diameter and
comprises radially spaced arms extending axially from a base at a first end adjacent
the spacer to a second end extending bevond the flow control element, wherein the
arms are bent to a syall angle with respect to a longitudinal axis to hold the flow
control element and the upstream seat asserobly in an installation configuration; and

installing the cartridge assembly in the installation configuration through the inlet end of the
flow bore to cause the second ends of the arms to contact the taper, spread the arms
apart, and refease the flow control element to float between the upstream and

downstream seat elements.

54, A method of servicing the valve of claim 20, comprising the steps of.
removing the retainer;
removing the upstream seat assembly from the main passage;
removing the flow control element from the main passage; and

removing at feast a seat element of the downstream seal from the main passage.
55, The method of claim 54, wherein the upstream seat assembly, the flow control
element, and the downsiream seat are sequentially removed through the inlet end of the flow

bore,

56, The method of claim 54, wherein removing at least the downsiream seat element

comprises removing the downstream seat.
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57. The method of claim 54, wherein removing af least the downstream seat element
comprises removing the downstream seat element separately from a portion of the

downstream seat secured to the valve body,

58. The method of claim 57. wherain removing at least the downstream seat slement
further comprises unscrewing the secured portion of the downstream seat from an entry bore

in the outlet end.

59 The method of claim 538, wherein the unscrewing comprises engaging internal notches

with a square bar for rolation.

60. The method of claim 58, wherein the anscrewing comprises engaging an exiernal hex

profile with a socket for rotation.

61 The method of claim 58, wherein the unscrewing comprises engaging radially spaced
external notches with a tool for rotation.

-
I
/

62, The method of clarm 57, wheremn removing at least the downstream seat element
further comprises hammering at least a press-fit portion of the downstream seat from an entry

bore in the cullet end.

63, A repairable valve assembly svstem. comprising components adapted to be assembled

together into a repairable valve, the components comprising:

avalve body with an adal fluid How bore therethrough, wherein the fuid flow bore
COMPIISEs A Man passage, an et end, and an cutiel end;

a downsiream seat adapiad to be inserted into the main passage through the mlet end and at
feast a portion of the downstream seat sealingly secured to the valve body adjacent the
outlet end, whersin the downsiream seat comprises a seat slement having a sealing
surface 1o sealingly engage a flow coutrol elerment and a tapered outer surface
adjacent the sealing surface. wherein at least the downstream seat element is
removable from the valve body through the inlet end;

a cartridge assembly adapied to be inseried into the main passage through the inlet end, the

cartridge assembly comprising:
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the flow control element, wherein the flow control element has a diameter less than
the diameter of the main passage;

an upsiream seat assembly comprising an upsirearn seat element having a surface to
engage the flow control element, an annular spacer having an outside diameter
larger than the flow control element, and a spring disposed betwesn the spacer
and the upstream seat element; and

a sleeve receiving the flow control element and at least a portion of the spacer.
wherein the sleeve comprises radially spaced arms extending axially from a
base at a first end adjacent the spacer (o a second end extending beyond the
flow control elernent;

wherein the arms are positioned at a small angle with respect to a longitudinal axis to
hold the flow control element in engagement with the upstream seat element,
the upstream seat element in engagement with the spring, and the spring in
engageroent with the spacer in an installaton configuration; and

wherein installation of the cartridge assembly in the mstallation configuration through
the inlet end of the flow bore causes the second ends of the arms to contact the
taper, spread the arms apart. and release the flow control element to float
between the upstream and downstream seaf elements; and

a retainer adapted to be removably aitached to the valve body about the fluid flow bors and
having one or more protections into the flow bore to secure the downsiream seat, the
flow control eleroent, and the upsiream seat assembly 1o the flow bove and toad the

spring.

64 The repairable valve assembly system of claim 63, wherein the spacer comprises a
distal portion having an outside diameter roaiching the diameier of the roain passage and a
proximal portion having a smaller diameter. wherein the base comprises a ring tightly fitted

around the proximal portion of the spacer.
5. The repairable valve assembly system of claim 64, wherein the sleeve is formed from

rolled metal and the arms are radially spaced apart on etther side of the recess in the flow

control element.

103



WO 2024/102377 PCT/US2023/036972

66, The repairable valve assembly system of claim 63, wherein the base comprises an
annular disc engaging a distal end of the spacer and the arms are radially spaced apart on

gither side of the recess i the flow conirol element,

67. The repairable valve assembly system of claim 63, wherein the downsiream seat
comprises an assembly compnsing the downstream seat clement and a seat land adapted to be
secured to the valve body, wherein the seat land and the downstream seat element are adapted
for sealing engagement and cormpression of the downstream seat element between the seat

fand and the flow control elernent.

68 The repairable valve assembly system of claim 67, comprising an entry bore formed
in the owutlet end of the valve body adjacent to the main passage, wherein the seatf land is

adapted to be press-fit into the entry bore.

69, The repairable valve assembly system of claim 63, comprising a tapered entry bore
formed in the owtlet end of the valve body adjacent to the main passage. wherain the
downstream seat comprises a correspondingly tapered cone adapted o be press-fit in the

entrv hore.

70.  The repairable valve assembly system of claim 69, wherein the cone comprises ridges

adapted to form a labvninthine seal.
71, The repairable valve assembly system of claim 63, comprising a threaded entry bore
formed in the outlei end of the valve body adjacent to the main passage, wherein at least a

poriion of the downsiream seat ts adapted to be threadedly received in the entry bore.

72, The repairable valve assembly system of claim 71, wherein the downsiream seat

comprises irapezoidal screw threads.

73, The repairable valve assembly system of claim 72, wherein the downstream seat

comprises a flare fitting adapted to be threaded into the entry bore.

74, The repairable valve assembly system of claim 71, wherein the downsiream seat

comprises internal notching for installation with a square bar.
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75, The repairable valve assembly system of claim 63, further comprising:

avalve stem having a first end adapted o engage the Jow condrol element for rotation
thereof, the stem adapted 10 extend from the first end through a stem bore in the valve
body to a second and away from the valve body;

whergin the valve stem s selectively retainable in or removable from the stem bors.

74, The repairable valve assembly svstem of claim 75, wherein the valve stem s

selectively refainable by a bracket epaced iaterally from the valve body on a support

~4
iy

The repairable valve assembly systern of claim 76, wherein the bracket is integral

with the valve body, wherein the repairable valve assembly svatem further comprises:

a shoulder formed on the stem adiacent the bracket with an enlarged outer diameter refative
to amain diameter of the stem, wherein the shoulder supports a firet shde beaning
surface;

a shear bushing having a central bore receiving the stem, wherein the shear bushing is
adapted 10 be disposed between the sterm shoulder and the bracket, wherein the shear
hushing supports a second shide bearing surface opposing the fivst shide bearing
surface, wherein the shear bushing comprises oue or more minimum outside diameter
portions altemated with ong or more lobes;

a bove formed Guough the bracket, the bracket bore having one or rore innermost diameter
portions corresponding to the one or more minimunm ouiside diameter portions of the
shear bushing and one or more laterally extendmg openings corresponding to the one
or more Jobes of the shear bushing, wherein the coler dlameter of the stem shoulder
and the winmum cuiside diameter of the shegr bushing are less than the nermost
diametar of the bracket bore. wherain the one or more lobes sxtend radially bevond
the mnermost diameter of the bracket bore; and

wherein the shear bushing is rotatable on the stern with respect to the bracket between an

alignment position wherein the one or more fobes and miumuwn diameler portions of

the shear bushing are radially aligned with the one or more laterally extending
operings and munimum outside diameter porfions of the bracket bore adapted to pass
the stem and shear bushing avially through the bracket bore, and a radially offset
position wherein the one or more lobes and nuntmum diameter portions of the shear

bushing are radially offset with respect 1o the one or more laterally extending
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openings and minimum cuiside diameter portions of the bracket bore wherein the

shear bushing and stem are adapied to be selectively retained by the bracket.

78 The repairable valve assembly system of claim 77, comprising diametrically opposad

pairs of the minimum diameter portions and the lobes of the shear bushing.

79 The repairable valve assembly system of claim 77, further comprising a threaded
menber adapted o extend through a refention bore in the bracket into at least one of the one

ot ore lobeg of the shear bushing to retain the shear buching n the radially offvet position.

80.  The repairable valve assembly system of claim 77, wherein the bracket and support

define an open access area betwesn the bracket and the valve body, and wherein the svstemn

further comprises:

a packing hore formed in the valve body cosvial with the stem bore;

one or more packing rings adapted to be disposed about the stem in the packing bore to form
a seal between the stem and the valve body;

a packing gland adapted 1o be positioned around the stern 1o load the packing rings,

a gland Hange in the open accsss area adapted 1o be secured to the valve body around the
stem 1o load the packing gland; and

one or more five loadimg springs adapted o be disposed between the aland flange and the

packing gland.

81, The repairable valve assembly system of claim 30, wherein the shear bushing and the

sacking rings are contiguous.
- o o

82. The repairable valve assemblv system of claim 63. wherein the valve body comprises

clamping hubs at the let and outlet ends of the fluid flow bore.

3. A method of assembling a repairable valve from the coraponents of the systern of
claim 63, comprising the steps of!
installing the downstream seat through the inlet end and securing at least a portion of
the downstream seat in sealing engagement with the valve body;
inserting the cartridge assembly through the inlet end and into the main passage until

the arms contact the taper of the downstream seat element;
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advancing the cartridge assembly to spread the arms apart and release the flow control
element and the upstream seat element; and

mstalling the retainer through the inlet end to load the spring and bias the upstream
seat element against the flow control element and the flow control element

against the downsiream seat element.

84 'The method of claim 83, wherein the spacer comprises a distal portion having an
outside diameter matching the diameter of the main passage and a proximal portion having a
smaller diameter, wherein the base comprises a ring, and further comprising tightly fitting the

ring around the proximal portion of the spacer.

8S. The method of claim 84, wherein the sleeve is formed from rolled metal and the arms

are radially spaced apart on either side of the recess in the flow control element,

86, The method of claim 83, wherein the base comprises an annular disc, and further
comprising engaging a distal end of the spacer with the annular disc, and radially spacing the

arms apart on either side of the recess in the flow control element.

87.  The method of claim 83, wherein the downsiream seat comprises an assemibly
comprising the downstream seat element and a seat land, and further comprising securing the
seat land 1o the valve body, sealingly engaging the seat land and the downsiream seat element
and compressing the downstream seat element between the seat land and the flow control

glement.

88. The method of claim 87, further compnsing forming an entry bore in the outlet end of
the valve bodv adjacent to the main passage. and press-fitiing the seat land into the entry

bore.
89, The method of claim 83, further comprising forming a tapered entry bore in the outlet
end of the valve body adjacent to the main passage. wherein the downstream seat comprises a

correspondingly tapered cone adapted to be press-fit in the entrv bore.

20, The method of claim 89, wherein the cone comprises ridges and further comprising

forming a labvrinthine seal.
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91 The method of claim 83, further comprising forming a threaded entry bore in the
outlet end of the valve body adjacent to the main passage, and threadedly receiving at least a

portion of the downstream seat in the entry bore.

92. The method of claim 91, wherein the downsiream seat compnises frapezoidal screw

threads.

93 The method of claim 92, wherein the downstream seat comprises a flare fitting and

further comprising threading the flare fitting into the entry bore.

94, The method of claim 91, wherein the downsiream seat comprises internal notching,

and farther comprising installing the downstream seat with a square bar,

95. The method of claim 83, wherein the valve further comprises a valve stern having first
el Qe Ao ~ L] N EYIEEYCY 0y o foeyy b ., bayave o PR . PPN
and second ends, further comprising forming a stem bore through the valve body, engaging
the flow control element with the fivst end of the valve stem for rotation of the Hlow control
slement, extending the valve stem from the first end through the stem bore 1o a second end
away from the valve body, and selectively retmning or removing the valve stem in or from

the stem bore,

86, 'The method of claim 95, wherein the valve stem is selectively retainable by a bracke

spaced laterally from the valve body on a support.

o7 The method of clam %6, wheremn the bracket is preferably indegral with the valve
body: and further comprising:
forming a shoulder on the stem adjacent the bracket with an enlarged outer diameter refative
to a main diameter of the steny,
iy ced B . . . - 43 . . -
supporting a first shde bearing surface on the shoulder;

recaiving the stem in a cewdral bore of a shear bushing:

disposing the shear bushing between the stem shoulder and the twacket;
supporting a second shide bearing surface on the shear bushing opposing the first dlide

bearing surface;
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altemating one or more minimum outside diameter portions of the shear bushing with one or
more fobes;

fornung a bore through the bracket. wherein the bracket hore has one or morg jnnermost
diametar portions corresponding to the one or more nunimum outsids diameter
portions of the chear bushing and one or move iaterally extending opemings
corresponding to the one or more lobes of the shear bushing, wherein the outer
diarneter of the stem shoulder and the minimum outside diametsr of the shear bushing
are fess than the mnermost diameter of the bracket bore, wherein the one or mors
lobes extend radially beyvond the ronermost digmeter of the bracket bore;

rotating the shear bushing on the stem with respect 1o the brackst to an alignment position
wherein the one or more lobes and mimumum diameter portions of the shear bushing
are radially aligned with the one or more {aterally extending openings and minimom
owutside diameter portions of the bracket bore and passing the stem and shear bushing
axially through the bracket bore; and

rotating the shear bushing on the stern with respect to the bracket to a radially offset posttion
wherein the one or more lobes and winimum diameter portions of the shear bushing
are vadially offset with respect 1o the one or more laterally extending openings and
munimum outside diamgter porfions of the bracket bore and retaining the shear

bushing and stam with the bracket

98, The method of claim 97, wherein the valve comprises digrsetrically opposed pairs of

the minmmm diameter portions and the lobes of the shear bushing.

o9, The method of claim 97, further comprising extending a threaded member through a
relention bore in the brackel info at least one of the one ot more lobes of the shear bushing 1o

retain the shear bushing i the radially offset position.

100, The method of claim 97, wherein the bracket and support define an open access area

batween the bracket and the valve body, and further coroprising:

forming a packing bore in the valve bodv coaxual with the stem bore;

disposing one or more packing rings about the stem in the packing bore to form a seal
between the stem and the valve body;

positioning a packing gland arcund the stem to load the packing rings;
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[

ecuring a gland flange 10 the open access area to the valve body around the stem to oad the
packing gland; and

disposing one ot more live loading springs betwesn the gland Hange and the packing gland.

101, The method of claim 100, wherein the shear bushing and the packing rings are

Contiguous.

102, The method of claim 83, wherein the valve body comprises clamping hubs at the inlet

and outlet ends of the fluid flow bore.

103, The method of claim 83, further comprising disassembling the repatrable valve,
comprising the steps of
removing the retainer through the inlet end;
removing the sleeve, spacer, upstream seat element and flow control element through
the mlet end; and

removing the downstream seat element through the inlet end.

04 A directional valve comprising:

a valve body with an axial fhaid flow bore therethrough;

a spherical ffow conirol element disposed in the ffow bore and rotatable belween open and
closed positions:

a bracket spaced laterally from the valve body on & suppor;

avalve stem having a first end engaging the flow control element for rotation thersof, the
stern extending from the first end through a stem bore 1o the valve body 1o 4 second
end adjacend 1o the bracket;

a shoulder formed on the stem adjacent the bracket with an enlarged outer diameter relative
to a main diameier of the stem, wheram the shoulder supports a first shide bearing
surface;

g shear buslung having a central bore recatving the stemy, wherein the shear bushung is
disposed betwaen the stero shoulder and the bracket. wherein the shear bushing
supports a second clide bearing surface opposing the first shide bearing surface,
wherein the shear bushing comprizses one or more minimun ouiside diameter portions

atternated with one or more lobes;
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a bore formed through the bracked, the bracket bore having one or more innarmost diameter
portions corresponding to the one or more munuvun outside diameter portions of the
shear hushing and one or more faterally exiending openings corrasponding to the one
or mwre {fobes of the shear bushung, wherein the outer diarneter of the stem shoulder
and the minimum cuiside diameter of the shear bushing are less than the innermost
darneter of the bracket bore, wherein the one or more lobes extend radially bevond
the innermost diameter of the bracket bore; and

wherein the shear bushing is rotatable on the stem with respect to the bracket between an
alignment position wherein the one or more lobes and manimum diameter portions of
the shear bushing are radially aligned with the one or move laterally extending
openings and mimmum cuiside diameter portions of the bracket bore to pass the stem
and shear bushing axdally through the bracket bore, and a radially offset position
wherein the one or ymore lobes and munivaay diareter portions of the shear bashing
are radially offset with respect (o the one or more laterally extending openings and
mintonun miuside diameter portions of the bracket bore wherein the shear bushing and
stern are selectively retained by the bracket;

wherein the Huid Aow bore comprises 3 main passage, an olet end, and an outlet end,

wherein the main passage has a diameter larger than s dlameter of the Jow control

eement, wherein the infet end has an mnermost diameter egual to or larger than the
hameter of the main pasaage, wherein the innermost diameter of the inlet end is
targer than the innermost diameter of the outiet end, wherein the innermost diameter
of the outlet end 15 smalier than the main flow passage. and wherein the upstream seat
assembly, flow control element. and the downstream seat element are removable
through the inlet end;

valve trivp comprising a dowrsirean seat and an upstream seat gssombly, the downsiresm
seat disposed between the outlet end and the flow controd element T sealing between
the flow controf element and the valve body, wherein the downsiream seat comprises
a body seal to sealingly engage the valve body and a seat element having a sealing
surface to sealingly engage the flow control element, wherein the upsiream seat
assembly, the flow control element, and at least the downstream seat element are
removable from the valve body through one end of the flow bore, wherein at least a
portion of the downstream seat is secured to the valve body,; and

the upsiream seat assembly disposed in the main passage betwaen the indet end and the flow

control element, the upstream seat assambly comprising a spring 1o bias an upsiream
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seat element against the How contral element and the flow control element against the
downstream seat elernent, wherein the flow control element floats between the
upsiream and downstream seat elements; and

a retainer removably attached (o the valve body about the fluid flow bore and having one or
more projections into the fiow bore to secure the downsiream seat, the fow control
element, and the upstream seat assembly n the flow bore and load the spring;

wherein the upstream seat element has a sealing surface to sealingly engage the flow control
element. wherein the retainer comprises an annular plug having an enlarged end
threadedly engaged in the inlet end, and wherein a gasket is shouldered between the

enlarged end of the plug and the valve body.
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