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REPAIRABLE VALVE
BACKGROUND

{3001 ] High-reliabilitv valves suitable for high pressure steam service with trim inserted
through only one end of a flow bore are disclosed in commonly assigned US Patents 7093819
and 7249751, Such valves are generally welded in place in the line in which they are installed,
necessitating cutting of the line to remove and replace them. Additionally. the valve stem has
a blowout prevention feature which pravents the stem from being removed without removing
the valve from the Hine and first removing the upsiream seat and ball. Thus, to repair the stem
packing n-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 body and the valves are
thus generally replaced in thetr entivety

[0002] Moreover, during assembly of such valves, 1t can be difficult to place the ball and
upstream seat in the flow passage because these elements are floating in the flow passage and
the ball needs to be aligned to properly engage the stem, which is instalied first in the "819 and
*751 patents.

[6003] Additional references of interest include US4342444, US6669171, USTER0626.
US7850143, US8998173, 1US9249889, USO488033, USTS551425, UST0400901, US11137077,
US11644109, KR1020006924, US2019226613, GB2238094, US4637421. US11199270,
US2022120350.  CN1LIBI0668,  US2020141507.  US2020370658. US2020408310,
US2021123533, EP3663400, US10400901, US11162598, ON105003677. US2013137020,
US99580R0, USBTTO546, US10539242, USE312889, USB308132, USEI00199, USE672042,
USTE87025, USTE3GO09, UST267323, UR30GS6576, US346212¢, UUSS333834, USS524863,
US4247080, US4S37990. US3277404, US4813701, US4802652, US4477055, US11137077,
USS8998173, USO488033, 1JS0551425, US9249¢89, USY366345. USOS300285, USTE90626,
US66691 71, US4342444 1S3484079, and US3480253.

{30041 What 15 needed 15 such a valve with a stem that i3 removable in-line so that the stern
packing can be replaced, while retaining the blowout prevention features; a valve thatl can be
installed without welding: a valve that can be repairad by removing the valve internals without
damaging the valve body and/or the interals; a valve design that facilitates proper placement
of the floating 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 internals through one
end of the flow bore.

SUMMARY OF THE INVENTION
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[3005] 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
conperates with a profile of a stem opening in the stero bracket such that the shear bushing can
be selectively rotated on the valve stem to pass through the opening 1o release or mstall the
valve stemy, or prevented from passing through the opening so the shear bushing and the valve
stew are retained by the bracket.

{3006] Stated another way, the present invention addresses 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 munor
inside diameter (II3) of a bracket opening, and one or more matching lateral opervogs n 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
maiching opemngs of the bracket bore.

60071 For example, the shear bushing can have a major outside diarveter (O}, a nunor OB,
and one or more nunor 0 portions alternated with one or more lobes extending to the major
{303; and the stem opening can have a minor 10 a mator 12, and one or more minor 10 portions
altemated with one or opening passages exiending 1o the yaajor {0, where the minor 1D portions
can avially pass the minor O portions and the operung passages can axially pass the lobes.
{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 flow bore, by using a cartridge assernbly that, during assembly. releasably retaing
the relative position of the flow control element in engagement with the upstream seat assembly
and/or aligns the flow control elemant with the downstream seat element in s approach to the
dowunstream seat; and upon engagerment with the downstream seat releases the flow control
element to float between the upstream and downstream seat elemenis.

[6009] For example, the cariridge assembly can use an annular spacer following behind the
flow control element to support an expandable sleeve to releasabiyv engage the flow control
element and hold the upstream seat assembly between the annular spacer and the flow control
elernent for msertion mto the flow bore, where the valve comprises an outwardly tapered
surface 1o expand the sleeve and release the flow control element to float between the upstream
and downsiream seat elements. The sleeve assembly can. for example. have retention arms
mwardly angled to 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 cartndge 15 advanced to release the flow

control element to float.

{0010] Further, the present mvention provides embodiments addressing the repairabiiity 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 18 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 fleating fow 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

tritn free of valve stem intrusion into the flow bore that might otherwise interfere with

placement or removal of the valve irim components, since the valve stem can be installed after

the valve trim is mstalled or removed before the valve trim 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.

{8612} In one aspect, embodiments of the present invention provide a valve comprising;

a valve body comypuising a flow bore and a stem bore;

a flow control element rotatably disposad 1 the How bore;

a bracket fixedly supported from the valve bodv and comprising a stem opening aligned with
the flow bore;

avalve stem rotatably disposed i the sters bove and comprising a first end disposed in a
central bore of a shear bustung adjacent the brackel, a stem shoulder {0 engage the
shear bushing adjacent the first end, and a second end engaging the fow control
glement; and

a bushing profile of the shear bushing cooperating with an operang profile of the stem
opening for selective retention and release of the valve stemy, wherein the shear
bushing is rotatable between g stem release position. wherein the bushing profile i3
alioned with the opening profile and the shear bushing can pass through the stem
opening, and a stem refention position, wherein the bushing profile is offset with
respect to the opening profile and the bracket and stem shoulder engage opposite sudes

of the shear bushing to retain the valve stentin the siem bore.
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[3013] In another aspect, embodiments provide a method of inserting a valve stem in a valve
that comprises:
instaliing a flow control element 1o a flow passage 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 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 sters opening for axial passage of the shear hushing
through the stem opening,
axially positioning the shear bushing between the bracket and a stern shoulder on the
valve stem;
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 info a stem retention posttion wherein the bushung profile is
offset from the opening profile and the bracket and a stem shovdder on the
valve siem engage oppostie surfaces of the shear bushing to vetain the valve
stem in the stem bore.
[6614] In another aspect, embodiments of the present invention provide a repairable vaive. The
valve comprises:
g valve body with an asial fuid flow bore therethroughy
a spherical flow controd element disposad in the flow hore and rotatable between open and
closed postiions,
avalve stem having one end 10 engagement with the flow control element for rotation
ihereof, the valve stom removably passing through a stom bore formoed through the
vatve body;
wherain the fhad flow bore comprises a main passage, an inlet end, and an cutlet end,
wherein the man passage has a diameter larger than a diameter of the flow control
slement, wherein one of the inlet and outlet ends has an nnerroost diarseter equat to
or {arger than the diameter of the main passage;
valve trim comprising a downsiream seat and an upstream seat assesbly | the downstream
seat disposed between the outlet end and the flow control elerent 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 control element, and at least the downsiream seat element are
removable from the valve body through one end of the flow bore; and
the upstrean seat assembly disposad in the main passage betwsen the indet end and the flow
controf element, the upstream seat assembiv comprising a spring to bias an upstream
seat element against the flow control element and the flow control element against the
downstiream seat element, wherein the flow controf element fioais between the
upsiream and downsiream seat elements; and
avetainer removably aftached to the valve body about the fluid How bore and having one or
more projections into the flow bore o secure the downstream seat, the flow conirol
slement, and the upsiream seat assembly in the flow bore and load the spring.
[BG15] In another aspect, a method of assembling the repairable valve just described comprises
the steps of:
mstatling the downstream seat into the main passage adjacent the outlet end for
sealing engagement with the valve body;
instaliing the flow control element into the main passage against the downstream seat;
mstaliing the upsiream seatl assembly into the main passage agamst the flow control
element; and
installing the retainer and loading the spring to bias the upsiream seat element against
the flow control element and the flow control element against the downstream
seat element.
[63616] In another aspect, a method of servicing the repairable valve just described comprises
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.
[6617] To another aspect, embodiments of the present invention provide a repairable valve
assernbly system, comprising coroponeds adapted to be assernbled together o a repairable
valve. The components comprise:
avalvs body with an axial fluid How bore therethrough, wherein the fluid flow bore
comprises g man passage, an inlet end, and an outlet end,
a downsiream seat adapied to be inserted into the main passage through the inlet end and &t

feasi a portion of the downstream seal sealingly secured 10 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 downsirearn seat clement 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 outside diameter
larger than the flow control element, and a spring disposed between the spacer
and the upstream seat element; and
a sleeve recetving 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 conirol element;
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 n
engagement with the spacer in an instaliation configiration; and
wherein rostallation of the cartridge assenbly in the installation configuration through
the miet 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 10 be removably attached 1o the valve badyv about the fluid flow bore and
having one ot more projections into the flow bore 1o secure the downsiream seat, the
flow conirol element, and the upsiream seat assembly in the flow bore and load the
apring,
6018} To another aspect, embodiments of the present wwvention provide a method of
assembling a valve from the components just described. The method comprises the steps of;
mstaliing 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
clement and the upstream seat element; and
installing the retamer through the mlet 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.

[6619] Tn another aspect, embodiments of the present invention provide a repairable

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

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

enlarged 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

[6G28] The mvention is described below in reference to the foliowing drawing figures in

which:

[6621] FIG. | is a cross-sectional view of a repatrable valve according to an embodiment of

the present invention;

[6022] FIG. 2 is a perspective view of the shear bushing in FIG. 1.

(30231 FIG 315 a plan view of the valve of FIG. 1 as seen along the lines 3-3 showing the

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

section,

[6624] FIG. 4 1s another plan view of the valve of FIG. 3 showing the shear bushing radially

offset for stem reiention and operation;

16025] FIG. 5 is a partially cutaway perspective view of the valve trim of another embodiment

of the present invention using a cartridge;

[3026] FIG. 61c a perspective view of the sleeve of the cartridge from FIG. 5;

[0827} F1G. 715 apartially cut away view of a valve showing the valve trimo of another cartridge

embodiment of the present mvention:

[6628] FIG. 8 is an exploded view of the valve trim of FIG. 7;

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

installation mode as seert along the lines 8-8;

[6630] 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 cariridge assembly of FIG.

10 after the cartridge has been fully advanced;
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[6032] FIG. 12 15 a cross-sectional view of a bidirectional valve according to another
embodiment of the invention;

[B033] FIG. 13 15 a cross~sectional detail of a downstream seat wherein the cone comprises
ridges to form a labyrinthine seal according 1o another embodiment of the invention;

[6634] FIG. 14 is a partially cutaway view of a portion of a valve wherein the downstream seat
assermnbly comprises trapezoidal screw threads according to another embodiment of the
invention;

[B035] FIG. 15 is a perspective cross-sectional view of a portion of a valve showing a
downstream seat having a flare fitting threaded mnto the valve body, and internal notching for
installation with a square bar according to another embodument of the imvention;

[663¢] FIG. 16 is a partially cutaway view of a valve wherein the downstream seat assembly
has a pressed in seat land according to ancther embodiment of the present invention;

{60371 FIG. 17 15 a cross-sectional detail of the downstream seat in the valve comprising a
double ferrule tubing connection according to another embodiment of the wvention;

{3038] FIG. 18 is a partially cutaway view of a portion of the valve showing the downstream
seat detail comprising a lip seal according 1o another embodiment of the invention;

[30339] FIG 1918 a partially cutaway view of a portion of the valve showing the downstream
seat detail baving a flare fitting threaded into the valve body and external hex cut according to
another embodiment of the invention; and

[B040] FIG. 20 iz a perspective sectional view of an installation tool connected to the valve
according to another embodiment of the invention.

DETAILED DESCRIPTION

Definitions

[B041] As used herein, the term “adjacent” refers (o 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.
[6643] As used herein, the term “axially”™ refers to tocated in the direction of an axis.

[0044] As used herein, the termo “How control element” refers to 1o ao at Teast partially spherical
plug having a flow control bore therethrough which can be rotated to allow or block or control
fluid flow.

[00458] 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
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align (“open™) or un-align {“closed™) a flow control bore through the flow control element with
the flow bore through the valve body.

[B046] As used herein, the term “Bi-directional” refers 1o a valve that is operable to seal agamst
flow in both directions, i.e.. when a high pressure is appiied to the normally upstream side, as
well as when a high pressure is applied to the normally downstream side.

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

[3048] As used herein, the term “bracket” refers 1o a support member that provides attachment
focations.

[3049] As used herein, the term “butterfly profile” refers to a profile having a relatively
stender central body and a pair of opposing wings extending outwardly from the body.

{00501 As used herein, “cartridge” refers to a small modular unit designed to be inserted into
a larger piece of equipment,

60511 As used herein, “central” refers to containing or constituting a center: situated at. in, or
near the center,

{30521 As used herein, the term “clamping hub™ refers 1o a flanged hub suitable for sealingly
clamping to a similarly flanged hub of adjoining piping, e.g. pipe. pipe fithng or another
component.

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

[0034] As used herein, “embodiments™ refers to a particular structure or feature as an example
of the invention,

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

[B0S6] As used herein, the term “engaging” refers to anv type of mechanical engagement
capable of coming into contact, interlocking, or meshing two separate components.

[G057] As used herein, the term “entrv bore” refers to the transition profile at an entrance ©
one passage from another passage, e g., into the outlet bore from the main bore.

[6658] As used herein, the term “extending” refers to continuing for a particular distance or in
a particular direction

{30591 As used herein, the term “fixedlv™ refers 10 a reversibly or preferably permanent
attachment of an object such that relative movement is preventad.

[0060] As used herein, the term “flare fitting” refers to a compression fitting in which a flare
nut secures the tapered end of a flared tubing to create a pressure- and leak-resistant seal, e.g.,

a 37-degree fitting conforming to AN {Air Force — Navy Aeronautical Design Standards} or
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JC (Joint Industries Council} such as SAE (Socisty of Automotive Engineers) J514/I1S0-8434-
2.

[0061] Asused herein, the tern “Hoating ball valve™ refers to type of ball valve where the ball-
shaped tlow control element is held between two seat elements so that it “floats” normally off
the surfaces of the flow passage.

60627 As used herein, the term “in line” refers to a valve or other piping component connected
at both ends to process piping, or to operation or servicing of the piping component while it is
connected at hoth ends to process piping.

{30631 Ac used herein, the terms “ID” and “OD” refer to an inside diameter and an outside
diameter, respectively. As used herein, the terms “major ID” and “major 0D refer to the
largest inside and owiside diameters, respectively. As used herein, the ferms “munor 1D and
“minor 8D refer to the smallest inside and outside diameters, respectively.

{00647 As used heretn, the termos “nner” and “outer” refer o the location of valve components
disposed near or towards the flow control element, and distant or away from the flow control
element, respectively.

{30651 As used herein, the term “integral” refers to a one-piece monolithic item having no
reypovable parts without damaging or modifying the ilem.

[B066] As used heren, the terms “leading” and “trailing” 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 man part.

{30681 As used herein, the term “machine taper” refers to an internal connection interface in
which a tapered conical male member fits into a female socket with a matching taper, including
Brown and Sharpe tapers, Morse tapers, Jacobs tapers, Jamo tapers, NMTB (National Machine
Tool Builders Association) tapers, hollow taper shank (HSK) tapers, RE tapers, and the like.
[0069] As used herein, the term “main’ refers 1o chief in size, extent, or importance; principal.
60707 As used herein, the term “offset” refers to a first shape profile having edge lines that
cross edge lines of a second shape profile superimposed over the fiest shape profile, eg., the
axes of suvularly shaped profiles may be offset, coaxial profiles of sumilar shape may be
angularly offset (rotated), and so on.

[3071] As used herein, the term “passage” refers to a path, channel, or course by which

something passes.

10



WO 2024/102377 PCT/US2023/036972

[3072] As used herein, the term “polvgon cut profile” refers to a profile having a plurality of
regularly spaced points, e.g., a hex aut profile has six or a multiple of six regularly spaced
points derived from a six-sided polygon(s).

{8G73] As used herein, the term “profile” refers {0 an outline of an object.

{60741 As used herein, the term “recetved” refers to positioned ot oriented.

[6075] As used herein, the term “removable” refers (o a component that can be removed from
an assersbly without damage to or modification of the removed componemt or other
components of the assembly.

{3076 Ac used herein, a “retamning ring”, sometimes aleo calied a archp, refers to a flat spring
ring split at one point so that it can be sprung closed to pass info a bore and allowed to spring
out into an annular recess to form a shoulder in the bore, or sprung open to pass over a shaft or
spindie, and allowed 10 close into a closely fitting anmuiar recess to form a collar on the shaft.

{60771 As used herein, a “retention mernber” refers to any wember that retains the posttion of
ane part with respect to another.

{3078 As used herein, a “seal” refers to a ight and perfect or neardy perfect closure (as against
the passage of gas or water}.

{30791 As used herein, the term “single prece” refers {o a monolithic structure formed from or
as from or jnto one piece, and the term “single piece valve” refers 1o a valve having a single
pigce valve body.

[GO88] As used herein, a “seat” refers to a part or surface designed for another part to be
recetved or rest, and “valve seat” {0 a part or assembly 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 to a seat biased by a spring. As used herein. the terma “seat body™ refers
1o 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.

{60817 As used herein, the term “seat land” or “seat landing™ refers to a machined pisce with
a site specifically adapted {o 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 10 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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[3084] As used herein, a “sleeve” refers to a generally tubular piece, as of metal, fiting 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.

{60867 As usad herein, the term “solid height”, also sometimes called the solid length or closed
length or height, refers to the length of 3 compression spring at the complete extent of
compression, 1.€., when compressed to the extent that each and every coil is in contact with the
next or a compressing surface.

{30871 Ac used heretn, the term “spherical” refers {0 having the form of a sphere or one of s
segments.

{0083} As used herein, “supported” refers to objects that are located above and sitting on a
supporting structure or device.

{60897 As used herein, the term “tang” refers (o a projection by which a fool, such as a chisel
ar knife, is attached to its handle or stock; shank

{30981 As used herein, “trapezoidal screw threads™ are screw threads having profiles with
traperoidal owtlines, including acme and trapezoidal metric thread forms having a thread height
half of the pitch and a flat apex and valley.

[{B091] As used herein, the term “trimo” refers to the internal components of a valve,

{8092} As used herein, the term “upsiream” 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 term “valve” refers to a device to control the flow of a Higuid, gas,
or other material through a channel, and a “valve body” refers to the main, central, or principal
physical structure of 3 valve to which other componenis are attached and often inciudes
channels generally housing the flow conirol element and through which a matenal can flow.
{0094] As used herein, a “valve cavity™ refers to the space in a valve body receiving the How
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 in the valve body.

Embodiments

[6095] As disclosed herein, a valve according 1o the present invention is one of the general
tvpe where a flow bore 1s formed through the valve body and a flow control slement 18 rotatably
received in the flow bore to control fluid How by rotation of the How control elerment using a
valve stem. In preferred embodiments, the valve body s preferably of single piece construction

meluding integral user end connections, and since valves of this tvpe do not have any

12



WO 2024/102377 PCT/US2023/036972

removable ends or access covers on the top, bottom or sides, by which the flow control element
and other valve fnm can be matalled 1o the valve cavity, the valve tnm s often installed via
one end of the fow bore, and only one end of the flow bove. that has a larger inside dlaroeter
{H}) than another end.

Stewn Retention Embediments

[6696] Broadly, in one embodiment, the valve comprises a valve body, preferably of single
piece construction, comprising a flow bore and a stent bove. A preferably spherical flow control
slemery is rotatably disposed in the flow bore and is often rotatable between open and closad
postiions. The valve stem ¢ rotatably recetved in the stem bore to engage and operate the flow

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

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

166971 The valve stem has a first end disposed ina central bore of a shear bushing adiacent the
bracket, a stem shoulder 1o engage the shear bustung adiacent 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 forrmad on the valve stem with an enlarged outer diaroeter relative o a main diameter of
the valve stemto axially engage the shear bushing, ¢ g, adjacent the bracket. The stem shoulder
often supports a first slide bearing surface, and the shear bushing often supports a second slide
bearing surface opposing the {irst slide bearing surface.

160698 The shear bushing has a bushing profile that cooperates with an opening profile of the
stem opening for selactive retention and release of the valve stem The shear bushing s
rotatable on the valve stem with respect to the bracket betwveen 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 stewm refondion posiiton, where the bushing profile is offset
with respect 1o the opening profile and the bracket and sten shoulder engage opposiia sides of
the shear bushing to inhubit axial movement of the shear bushing and valve stem away from

the valve body, and thos retain the valve stem w the stem bore. This arrangement preferably

prevants stent blowout in the event of excessively high pressures of the process fluid within
the vaive body.

[6099] For example. the bushing proftie can be defined by a minor outside diameter (GD), 2
mgior O and one or more mmner OD portions along the winor OD alternated with one or
more lobes extending radiaily from the minor G0 toward or to the major OB, The stam opering

in the bracket can Hikewise be defined by a nunor inside diameter (ID), a major H), ong or niore
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minor I portions along the minor 1D, often corresponding to the one or more minor 0D
portions of the shear bushiog, alternated with one or more mwajor 1D portions along the magor
1D, and one o moore opaiung passages extending radiatly from the minor 12 1o the major 1D,
often corresponding to the one or more tobas of the shear bushing.

[G100] Often, the 0D of the stem shoulder and the nunor OD of the shear bushing are less than
the manor 1D of the stem opening, and the lobes extend radially bevond the nunor 113 of the
siem opening. Preferably. the bushing profile and the opening profile comprise diapetrically
approsad pairs of the nunor OD portions, the lobes. the minor ) portions, and the opening
passages, and the lobes gre smaller than the opening passages o altow axial passage.

0101} More preferably, the bushing profile and the opering prefile comprise matching
butterily profiles. although other shapes such as dogbone, square or rectangular are not
excluded.

[8102] The valve often further comprises a bushing refention member securing the shear
bhushing w the stem retention position, preferably wherein the bushing retention member 1«
clongated to extend through a retaining bore in the bracket into or adiacent {0 the lobes, more
preferably wherein the elongated bushing refention member i3 threaded and extends info one
of the lobes. The bushing retention member thus provides a lockout feature to protect against
madvertently placing the shear bushing in the stem release position when it is not intended.
8103} A paclking bore is desirably formed in the valve body coaxial with the stem bore. One
or more preferably contiguous packing rings are often disposed arpund the stem mn the packing
bore to form a seal between the stem and the valve body, and a packing gland can be positioned
around the stem 1o load the one or more packing rings. A gland flange 11 an open accsss ares
betwesn the bracket and the valve body is often secured to the valve body around the valve
stem to load the packing gland, Preferably, one or more hive loading springs are disposed
between the gland Hange and the packing gland, which can, for exarople. be disc sprigs or
springs aronnd bolts 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 siem and packing can be serviced
in line.

16105] The removable-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 downstrean seat to form a seal between the valve body and the flow control element, and a

spring-driven upstream seat 1o bias the How control glement against the downsireamn seat,
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where the flow conirol element often floals between the upsiream seat and the downstream
seat. Preferably, the valve frim s insertable inlo the flow bore through one end of the flow bore,
andd at Jeast the upstream seat and the flow control dlement are removable through the one end.
A retainer having an annular struchure inn the one end 15 often used 1o secure the valve tnm in
the flow bore. Preferably, the retainer comprises a retaining ring disposed in a groove in the
one end or g threaded member threadedly engaged o the one end.

[6106] In the following discussion, refergnce 15 made to the outlet bore having a smaller 1D
than the inlet bore. and the retamer being 3 refaining nng or amnular plug, by way of none
timinng example for the purposes of clarity 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 {0 release the flow control element fo {foat
hetween the upstrearns seat and the dovwnstream seat. Preferably, the valve comprises an entry
bore to an outlet bore of the flow bore, wheramn the downstream seat comprises an annudar 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 m the entry bore,

[B108] In a preferred ermbodiment of this cartridge trim example, the attachment end and the
eniry bore are threaded for threaded engagement The annular seat body conveniently
comprises internal notching for mstallation with a square bar inserted through the mlet bore.
Preferably, euther (A) the annular seat body comprises a seal bodv fange 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 oulet bore, more preferably
wherein the attachment end comprises trapezoidal screw threads; or (B) the entry bore
comprises o threaded section adjacent the mam bore receiving a threaded portion of the
attachment end. a cylindrical section adjacent an ID of the outlet bore receiving a cylindrical
portion of the attachment end, and a tapered section between the threaded and cylindrical
sections engaging a fapered porfion of the attachment end, more preferably wherein the
atiachiment end and the entry bore comprise a flare fiting profile.

[61969] In another preferred embodiment of this cartridge trim example, the entry bore
comprises a female machine tapered cone and the attachment end comprises 2 male machine
tapered cone. The attachroent end i3 received in the entry bore in an interference fit. More

preferably, the machine tapered cone comprises ridges to form a labyrinthine seal.
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61198} In another preferred embodiment, the downstream seat comprises a seat land secured
w an entry bore {6 an outlet bore of the fow bore and a seal body comprising a downstream
seat element to sealingly engage the fow control element. The seat land and the seat body have
opposing lapped surfaces for sealing engagement. preferably wherein the seat land 15 press fit
into the entry bore. The downstream seat element can comprise, for example, external notches
to facilitate lapping.

(6111} In another preferred embodiment, the downsiream seat comprises a seat body having a
downstream ssat element comprising a sealing surface sealingly engaging the flow control
clement, and a threaded element threadedly received in the entry bore and having an external
polygonal cut profile, preferably abex cut profile, for installation with a socket inserted through
the inlet bore. Preferably, the entry bore comprises 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 anvular seat
body can be a single-piace body such as a high pressure flare fitting, or a multi-piece assembly
comprising a mut threaded inio the threaded section, a tubular member, and a tapered element
such as in a hip seal or replaceable angle cut gasket.

(8112} In another preferred embodiment, the valve is bidivectional wherein the flow hore
comprizes a central bore and first and second end boras {normally oudlet and inlet boves),
whergin the central bore has an inside dlameter (1D} larger than an ID of the first end bore and
spaller thav an 1D of the second end bore. A first seat (ivpically the normally downsirearo seatd
is provided for sealing engagement bstwaen the flow control element and the valve body
adjacent the first end bore The first seat comprises a first seat body having a first sealing
surface for sealingly engaging the flow control element and an attachment end releazably
secured 1o the valve bodv. A second seat {normally the upsirearo seal) coraprises a second seat
body having a second sealing surface for sealingly engaging the flow control element. A seat
spring 15 provided to bias the second seat bodv against the flow control element, wherein the
flow contro] element floats between the first seat and the second seal. An annudar plug is
provided in sealing engagement with the valve body.

6113} The annular plug has an owter end threadedly engaged in the second end bore and an
inner end in engagement with the seat spring. A seat land is provided betwesn the second seat
body and the inner end of the annular plug, preferably formsed on the inner end of the annalar
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 1o 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 fhud
pressure higher in the first end bore relative to the second end bore compresses the seat spring,
e.g., where the seat spring is 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] To any embodiment of the valve just described, 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 to be inserted or removed from a line without welding or cutting,
allow for closer spacing to the valve body than flanges (shorter inlet/outlet ends), and also
facilitate a larger inlet end bore for instailation and removal of the trinm

6113} 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
faterally 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
position 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 fhud flow passage either pitor to or after passing of the first end of the valve
stem through the stem bore, preferably prior 1o,

[117] If desired, the passage step can also comprise passing the first end of the valve stem
through a packing gland in an open access area between the brackel and the valve body,
postiioning packing rings on the first end of the valve stem in a packing bore, and securing a
gland flange 1o the valve body 1o bias the packing gland against the packing rings.

[6118] 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 or wore 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 stemy; passing the one or more lobes of the shear bushing through the bracket
bore and passing the first end of the valve stem through the stem bore to engage the flow control
element; and rotating the shear bushing to position the one or more lobes in the radially offset

posttion. If desired, the servicing can be with the valve in line.
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[6119] If desired, the servicing method can further comprise: disengaging a gland flange from
the valve body prior {0 passing the one or more fobes of the shear bushing through the bracket
bore to disengage the first end of the sters from the flow control elersent; and afler inspecting
and/or replacing the packing rings and engaging the first end of the stem with the flow control
element, securing the gland tlange to the valve body to bias a packing gland against the packing
rings.

[6129] In any embodiment, clamping hubs can be formed or 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
accominodate a larger mlet end to facilitate isertion of the flow control element and the other
trim elements.

Repairable Valve Trim Embodiments

(6121} o ancther aspect, an embodiment of a valve disclosed herein has removable frim
components including a downstrearn seat i which at least a downsiream seat element 1
removable to allow servicing. This valve preferably has a removable stem, e.g., with the
bushing/bracket arrangement as disclosed above, but other ways to provide stem removability,
such as a bolted-on bracket (not integral), could also be emploved.

6122} This removable-tnm valve comprises a valve bodv with an axial fluid How bore
therethrough, and a spherical flow control element disposed in the flow bore and rotatalde
between open and closed positions. A valve stem has a first end in engagement with the flow
controd elernend for rotation thereof, and rernovably passes through a stero bore formed through
the valve body. The fluid flow bore comprises @ main passags, an inlet end, and an outlat end.
The main passage has a diameter larger than a diameter of the flow control element o receive
the flow control element, wherein one of the inlet and outlet ends has an nnermost dameter
equal to or larger than the diameier of the main passage.

[6123] Valve trimn comprises a downstream seat and an upsireamn seat assembly. The
downsiream seat 13 disposed behween the cutlet end and the flow control element for sealing
between the flow contrel element and the valve body. 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. 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.

[6124] The upstream seat assemddly is disposed batween the indet end and the flow control

clement, the upsiream seal assembly comprising a spring 1o bias an upsiream seal element
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against the How control element and the flovw control element againgi the downstream seat
slement, wheran the flow condrol element floats between the upstream and downstream seat
slements. A retamer is removably aftached to the valve body about the fnd flow bore and has
one o more projeciions tdo the flow bore to securs the downsiream seat, the flow control
element, and the upsiream seat assembly in the flow bore and foad the spring.

[B128] Preferably, the valve stem extends from the first end through the stew bore to a second
end selectively retained by a bracket spaced laterally from the valve body on a support. More
preferably | the valve has the stem-bushing-bracket arrangement described sbove, e g, the valve
further comprises a shoulder formed on the stem adjacent the bracket with an enlarged outer
digroeter relative to a man diameter of the stem, wheremn the shoulder supporis g first slide
bearing surface: a shear bushing having a central bore recetving the stemy, wherein the shear
bushing is disposed betwesn the stem shoulder and the bracket, wherein the shear bushing
supports a second slide beanng surface opposing the fust slide bearing eurface, wherein the
shear bushing comprises one or more miramum cutside diameter portions altemated with one
or more lobes: and a bore formed through the bracket, the bracket bore having one or more
innermost diameter portions cotresponding © the one or wore mininuan ouiside diameier
portions of the shear bushing and one or wmore laterally exiending openings comesponding fo
the one or more lohes of the shear bushing, wheren the outer diameter of the stem shoulder
and the minimman outside diameter of the shear bushing arve fess than the inpermost diameter
of the bracket bore, wherein ihe one or more lobes extend radially bevond the mnermost
diameter of the bracker bore. The shear bushing s rotgiable on the slem with respect o the
bracket between an alignment position wherein the ons or more lobes and mindmum diamster
portions of the chear bushing are radially aligned with the one or more laterally extending
openings and mimmur outside diameter portions of the bracket bove fo pass the stem and shear
bushing axially through the bracket bove, and a radially offset position wherein the one or niore
lobes and mirdnum diameter portions of the shear bushing are radially offset with respact to
the one or more laterally extending openings and munimuom ouiside diameter portions of the
bracket bore wherein the shear bushing and stern are selectively retajned by the bracket.
[6126] Preferably, as mentioned above. the innermost diaroeter of the inlet end is larger than
the inmermost 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
clement, and the downstream seat element are removable through the inlet end.

[6127] 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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[0128] Preferably, at least a portion of the downstream seat can be secured to the valve body,
preferably removably. For example, the downstream seat element can be secured directly to
the valve body, e.g. by press-fitting or threading. Alternatively, the downstream seat can
comprise an assembly comprising the downstream seat element and a seat land secured to 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 secured to the valve body where the
downstream seat element can be separately removed. e g, through the inlet end.

[3129] Preferably, the at least a portion of the downstrears seat {such as the seat tand} is press-
fit into an entry bore formed 1o the outlet end adjacent to the mam passage. For exanwple, the
downstream seat can comprise 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.
[B130] Alternatively, the at least a portion of the downstrearn seal can be threadedly recetved
i an entry bore formed m the outlet end adjacent to the main passage. For example, the
downstream seat can comprise trapezoidal screw threads to connect to the outlet end, e g..
Acre 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 fitlings. Preferably, the
downstream seat comprises intemal notching 1o the flow bore for threaded installation using a
square bar.

[6131] Other possible threaded configurations for the downstream seat include a double fernde
tubing connection to seal the downstream seat asserobly to the valve body usimg a replaceable
angle cut gasket: a lip seal compressed by a threaded exterior. In any threaded downstream seat
embodiment, the downsiream seat can comprise an external hex cwt 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
mstallation. e.g. with a tool to rotate the downstream seat, and/or 1o hold the downstream seat
for lapping o a downstream seat land and/or the flow control element.

[6133] Tn one embodiment of the repairable valve with the removable downsiream seat
elerpent, the valve is bidurectional. The upstream seat element has a sealing surface to sealingly
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. Preferably, a gasket such as. for
sxample, a spiral wound gasket, i3 shouldered between the enlarged end of the plug and the

valve body.
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8134} 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-loading spring between
the spacer and the retainer.

[6135] Preferably, at least a portion of the downstream seat is secured to the valve body, and
the downstream seal element has a taper on an cuter 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 assemblv. The sleeve has a cviindrical 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 first end adjacent the spacer {0 a second end engaging the downstream
seat element.

[68136] Prior to instaliation of the cartridge. the arms are bendable to a small angle with respect
16 a longitudinal axis (o hold the flow control element and the upstream seat asserably in an
mstaliation configuration, 1.¢, separate from the valve. Installation of the cartridge asserobly
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 elerents.

(8137} 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, wherain
the base comprises a ring tightly fitted around the proximal portion of the spacer. The sleeve
can be conveniently formed frovo rolled metal and the arms are preferably radially spaced apart
on either side of the recess in the flow conirol 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.

[0138] A method of assembling the valve just described comprises the steps oft installing the
dowastream 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; instaliing the upstream seal assembly inio the main passage against the flow control
elerpent; and installing the retainer and loading the spring fo bias the upstream seat element
against the flow control element and the flow conirol element against the downstream seat
slement. The downstream seat, the flow conirol element, and the upstream seat assembly can
be sequentially installed through the mlet end of the flow bore.

[6139] The method preferably comprises securing the downstream seat to the valve body

adjacent the outlet end, e.g., by press-fitting at least a poruon of the downstream seat mio 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 outlet end, and so on. Where the downstrearn seal is threaded, the threading
preferably comprises engaging internal notches with a square bar for rotation and/or engaging
radially spaced external notches with a tool for rotation. Altemnatively, the threading can
comprise engaging an external hex profile with a socket (6- or 12-point} for rotation.

[3140] To 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 clamyping a tool to
the inlet hub end connector, wherein the tool comprises a blind cover clamped to the inlet end
with a threaded bore receiving a threaded wember having a plate on one end and advancing the
threaded member through the threaded bore 1o push the retainer with the plate into position n
the inlet end.

[B141] In a cartridge version of the valve, the assembly method uses a valve wherein the
upstream seat assernbly forther 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 outer swface adjacent to 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. The sleeve has a
cylindrical profile with an outside diameter matching or less than the main passage diarneter
and comprises radially spaced arms extending axially from a base at a first end adjacent the
spacer to a second end extending beyond the flow control element. The arms are bent to a small
angle with respect to a fongitudinal axis to hold the How control element and the upstrearn seat
assembly m an installation configuration. The cartridpe 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 armos apart, and release the flow control element (o float
between the upstream and downstream seat elements.

[6142] A method of servicing the valve just describad comprises the steps of. removing the
retainer; removing the upstream seat assemblv from the main passage; removing the flow
contro] elernent from the main passage; and removing at least a seat element of the downstream
seat from the main passage. Preferably. the upstream seat assembly, the flow control element,
and the downstream seat are sequentially removed through the inlet end of the flow bore.
16143] Removing at least the downstream seat efement can comprise removing the downstream
seat {in its entively y or just the downsiream seat element, for example, by unscrewing at least a
portion of the downsiream 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 extermnal hex profile
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with a socket, for rotation. Alternatively, removing at least the downstream seat element can
comprise hammering at least a press-fit portion of the downstream seat from an entry bore in
the outlet end.

[G144] In another embodiment. the present invention provides a repairable valve assembly
system, comprising components adapted to be assembled together into a repairable valve. The
components comprise a valve body with an axial fhuid flow bore therethrough, wherein the
fluid flow bore comprises a maln passage. an et end, and an outlet end.

16145] A downstream seat 5 adapted t© be insertad into the main passage through the inlet end
and at least a portion of the downstream seat sealingly secured o the valve body adiacent the
outlet end. The downstream seat comprises a seat element having a sealing surface to sealingly
engage a tiow 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 nserted info the main passage through the inlet end.
[6146] The cartndge asserobly comprises the flow conirol element, an upstream seat assembly,
and a sleave. The flow conirol element has a diameter less than the diameter of the main
passage. The upstream seat assembly comprises an upstrear 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 between the spacer and the upstrears seat element.
The sleeve receives 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 upstream seal 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 1o have a diameter at least as large as an inside diameter 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 1o Hoat between the upstream and downstream seat eleroents.

[6147] Finallv, a retaining ring or other retainer is adapied to be removably attached to the
valve body about the fhad flow bore and has one or more projactions info the flow bore to
secure the downstream seat, the flow control element, and the upsirear seat assernbly w the

flow bore, and load the spring.
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[0148] 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, wherein the base comprises a sing 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 annular dise engaging a disial end of the spacer and the arms are radially spaced apart on
either side of the recess in the flow control element.

[3149] In anv embodiment of the svstem. the downstream seat comprises an assemblv
comprising the downsiream seat element and a seat land adapted to be secured to the valve
body, wherein the seat land and the downsitream seat element are adapied for sealing
engagement and compression of the downstream 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 to the main passage, and the seat land s adapied 1o be press-fit into the entry bore.
6156] To 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 ndges adapted to form a labyrinthine
seal.

6151} Alternativelv, 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 to be
threadedhy recetved mn the entry bore. For exarople. the downstream seal can coroprise
traperoidal screw threads such as Acme or metric power threads. The downstream seat can
comprise a flare fitting adapted o be threaded into the entry bore, e.g., AN or JIC high pressure
flare fittings. Where the downstream seat comprises threads, it is desirably provided with
iternal notching for instailation with a square bar.

[6152] The repairable valve assembly svstem preferably includes a valve stem having a first
end adapted o engage the flow control slement for rotation thereof. the stem adapted to extend
from the first end through a stem bore i the valve body 10 a second end away from the valve
bady, wherein the valve stem is selectively retainable 1o or rerpovable from the stent bore. For
example, the valve siem can be selectively retainable by a bracket spaced laterally from the
valve bodv on a support. The bracket can b removable from the valve body, e.g.. by bolting.
ot the bracket can be integral with the valve body where a shear bushing rotatable on the stem

can have a non-circular profile matching a profile of a bracket bore.
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18153} If desired, the system components can further include a removable valve stem having a
fisst end adapted to engage the How control element for rotation thereof, the stem adapted to
sxtend from the first end through a stem bore in the valve body to a second end adjacent to the
bracket, preferably wherein the bracket is migeral with the valve body. A shoulder s formed
on the stem adiacent the brackel with an enlarged outer diamaier relative 1o a main diameter of
the stern, wherein the shoolder supposts a first shide beasing surface. A shear bushing has a
central bore receiving the stem, wherein the shear bushung is adapted (o be disposed beatween
the stem shoulder and the bracket, wherein the shear bushing supports 3 second shide baarng
surface opposing the first slide bearing surface.

[0154] The shear bushing has one or roore munimum oulside diameter portions alternated with
one or more iobes. A bore formed through the bracket has one or more innermost diameter
portions corresponding o the one o more minimum outside diameter portions of the shear
bushing and one or more aterally extending openings corresponding 1o the one or more lobes
of the shear hushing The ouwter diameter of the stern shoulder and the minimun outaide
diameter of the shear bushing are less than the innermost diameter of the bracket bore, whereas
the one or more lobes extend radially bevond the innermosi dlameter of the bracket bore. The
shear bushing e rotatable on the stem with respect to the bracket between an alignment position
wherein the one or more fobes and nuniroum diameter portions of the shear bushing are radially
aligned with the one or more lateradly extending openings and minimum ouiside diameter
portions of the bracket bore adapted to pase the siem and shear bushing axially through the
bracket bore, and g radially offvet position wherein the one or nore lobes @nd minitoum
diameter portions of the shear bushing are radially offset with respect to the one or more
taterally extending openings and minmum outside diameter portions of the bracket bore
wherein the shear bushing and stern are adapted (o be selectively retained by the bracket.
[0155] The system preferably comprises digreitically opposed pairs of the miramum diameier
poriions and the labes 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 mermber 13 adapted o extend throogh a retention bore wn the bracket into at
least onie of the one or more Jobes of the shear busluog to retain the shear bushiog in the radially
offset position.

16156] Preferably, the bracket and support define an open access area batween the bracket and
the valve bodv. The svstem preferably 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

sten in the packing bore to form a seal between the stem and the valve body; a packing gland
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adapted o be positioned around the siem to foad the packing rings; a gland flange in the open
access area adapted to be secured 1o the valve body around the stew to load the packing gland,
and preferably one or more live Inading springs adapted to be disposed between the gland
flange and the packing gland.

[6157] Since the stem is removable in this system, the shear bushing and the packing rings can
be contiguous, even when replaced during in line servicing.

[6138] Preferably, the valve body in this system comprises clamping hubs at the inlet and outlet
ends of the fhuid flow bore.

[3159] A method of assembling a repairable valve from the components of the svstem just
described, can comprise the steps of justalling 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 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 upsiream seat element
against the flow control element and the flow conirol element against the downstream seat
clement.

(8168} 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 a ring. The assembly method can firther comprise tightly fitiing the ring around
the proximal portion of the spacer. H 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.

16161} 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.

[6162] In anv embodiment, the downstream seat can comprise an assembly comprising the
downstream sszat element and a seat land. The method of assembly can further comprise
securing the seat land to the valve body, sealingly engaging the seat land and the downstream
seat element and compressing the downstream seat element between the seat land and the flow
control element. This method can preferably further comprise forming an entry bore in the
outlet end of the valve body adjacent to the main passage, and press-fitting the seat land into
the entry bore.

[0163] Altematively, a tapered entry bore can be formed in the outlet end of the valve body

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

[0164] As a further alternative. the assembly method can comprise forming 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 downsiream
seat preferably comprises trapesoidal 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 entry bore.

[¢166] In any embodiment, the downsiream seat comprises internal notching, and the method
further comprises installing the downstream seat with a square bar.

6167} In any embodiment of the assembly method for the system of components, the valve
preferably comprises a valve stem having first and second ends, and the method frther
comprises forming a stem bore through the valve body, engaging the flow control element with
the first end of the valve stero for rotation of the flow conrol element, extending the valve stam
from the first end through the stem bore 1o 3 second end away from the valve body. and
selectively retaining or removing the valve stem in or from the stem bore.

[(3168] The valve stem s preferably selectively setainable by a bracket spaced laterally from
the valve body on a support The bracket 15 preferably imtegral with the valve body. The
assembly method preferably further comprises: forming a shoulder on the siem adijacent the
bracket with an enlasged outer diameter relative to a main diameter of the stemy; supporiing a
first shide bearing surface on the shoulder, recoiving the siem in a ceniral bore of a shear
bushing; 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 surface;
altemating 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 niore
mnermost diameter portions corresponding o the one or more nunimum oulside diameter
portions of the shear bushing and one or mors aterally extending openings corresponding (o
the one or ruore lobes of the shear bushing,

[6169] Preferably, the outer diameter of the stem shoulder and the minimure outside diameter
of the shear bushung are less than the innermost diameter of the bracket bore, and the one or
more fobes extand radially bevond the innermost diameter of the bracket bore. The mathod can
further comprige rotating the shear bushimg on the stem with respect o the bracket to an
alignment position wherein the one or nwre fobes and muninuun diameter portions of the shear

bushing are radially aligned with the one or more laterally extending openimgs and puininum
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oiside diameter portions of the bracket bore, and passing the stem and shear bushing axialls
throagh the bracket bore, The method can also comprise rotating the shear bushang on the stew
wiih respect 1o the bracket (o a radiglly offset position wherein the one or more lobes and
mininan diameter portions of the shear bushing are radially offset with respect to the one or
more laterally extending openings and mnimuom outside diameter portions of the bracket bore,
and retaning the shear bushing and stem with the bracket.

[6178] The valve preferably comprises diametrically opposed pairs of the mimunim 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, rectangular, and so on
Preferably, & threaded mersber is extended through a retention bore in the bracket into at least
one of the one or more lobes of the shear bushing to retan the shear bushing in the radially
offket position.

[6171] Tn any embodiment of the assembly method, the bracket and support can define an open
access area between the bracket and the valve hody, and the method can further comprise
forming a packing bore in 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; posiioning a packing gland arcund the stem o load the packing nings: securing 3 gland
flange in the open access area to the valve body arcund the stemto load the packing gland; and
preferably disposing one or more live loading springs between the gland flange 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 ntegral and/or where they are replaced n-line.
13172} 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 cutling,

[6173] A further method can comprise disassemblhing the repairable valve assembled fromihe
components of the system just described. The disassemblv method can comprise the steps of
removing the retainer through the inlet end; removing the sleeve, spacer, upsiream seat element
and flow control element through the infet end; and removing the downstream seat element
through the inlet end.

[6174] With reference to the drawing figures in which like parts are designated by like
munerals, FIG. 1 is a cross-sectional elevation of a repairable valve 100 according to an
embodiment of the imvention. The valve 100 has a preferably single piece valve body 102, a
flow bore 104, that is generally axially oriented for the passage of fluid. receiving a flow control

clement 106, and a valve stem 108 engaging the flow control element for rotation of a2 flow
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control bore 107 therethrough between open and closed positions aligned with the flow bore
{04 and transverse to 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 ofien defines an open
access area 154 between the bracket and the valve body. Often, bracket 150 1s provided with
bores 155 and/or bolts 155A for attaching an actuator (not shown) to operate the valve stem
108 (see FIG. 2). Preferably, the bracket 150 including support 152 with legs 1524, 152B is
formed integral with the valve body 102, eg., bv forging the bracket 150 and valve body 102
together as or into a single pigce.

[3176] 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 stern 108, The valve stem 108 is rolatably 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, €.g., rectangular, that is received in a
matching slot or recess 164 formed in the flow control element 106,

{31771 A packing gland 166 s often positioned around the valve stern 108 in the open aceess
area 1534 to load a plurahity 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-extrusion rings 172 above and
below the packing rings. A gland flangs 174 1s often secured in the open access area 154 to the
valve bodv 102 with studs 176 and nuts 178 around the stem 108 to load the packing rings 168
via one or more hive loading springs 180, which mav comprise disc springs 180A, 180B stacked
in series. The packing rings 168 are preferably contiguous since the valve stem 108 can be
removed for their installation as discussed below.

{3178] 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 cuter diameter of the stem shoulder 182 is lass
than a minor nside 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

{31791 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 (0D} 190a and

one of more minor O portions 190 altemated with one or more lobes 192 extending laterally
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to a major OD 192a, preferably a pair of diametrically opposed minor OD 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 centrat bore 193
that matches the stem diameter 183 o slidably, rotatably receive the first end 160 of the stem
10&, but smaller than the shoulder 182 so as to be retained thereon.

{31807 As best seen in FIG. 3, the stem opening 162 has an opening profile 163 shown in
alignment with bushing profile 187 in a stern release position 165, with a ninor inside diameter
(I3} 1943 larger than the minor OD. a roajor 13 194b larger than the mgor 0D, one or more
nunor 1D portions 1925a along the minor I alternated with one or more major ID portions 195b
along the major I3, and one or more opening passages 194 extending radially. te., laterally or
outwardly, from the minor 1D o the major 1D or more opening passages 194 extending
laterally, 1.e, radially outwardly, from minor 1D 194a o a major T 194b and matching the
fobes 192 to pass the shear bushing 186 and the valve stem 108 axially through when the iobes
192 of the shear bushing 186 are radially aligned with the opening passages 194 of the stem
opening 162, ¢.g., for msiallation and removal of the valve stem 108,

{3181} For example, the bushing profile 187 and the opeming profile 163 may often compnise
diameirically opposed pairs of the minor 0D portions 190, the lobes 192, the munor ID poriions
1954, and the opening passages 194, wherein the lobes are smaller than the opening passages,
such as the matching butterly profiles shownin FiGs. 2-4.

{31821 However, the valve stem 108 is retained bv 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
retention posttion 167, as best seen in FIGs. | and 4, wherein the bushing 186 1s engaged
between the bracket 150 and the stem shoulder 182. The bushung 186 is rotatable through 360
degrees in a countersunk bore 189 on the underside of the bracket 150, which often has the ID
of magor 1D 194b.

[6183] Further, a bushing retengion member 196, which may be an elongated screw, bolt, pin,
padlock, etc., preferably extends through first retaining bore 197A formed in the brackst 150
and preferably into a corresponding second retaining bore 197B formed in one of the lobes 192
of the shear bushing 186 10 retain the shear bushing in the radially offset position 167, as best
seen in FIGs. 1 and 4. The first 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 197B may be threaded. Thus, the vaive stem 108 can be removed while the
valve 100 is in ling, but is prevented from blowing out in service by radially offsetiing the shear
bushing 186 in the stern retention position 167, and the shear bushing 186 is preferably
prevented from inadvertent rotation to the stem release postiion by engaging the bushing
retention member 196,

{61847 As best seen in 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 shown) or more preferably clamping hubs 202, 204 for clamping to
similar adjoining clamping hubs of a pipe or fitting, which allow the valve 100 to be removed
from process piping without cutiing. Convections to upstream pipe 206 with clamp 208 and
downstream pipe 210 with clamp 212 are shown in FIG. 3.

[6185] With the arrangement of FIGs. 1-4, 11 is not necessary to install valve stem 108 before
mstalling the flow control element 106 and other trim 117, This provides flexability in the
manner of installation of the flow control element 106 and the trim 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.

[B3186] 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 in 2
preferred embodiment wherein the flow control element 106 floats between downstream seat
110 and spring-driven upsiream seat 112, and wherein the valve trita 117 15 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 limitation. While the following discussion herein is
directed to {oating ball valve embodimenis in a single piece valve, the skilled artisan will
appreciate the valve stem 108 and shear bushing 186 arrangeroent of F1Gs. 1-4 can be sutlably
used with any of the other valves shown in FIGs. 5-20, and any combination and permutation
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 1o the valve body 102 between an inlet end or bore 116 and an outlet end or bore 118
The main bore 114 has an D larger than an OD of the flow control element 106 or is otherwise
the main bore 114 and preferably less than an OD of the downstream seat 110 and less than the
OD of the flow conirol 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 T18.

[G188] The downstream seat 110 is 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 body 102. For example, the downstream seat 110 can comprise an assembly of a
removable, anmular downstream seat body 120 and a downstreamn 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 eylindrical entry bore 128 formed in the valve body 102 adjacent 1o the outlet bore 118, and
a seat shoulder 128 loading the gasket 122 agamst an anvular surface 130 of the valve body
102.

[G189] The upstream seat assembly 112 is preferably a pusher seat disposed in the main bore
114 between the flow control element 106 and a velainer 132 having an annalar structure, which
may be a refaiming ring received in groove 134 as shown, or a threaded member 408 (F1G. 12)
For example, the upstream seat assembly 112 can comyprise a scat spring 136, annular spacer
13&, and an upstream seat element 140,

{3190] The seat spring 136 s ofien disposed between the annudlar spacer 138 and the seat
element 140. The seat spring 136 15 preferably a disc spring or may be a plurality of disc spring
elements 136A, 136B that are alternatingly stacked for the desired spring constant and amount
of defiection.

{6191} The seat ecleroent 140 has an ooer upstream sphenical engagement surface 142 1o
contact the flow control element 106 and an outer annular upstream engagement surface 144
i contact with the seat spring 136.

[¢192] The annular spacer 138 is in turn disposed between the retainer 132 and the seat spring
136, The annular spacer 138 can have an entry taper 1384 for fluid fow transttion from the
inlet flow bore 116 10 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 upstream seat assembly 112,

{0193} The retainer 132 thus urges the annular spacer 138 against the seat spring 136, which
{oads the seat element 140 against the flow control element 106, the flow control element 106
against the seat body 120, and the seat body 120 against the gasket 122, to form the seal
between the flow control element 106 and the valve body 102

[6194] body 120body 120body 120body 120FIGs. 5-6 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 {low control bore 107
therethrough {see F1Gs. 1 and 8), a valve stem (108) to engage the flow countrol element, 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 amain bore (114),
an inlet bore (116), and an outlet bore (118).

[31958] A downstream seat {110} cormprises a seat body (120) for sealing engagement with the
valve body 102 adjacent the outlet bore 118, The seat body has a sealing swrface 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) comyprises an
upstream seat element (140) to engage the flow control element, a seat spring (136} to bias the
upsiream seat element, and an annular spacer (138) following the seat spring 136,

{31967 The cariridge assembly 304 is insertable mio the inlet bore 116 and comprises a4 sleeve
306, best seen in FIG. 6, engaging the annular spacer 138 and the flow control element 106 1o
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 sleave 306 has aleading end 376
to engage the outwardly tapered swrface 330 to expand the sleeve 306 and release the {low
control element 104 to float between the upstream seat element 140 and the downstream seat
body 120.

[G197] A retainer 132 having an annular structure is provided for removable attachinent in the
inlet bore to secure the cartridge 304 in the flow bore 104 and load the seat spring 136,

[(3198] As installed, the sleeve 306 has a cvlindrical profile with an 0D adjacent an 1D of the
main bore 114, i.e., matching the ID so that it has the same or slightlv smaller diameter. The
sieeve 306 comprises a phurality of arms 308, preferably opposing arms 308 {e.g., diametrically
opposed), extending axially from a base 310, which may comprise an annular disc 312
engaging a trailing end 139 of the spacer 138. In the embodiment seen in FIGs. 3-6, the disc
312 and arms 308 have an OD larger than, and the arms have an ID matching OD’s of the
spacer 138and seal element 140. Preferably, the arms 308 are radially spaced apart 1o permit
the lower end 156 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 may 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 cariridge 304 and the retainer 132, as shown in FIG. 5. The cartridge
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assembly 304 and the pre-loading spring 316, if present, can be retained in the flow bore 104
by retainer {retaining ring} 132 in groove 134,

[6200] The cartridge asserably 304 can be installed by spreading apart the armos 308 as shown
in FIG. 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
conpection with FIGs, 7-10. To assemble the cartridge assembly 304 prior to installation, the
arms 308 are spread outward if needed 1n a neutral position with a generally cyvlindrical profile
1o receive the upstream seat assembly 302 and flow control element 106, and then squeezed
together in a small-angle frustoconical profile {0 hold the upstream seat assembly 302 and flow
control element 106, which preferably has a smaller diameter than the mam flow bore 114, for
installation.

[6203] The downstream 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 337 formed at an enlarged diameter portion 334, After assembly of the
cartridge assembly 304, it 1s inserted in the inlet flow bore 116 until the ends of the arms 308
engage the outwardly tapered surface 330. Further advancement of the cariridge assembly
3040n 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 upstream seat
element 140 and downstream seat body 120. If desirad, the arms 308 can abut shoulder 332 for
proper axial alignment of the sleeve 3006, or there can be a space between 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 is
similar to trim 301 in the valve 300 of FIGs. 5-6 except that the sleeve 352 in the cartridge
assembly 353 has a base 354 comprising a ving 356, as best seen in FIG. 8, that tightly engages
leading end 360 of spacer 362; and except that downsirean: seat body 380 has a an attachment
end 381 comprising a machine tapered cone for fornmung an interference it in a correspondingly
machine tapered entry bore 384 for releasably securing the downstream seat body 334 to the
valve body 382,

[0203] The sleeve 352 can be conveniently formed from rolied sheet metal such that arms 358
are spaced radially apart to acconmodate 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 to proximal end 360 that is at least equal to an outside diameter of
sleeve 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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[6204] The downstream seat element 380 has a proximal spherical sealing surface 124 (see
FIG. 8) lapped (o sealingly engage the flow control element 106, an outwardly tapered surface
330. and a cvlindrical 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.
[6205] The downstream seat clement 380 comprises tapered press-fit cone 381 in
correspondingly tapered entry bore 384 to the ocutlet end 118 of the valve body 382. Press-fit
cone 381 and entry bore 384 preferablv comprise a Morse taper for sealing engagement. Tha
downstream seat element 380 15 inserted by driving the cone 381 into the entrv bore 384. Where
the downstreant 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 379 components) by
hammering the press-fit cone 381 through the outlet end 118,

{02061 With reference to the embodiment of FIGs. 7-11, prior 1o installation, the cartridge
asserubly 368 has an installation configuration 370 as shown in F1G. 9 ju 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 relatively smaller outside diameter than the spacer 362, and the
upstream seal assernbly 374, in which the upstream seat element {40 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 1364, 1368, and the spacer 362 in relative position and
aligned for inseriion through the 1nlet flow bore 116 unti] the leading ends 376 of the arras 35¥
engage the outwardly tapered surface 330 of the downstream seat body 120, as best seen in
FiG. 10

{32071 Then, with continued advancement of the cartridge assembly 368 against the outwardly
tapered surface 330, the armas 338 are spread apari to form a gap 378, release the flow control
element 106 and allow it to float between the downstream and upstream seat elements 120,
140, as seen in FIG. S. Preferably, 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 338 can
shoulder as the flow control elerent 106 engages the sealing surface 124.

{3208] Finallv, following insertion of the cartridge assembly 36&, the pre-foading spring 316
and retainer 134 are installed in the inlet bore 116, Then the stem 108 and topworks 148 can
be assembled as described above.

[0209] 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 simular to those in FIG.
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1. Flow conirol element 106 15 spherical with a flow control bore 107 formed therethrough.
Valve body 416 15 a single plece valve body compnising s How bore 104 rotatably receiving
the flow control element 106, The flow bore 114 compnises a cerdral fow bore 415 and first
and second end bores 417, 412, The central bore 415 has an instde diameter {3} farger 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 alerent 106 and the valve body 414, The first
seat 41¥% comprises a first seat body 420 comprising a first sealing surface 421 for sealinglv
engaging the flow control element 106 and an attachment end 422 releasably secured to the
valve badv 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., 6 point or 12 point hex cut} profile 428
for threading the seat element into the valve body 416 using a socket wrench.

{6211] The attachment end 422 can be formed, e.g., as a flare fitling such as a 37-degree fitting
conforming to AN {Air Force — Navy Aeronautical Design Standards} or HC (Joint Industries
Council) such as SAE JS14/180-8434-2.

{32121 Alternatively, the first seat 418 could comprise any of the downsiream seat elemenis
and/or asseriblies described herein in convection with FIGs. 1, 7, or 13-19. For example, the
first seat body 420 can comprise internal notching 660 (FIG. 14) for installation with a square
bar inserted into the second end bore 412, preferably (A} wherein the attachment end 422
comprises trapezoidal 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 surface 614 of the valve body 416 adjacent the first end bore, or (B)
wherein the attachment end section and the valve bodyv comprise a flare fitting profile 650 (FIG.
15),

{0213} The first seat body 420 preferably comprises a threaded eclement 425A threadedly
received in entry bore 423 and having an external polvgonal cut profile 428, preferably a hex
cut profile, for mstallation with a socket inserted through the second end bore 412, More
preferably, the entry bore comprises a threaded section 423A adjacent the central bore 415
recerving the threaded element 4254, a cvlindrical section 423C adjacent an 1D of the firsi end
bore 417 receiving a cylindrical element 425C of the first seat body, and a tapered section 4238
betwesn the threaded section and the cvlindrical section engaging a tapered element 4258 of
the first seat. the first seat body is preferably a single plece comprising the threaded element
425A, the external polygonal cut profile 428, and the tapered element 4258 between the

cylindrical element 425C and the threaded element, more preferably wherein the seat body 420

36



WO 2024/102377 PCT/US2023/036972

and the entry bore 423 comprise respective male and female flare fitting profiles 6504, 6508
{FI(. 15},

[6214] A second (normally upstrearn) seat 402 has a second seat body 404 having an upstream
sealing surface 405 lapped to sealingly engage the flow control element 106. A seat spring 406
biases the upstream seat element against the flow control element 106, and the flow control
elersent 106 floats between the first 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 enlarged OD that ic threadedly engaged in similarly enlarged second end 412, A
relatively reduced OD end 411 of the plug 408 extends inte the central flow bore 415 to engage
and load the seat spring 406 and secure the upsiream seat assembly 402, the flow control
clement 106, and the downsiream seat 415, in the main flow bore 114, A gasket 414, preferably
spiral wound, 1s shouldered between the enlarged end 410 of the plog 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 seai land 430 is provided between the second seat body 404 and the inner end 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 aganst
the second seat body 404 {o urge the Jow control element 106 to 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 to form a seal between the second seat body 404 and
the inner end 411 of the annular plug 408. The seat land 430 15 preferably formed on the inner
end 411 of the plug 408 around the spring 406 with a seat land height that exceeds the solid
height {fully compressed) of the seat spring 406.

[6217] FIG. 13 shows a downsireamn seat body 530 similar to the downstream seat body 380
of FIG. 7 except that the seat body 530 15 provided with ridges 552 on the cone 354 to forma
{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
deseribed 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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[¢218] FIG. 14 shows a downstream seat body 600 with an attachment end 601 comprising a
threaded element 602 with trapezoidal screw threads such as ACME power screw threads
engaged with sinular threads formed i an entrv bore 604, The assembly 600 has a flanged
section 606 adjacent the outlet 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 1s 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. 1}, the optional cartridge assembly 612 can then be inserted as described
abovein comection with FIGs. 5-11. The downstream seat assembly 600 can be removed (after
removal of the components of the cartridge assembly) by haromering the press-fit cone 502
through the outlet end 506.

[6219] FIG. 15 shows adownstream seat body 630 comprising a male flare fitting profile 650A
with extemal threads 632 at an atiachment end 653 engaged n a siilady threaded section
654 A of an entry bore 654, A cylindrical section 670 of the entry bore 654 adjacent an 1D of
the outlet end bore 113 receives a cyhindrical element 672 of the seat body 636, A bady seal 13
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 630 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 installation and removal using a square bar
inserted through the inlet bore 116 (¢f. FIG. 1). The internal notching 660 allows the seat
assernbly to have the outwardly tapered surface 330 adjacent the sealing surface 124, which
enables the use of the optional cartridge assembly 612.

{02201 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-fil in the entrv bore 704, The seat land
702 and the seat body 706 have opposing lapped surfaces 710, 712 for sealing engagement.
The seat land 702 1s not removable without damage, however, the downstream seat body 706
s removable. The downsiream seat body 706 is provided with notches 708 used in
manufacturing o 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 Jand 702 to maintain the
surfaces 124, 710, 712 in sealing engagement.

[0221] FIG. 17 shows a downstream seat assembly 750 comprsing a double ferrule tubing

connection 752 usitng 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 received in a nul 758, in the gasket 754, and shouldered against an annular surface 760 at
a bottom of the entry bore 762 adjacent to outlet bore 118, The entry bore 762 has a cylindrical
section 764 adjacent to the annular surface 760, a threaded section 766 {0 receive the nut 75§,
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 sized socket for installation and removal. As the mut 758 1s
threaded into the valve body 102, a trailing exterior tapered surface 774 of the gasket 754 is
engaged by a leading interior tapered surface 772 of the nut and a leading tapered surface 776
of the gasket 754 1¢ pressed into the tapered section 768, At the same time, an 1D surface 770
of the gasket 754 is pressed into an OD swface 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 downsiream seat assembly 800 comprising a lip seal 802 having a
leading tapered surface 803 and a threaded element or section 814 comprising an exteriorly
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 118, The entry bore 810 has a cvlmdrical section 812 adjacent to the annular
surface R0O8, 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 profife preferably a 6- or 12-
point hex cut profile 818 for use with a standard sized socket for installation and removal. As
the nut 806 15 threaded into the valve body 102, the mut loads the lip seal 802 and squeeczes U
against the tubing 804, therebv 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 inio the
valve body 102 and an external polvgonal profile 852, such as a 6- or 12-point hex cut, for
use with a standard sized socket for installation and removal. As the {lare 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 1062 and the seat 850.

{0002] FIG. 20 shows a preferred embodiment of an installation tool 900 that can be used for
installing the cartridge assemblies 304, 333 described above, aspecially 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 OD
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adjacent to an ID of the inlet bore 116 is anially fixed on a forward . As the bolt 908 1s
threaded into the bore 906, it drives flat plate 910 in direction 914 inio the inlet to press the
cartridge assembly 304, 353, anv pre-loading spring 316 and suap ring 132 wio place inside
the valve 340, i.2., until the retaining ring 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 bodyv (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 comprising a first end disposed in
a central 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 cooperating with an opening profile of the stem
opening for selective retention and release of the valve steyn, 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 stern 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 cutside diameter (GD), a major OD, and one or more
minor OD portions along the roinor OD sliernated with one or more lobes extending radially
from the ninor OD to the major OD;

the opening profile comprises a minor inside diameter (ID) larger than the minor 0D, a major
ID farger than the major OD, one or roore minor 1D portions along the minor 1D alternated
with one or more major 11 portions along the major ID, and one or more opering 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
buiter{ly profiles.

Embodiment 3. The valve of Erubodirent | or Embodiment 2, comprising a bushing
retention member securing the shear bushing in the stem retention position, preferably
wherein 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 bushing (preferably a lobe of the shear bushing).

Embodiment 4. The valve of any one of Embodiments 1 (o 3, comprising:

a pachking bore formed in the valve body coaxial with the stem bore;

one or more contiguous packing rings disposed arownd 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 in an open access area between the bracket and the valve bodv secured to the
valve body around the valve stem; and

one or more live loading springs disposed between the gland flange and the packing pland 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 bracket i3 inlegrally forged with the valve body, and the shear bushing
is contiguous.

Fmbodiment 6. The valve of one of Erabodiroents | o 5, 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 seat, wherein the flow control element floats between
the upstream seat and the downstream seat.

wherein the valve trim is 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 in the one end to secure the valve trim in the flow bore,
preferably a retaining ring in a groove in the one end or a threaded member threadediv
engaged in the one end.

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

hold the flow control element and the upsiream 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 flow control element o float between the upstream seat and the
downstream seat.

Embodiment 8. The valve of Embodiment 7, comprising:

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

whergin the downstream seat comprises an annudar 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 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 inlet bore;

preferably {A) wherein the anmuar 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 adiacent the main bore receiving a
threaded portion of the attachment end, a cviindrical section adjacent an 1D of the outlet bore
receiving a cylindrical portion of the atiachinent end, and a tapered section between the
threaded section and the cylindrical section engaging a tapered portion of the attachment end,
more preferably wherein the attachment end and the entry bore comprise a flare fitting
profile,

Embodiment 9. The valve of Embodiment 7, comprising;

an entry bore 1o an outlet bore of the flow borg;

wherein the downstream seat comprises an annular seat body comprising a downstream seat
element to seahingly engage the flow control elenient 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 machive tapered cone, wherein the attachment end is received in the eniry
bore in an interference {it;

preferably wherein the machine tapered cone comprises ridges to form a labyrinthine seal.
Embodiment 10. The valve of Embodiment 6, wherein the downstream seat comprises a
seat land secured 1u 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, whergin

the seat land and the seat body have opposing lapped surfaces for sealing engagement,
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preferably wherein the seat land is press fit into the entry bore, preferably wherein the
downstream seat element comprises external notches {o facilitate lapping.

Embodiment {1, The valve of Ernbodirsent 6. wherein

the downstream seat comprises a threaded element threadedlv received in an entrv bore to an
outlet bore of the flow bore, and an external polygonal cut profile, preferably a hex cut
profile, for installation with a socket inseried through the inlet bore;

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

maore preferably wherein:

{A) the seat body is a single piece comprising the threaded element, the external polygonal
cut profile, and the tapered element between the evlindrical elerment and the threaded
slervent, preferably wherein the seat bodv and the entry bore comprise respective male and
female flare fitting profiles; or

{B) the seat body is a tubular member comprising the cvlindrical element shouldered in the
cyhindrical section of the entry bore; wherein the threaded element comprises a not having the
extemnal 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 00D 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 trailing extenior 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;

wherein the flow bore comprises a central bore and first and second end bores, wherein 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 engagement between the flow control elemeant and the valve body
adjacent the first end bore comprising a first seat body having a fivst 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 fow countrol element, wherein the flow
cortirol element floats between the first seat and the second seat;

an annular 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 inner end loads the
seat spring against the second seat body to sealingly engage the first element when a flud
pressure is higher in the second end bore relative to the first end bore, and wherein the seat
tand sealingly engages the second seat body and the inner end of the annular plug when a
fhd pressure higher i 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
spring).

Embodiment 13. The valve according to any one of Embodiments 1 {0 12, comprising
clamping hubs {ormed on the valve body 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 info a stem opening through a bracket fixedlv supported from the
valve body;

radially aligning the shear bushing with respect {0 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
steny,

inserting a second end of the valve stem into a ster bore through the valve body to 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 stern engage

opposite surfaces of the shear bushing to retain the valve stem in the stem bore.
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Embodiment 13 The method of inserting a valve stem in a valve of Embodiment 14,
wheretn the Hlow control element is instalied 1n the flow bore prior to the engaging of the
flow control element with the second end of the valve stero.

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 in the stem retention position.

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

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

positioning one or more contiguous packing rings on the second end of the valve stemin g
packing bore: and

securing a gland flange 1o the valve body and positioning live loading springs between the
gland flange and the packing gland to hias 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, comprising integrally 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,

Embodiment 19. The method of inseriing a valve stem in a valve of any one of
Fmbodiments 14 to 17, coraprising removing the valve stem {rom 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 reruoving 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 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 in the packing bore; and

rotating the shear bushing nto 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 inspecting. replacing, or inspecting and replacing one or more contiguous packing rings,
inserting the valve stem through the ster bore and positioning the one or more packing rings
in the packing bore, positioning live loadimg 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 assembling and disassembling a valve, preferably the
valve of any one of Embodiments 1 to {3, comprising:

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

forming a flow bore throvgh the valve body;

forming a siem opening through the bracket:

forming a stem bore in the valve body {0 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 downsiream seat to form a seal between the valve body and the flow
control elernent. and an upsitream seat 1o bias the flow control elernent against the
downstream seat, wherein the flow control element floats between the upstream seat and the
downstream sea;

installing a retaner having an annualar structure (preferably a retaimng ring i a groove ora
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 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;

axiallv positioning the shear bushing between the bracket and a stem showdder on the valve
stem.

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

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

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

rotating the shear busing into the siem release position;

passing the shear bushing through the stem opening away from the valve body 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:

{Ay  wherein inserting the valve trim through the one end comprises juserting 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 the insertion into
the flow bore, and expanding the sleeve to release the flow control element to float between
the upstream seat and the dovwnstream 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, preferably comprising press-fitting the seat land
into the entry hore; or

(Cy  threadedly receiving a threaded element of the downstream 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

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

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

assembly together into a repairable valve, the componends comprising:

47



WO 2024/102377 PCT/US2023/036972

a spherical flow control element with a flow conirol 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 fow
control element and a stem bore to rotatably recetve the valve stem, the flow bore comprising
a main bore, an inlet bore, and an outlet bore;

a downsiream seat comprising a seat body for sealing engagement with the valve body
adiacent the outlet bore (preferably in an entry bore to the cutlet bore). a downstream seat
element having a sealing surface 1o sealingly engage the flow control element. and an
outwardly tapered surface adjacent the downstream seat element;

an upstream seat asserobly comprising an upstream seat element to engage the flow control
clement, a seat spring to bias the upstream seat element, and an annular spacer following the
spring;

a cartridge assembly msertable into the inlet bore comprising a sleeve supported from the
annular spacer engaging the flow conirol element and holding the upstream seat element and
the seat spring between the annular spacer and the flow control element for msertion into the
flow bore;

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

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

Embodiment 26, The repairable valve asserobly system of Embodiment 24 or
Embodiment 23 wherein the retainer comprises g retaiming ring and the inlet bore comprises a
groove 1o receive the refaining 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 tnlet bore, and wherein the annular spacer comprises an D
matching an 1D of the flow control bore.

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

fransition between the inlet end and an ID of the annular spacer and preferably an acutely
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outwardly tapered exit section, preferably wherein the seat spring comprises a spring element
adjacent the armudar spacer having an OD less than an OD of the annular spacer, and wherein
the acutelv outwardly tapered exit section of the annular spacer centers the spring element.
Embodiment 29. The repairable valve asserobly system of any one of Embodiments 24
10 28, wherein the sleeve comprises a plurality of retention arms extending forward from the
annular spacer to respective leading arm ends and bending inwardly to a small angle to
engage the flow control element, wherein the retention arms are spread apart by engagement
of the leading arm ends with the cutwardly tapered surface; preferably comprising a tang on
an end of the valve stem, and a tang recess 1o the flow control elernent 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
slesve comprises a steeve base engaging the anmuar spacer and the retention arms extend
frors the base.

Embodiment 31. The repairable valve assembly svstem of Embodiment 30, wherein 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 OD adjaceni the ID of the inlet end.

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

Embodiment 32A.  The repairable valve assembiy system of Embodiment 30, wherein the
slegve base comprises an annular dise (312} engaging a trathing end (139} of the aunular

spacer.

Embodiment 33. The repairable valve assembly svstem of any one of Embodiments 24
to 32ZA, comprising an entry bore to an outlet bore of the flow bore, wherein the downstream
seat comprises an annular seat body having an atachment end for removably securing the
annular seat body i an entry bore inio the outlet bore and a downstrearn seat element to
sealinglv engage the flow control element.

Embodiment 34, The repairable valve assembly system of Embodiment 33, wherein the
atiachment 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 inlet bora.

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

Embodiment 36. The repairable valve asserably systen of Embodiment 34, wherein:
the entry bore comprises:

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

a cylindrical section adjacent an ID of the outlet bore receiving a cvlindrical 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

the seat body 1s a single piece comyprising 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, 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 labveinthine seal in the entrv hore,

Embodiment 38. The repairable valve assembly system of any one of Embodiments 24
10 37, comprising;

a bracket fixedly supported from the valve body, preferably 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 1s contiguous, wherein the valve stem has a second end coraprising
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 stern shoulder
formed on the valve stem, wherein the shear bushing has a bushing profile {o 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, wherain the valve body comprises 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
recetving 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 entrv bore from the
main bore into the outlet bore;

a dowunsiream seal comprising a seat land and a seat bodv having opposed lapped surfaces in
sealing engagenent 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 downsiream
seat element comprising a sealing surface sealingly engaging the flow control element;

an upstreary seat assembly comprising an upstream seat element engaging the flow control
element, a seat spring 1o bias the upstrear seat element, and an annular spacer following the
seat spring; and

a retainer having an armnular structure securing the upstream seat assernbly i the fow 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.

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

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 (1D} farger than
an outside diameter {OD) of the flow control element, wherein the anoular spacer comprises
an OD adjacent the ID of the tnlet bore, and wherein the annular spacer comprises an D
matching an 1D of the flow control bore.

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

annular spacer comprises an inwardly tapered entry section for flusd flow transition between
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the infet end and the 1D of the anmular spacer and PREFERABLY an acutely outwardly
tapered exii section.
Embodiment 47. The repairable valve asserobly svsterm of Embodinent 46 wherein the
seat spring comprises 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 system of any one of Ernbodiments 24
10 47, comprising;
a bracket fixedly supporied from the valve body, preferably wherein the valve body s 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 is contigaous), 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 siem, wherein the shear bushing has a bushing profile to cooperate with
an operung profile of the slem 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 ster opening.
Embodiment 49. The repairable valve assembly system of Embodiment 48, wherein the
valve body is 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 flow condrol element with a How conirol bore therethrough;
a valve stem engaging the flow control element;
a {preferably single pigce} valve body comprising a flow bore rotatably receiving the flow
control efement and a stem bore rotatably recetving the valve stem, the flow bore comprising
a main bore, an nlet bore, an outlet bore, and an entry bore from the main bore into the outlet
bore:
a downstream seat comprising:

a seat body 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
polygonal 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 flow control element floats between the seat body and the upstream
seat element; and
a retamer 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
retaining ning disposed in a groove n the inlet bore).
Embodiment 52. The repairable valve assembly system of Embodiment 51, wherein the
eniry bore comprises:
a threaded section adiacent the main bore receiving the threaded element;
a cylindrical section adjacent an 11 of the outlet bore receiving a cylindrical element of the
seat body, and
a tapered section between the threaded seciion and the cylindrical section engaging a tapered
element of the downstrearn seal.
Embodiment 53. The repairable valve assembly 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 entry 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 entry bore comprize respective male and female flare ftting
profiles the seat body and the entry bore coroprise a flare fitting profile.
Embodiment 535, The repairable valve assembly svstem of any one of Embodiments 51
1o 54, wherein:
the seat body is a fubular member comprising the cyvlindrical element shouldered v 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 ID surface to receive the OD surface of the tubalar 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 entry bore presses the leading tapered
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 werober (;
preferably wherein the tapered element of the downstream seat comprises (1) a replaceable
angle cut gasket, more preferably whersin the replaceable angle cut gasket has a trailing
extenor tapered surface engaged by aleading intenor tapered surface of the nut, or 2y alip
seal.

Embodiment 56. the repairable valve assembly svstem of Embodiment 335 wherein the
tapered element of the downstream seat comprises a replaceable angle cut gasket, preferably
wherein the replaceable angle cut gasket has 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
fapered element of the downsiream seat comprises a lip seal.

Embodiment 58, The repairable valve of anv one of Embodiments 31 to 57 wherein the
retainer comprises a retaining ring disposed in a groove in the inlet bore.

Embodiment 59. The repairable valve of any one of Embodimenis 51 1o 58 wherein the
nlet bore and the main bore comprise an nside diameter (1D} larger than an outside diameter
{003} of the flow control element, wherein the annular spacer comprises an OD adjacent the
ID of the inlet bore, and wherain the annular spacer comprises an 1D matching an D of the
flow control bore.

Fmbodiment 60. The repairable valve of any one of Embodiments 51 (o 39 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 and preferably an acutely cutwardly taperad
exit section.

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

Embodiment 62 The repairable valve of any one of Embodiments 51 to 61, coraprising:
a bracket fixedlv supported from the valve body, preferably wherem the valve body is a
single piace bodv and the brackst 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 recetve 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 lang to engage the flow countrol 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 t¢ cooperate with
an opening profite 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 ic integrally 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} corprising:

a spherical flow contro] elervent {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, 4193, wherein the central bore has an inside diameter (1D} larger than
an 1D of the first end bore and smalier than an 1D of the second end bore;

a first seat (418) for sealing engagement between the flow controi 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 eleraent and au attachrent 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 coutrol element;

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

an annudar 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 anmular 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 fhuid
pressure 15 hugher 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 amular 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
Spring.

Embodiment 66. The repairable, bidirectional valve of Embodiment 65 wherein the seat
land s 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 g height in excess of a solid height of the seat spring.

Embodiment 68. The repairable, bidirectional valve of any one of Embodiments 63 1o
67 wherein the outer end of the anmular plug compresses a gasket {preferably a spival wound
gasket) against the valve body (preferably agawnst 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 OD’s of the inner and outer ends of the anmar
plug).

Embodiment 69, The repairable, bidirectional valve of any one of Embodiuments 65 1o
68 wherein the first seat, the flow controf element, and the second seat are removable through
the second outlet bore.

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

Embodiment 71. The repairable, bidirectional valve of any one of Embodiments 65 1o
69 wherein the attachment end of the first seat body is threadedly engaged with the valve
hody {preferably m an entry bore into the first end bore).

Embodiment 72. The repairable, bidirectional valve of Embodiment 71 wherein the firs
seat body comprises tnternal notching for installation with a square bar inserted into the
second end bore(, preferably (A) wherein the attachroent end comprises traperzoidal screw
threads. wherein the first seat bodv comprises a flanged section {606} adiacent the attachment
end and a gasket compressed betwesn the flanged saction and an annular surface of the valve
body adjacent the first end bore, or (B) wherein the attachment end section and the valve
body comprise a fare fitting profile).

Embodiment 73. The repairable, bidirectional valve of Embodiment 71 wherein the first
seat bodv comprises a threaded element 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 recetving the threaded element;

a cvlindrical section adjacent an 1 of the first end bore receiving a cylindrical element of the
first seat body, and

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

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

Embodiment 76. The repatrable, bidirectional valve of Embodiment 74 or 75, wherein
the seat body 15 a tubular member comprising the cvlindrical element shouldered 1o the
cylindrical section of the entry bore;

the threaded element comprises a nut having the external polygonal cut profile and an ID
surface {0 recetve an od surface of the tubular member;

the tapered elernent has an 1D surface to receive the OD surface of the tubular member 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 tapered
surface nto 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 vuerior tapered surface of the nut), or (23 alip
seal).

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

a bracket fixedly supported from the valve body, [preferably wherein the bracket is integrally
forged with the valve bodv}:

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

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

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

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

an operung 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 inlet and outlet bores.

i Avalve, comprising:

a valva body with an axial fluid flow bore therethroughy

aspherical fow control element disposad in the flow bore and rotatable behween open and
closed positions,

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

a valve 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 stern adiacent the bracket with an enlarged outer diameter relative
io a main diameter of the stem, wherein the shoudder supports a firsi shide bearing
surface;

a shear bushing having a central bore receiving the stern. wherein the shear bushing is
disposad betwesn the stem shoulder and the bracket, wherein the shear bushing
sapports a second slide bearing surface opposing the first shide bearing surface,
whetein the shear bushing conmprises one or more miraomnn cuside diameter poruons
alternated with one or more lobes:

a bore formed through the bracket, the bracket bore having one or more innermost diameder
porfions corresponding to the one or more minumnn outside diameter portions of the
shear bushing and e or more laterally exiending openings corresponding to the one
or more {obes of the shear bushung, wherein the citer diameter of the stem shoulder
and the mininman cuiside diameter of the shear bushing are less than the innermost
chameter of the bracket bore, wherein the one or more lobes extend radially bevond
the imnermost diameter of the bracket bove; and

wherein the shear bushung 18 rotatable on the stam with respect to the bracket between an
alignment position wherein the one o more lobsae and minimmun diamester portions of
the shear bushing are radially aligned with the one or more laterally extending
openings and mimmum cutside diameter porizons of the bracket bore to pass the stem

and shear bushing axially through the bracket bore, and a radially offset position
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wherein the one or more lobes and minimum diameter portions of the shear bushing
are radially offset with respect to the one ot more laterally extending openings and
nunimum outside diancier portions of the bracket bore wherein the shear bushing and
stem are selectively retained by the bracket
2. The valve of Embodiment 1, comprising diametrically opposed pairs of the mintmam
diameter portions of the shear bushing alternated with the fobes.
3 The valve of Embodiment 2, wherein the shear bushing and the bracket bore have
matching butterfly profiles.
4. The valve of any of Embodiments 123, further comprising a threaded member
extending through a retention bore in the bracket wio at teast one of the one or more lobes of
the shear bushing to retain the shear bushing in the radially offset position.
5. The valve of any of Embodiments 1-4, wherein the bracket and suppott are integral

with the valve body.

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

spen aceess ares between the brackei and the valve body, and wherein the valve further

COMPrises:

a packing bore formed 1 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 stem and the valve body;

3 packing gland posttioned arcund the stem o load the packing rings;

3 gland flange in the opan access area secured 1o the valve body arcund the stem to load the
packing gland; and

sreferably one or more live loading springs disposed between the gland flange and the
3 2 4 g 8

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

wherein the fhad How bore comprises & maim passages, an inlet end, and an cutlet end,
wherein the man passage bas a diametor larger than a duasseter of the flow contra]
element. wherein one of the inlet end and the outist end has an mnermost diameter
less than a diameter of the flow control element, and wherein the other one of the inlat
end and the outlet end has an innermost diarmeter equal fo or larger than the dameter

of the main passage;
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valve trim comprising a downsiream seat and an upstream seat assembly, the downstream
seat disposed between the outlet end and the flow control element for sealing between
the ftow control eleroent and the valve body, whereln the downstream seal coraprises
a body seal 1o sealingly engage the valve bodv and a seat element having a sealing
surface 1o sealingly engage the flow control element, wherein af least the downstream
seat element i3 removable from the valve body through one end of the flow bore; and

the upsiream seat assenbly disposed in the main passage batweesn the inlet end and the fow
conirol element. the upstream seat assembly comprismg a spring o bias an upstream
seat element against the flow control element and the flow control element againet the
downstream seat element, wheren the flow control element floals between the
upsiream and downstream seat elements; and

a retainer removably atiached to the valve body about the finid fow bore and having one or
more projections o the flow bore to sequre the downstream seat, the flow control
slement, and the upstremm seat assembly in the How bore and load the spring.

10, The valve of Embodiment 9, wherein at least a portion of the downstream seat 13

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

surface adiacent {o the sealing surface, the valve trimn further comprising:

a cartridge assembly comprising a slesve around the flow control element and at teast a
pottion of the upstream seat assembly, wherein the sleeve has a cylindrical profile
with an outside diameter matching or less than the maim passage diameter and
comprises radially spaced arms extending axially from a base at a first 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 t¢ hold the
flow control element and the apsiream seat assembly in an installation configuration,
and wherein installation of the cartridge assembly 1n the installation conliguration
through the inlet end of the thow 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 fonned on

the valve body af 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

of!
installing the flow control element in the fluid flow passage;

installing the shear bushing on the stem o 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
lobes 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.
13, The method of Embodiment 12. wherein the flow control element is installed inx the

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

bore.
{4 The method of Embodiment 12 or Embodiment 13, wherein the passage step
COTPEISes:
passing the first end of the valve stem through a packing gland in an open access area
hetween the bracket and the valve body;
positioning pachking 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.
is. A method of {preferably in-line) servicing the valve of any of Embodiments {-11,

comprising 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 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 stem bore to 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 o 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

ngs.

[y
i

A valve comprising.
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avalve body with an axial faid How bore therethrouglhy,

aspherical fow control element disposad in the flow bore and rolalable between open and
closed posiions;

a valve stent having a first end 1 engagement with the flow conirol element for rotation
thereof, the valve stem removably passmg through a stem bove formed through the
valve body:

wherein the flutd flow bore comprises a main passage. an inlet end, and an outiet end,
wherein the mam passage has a diameter largar than a diameter of the flow controd
element, wherein one of the inlet and outlet ends has an innermost diameter equal to
or larger than the diameter of the raio passage;

valve triro conprising a downsiream seat and an upstream seat assenbly, the downstream
seat disposed between the outlet end and the flow control 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 elerment 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 apsiream seat assembly disposed in the main passage between the infet end and the flow
controf element, the upstream seal assembilv comprising a spring to bias an upsiream

seat element against the flow control element and

he flow control element against the
downsirearn seat element, whersin the flow control element foats between the
upsiream and downsiream seat elements; and

a redainer removably attached to the valve body about the fluid flow bore and having one or
more projections into the flow bore o secare the downstreans seat, the fow control
elerment, and the upsiream seat assembly in the flow bore and load the spring.

i8. 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 laterally from

the valve body on a support.

19, The valve of Embodiment 18, further conprising:

a shoulder formad on the stem adjacent the bracket with an enlarged outer diameter relative
o a mamn diameter of the stem, wharein the shovdder supports a first shide bearing
surface;

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

t=1

disposad between the stem shoulder and the bracket, wherein the shear bushing
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supports a second slide bearing surface opposing the first slide bearing surface,
wherein the shear bushing comprises one or wore munimum outside diameter portions
atiemnated with one or more lobes;

a bore formed through the bracket, the bracket bore having one or more innermost diameter
portions corresponding (o the one or more nunimum outside diameter poriions of the
shear bushing and one or moore laterally extending openings corresponding to the ong
or more 1nbes of the shear bushing, wherein the cuter diameter of the stem shoulder
and the nunimum outside diamster of the shear bushung are less than the mnenmosi
diameter of the bracket bore, wherein the one or more lobes extend radially heyond
ithe mnermost diameter of the bracket bore; and

whierain the shear bushing is rotatable on the stem with respect to the bracket between an
alignment posiiion wherain the one or more lobes and minimum dlameter portions of
the shear bushing are radially aligned with the one or more laterally extending
openings and nunimum oulside diameter portions of the bracket bore 1o pass the stem
and shear bushing axially through the bracket bore, and a radially offset postiion
wherein the one or more lobes and minimom diameter portions of the shear bushing

gs and

o

are radially offset with respect to the one or more laterally extending openin
munimum oulside diameter portions of the bracket bore whersin the shear bushing and
stem are selectively retaned by the bracket,
20. The valve of any of Embodiments 17-19, wherein the innermost diameter of the mlet end
is larger than the innermost diaroeier of the outlet end, wherein the invermost diameter of the
outlet end 1s 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.
21. 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 metal-to-roetal sealing surface,
24. The valve of anv of Embodiments20-23, wherein at ieast a portion of the downstream
seat is secured to the valve body.
25 The valve of Embodiment 24, wherein the downstrears seal comprises an assembly

comprising the downstream seat element and a szat land secured to the valve body, wherein

63



WO 2024/102377 PCT/US2023/036972

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 conirol element.

26. The valve of Embodiment 24 or Embodiment 25, wherein the at least a portion of the
downstream seat {preferably the seat land) is press-fit into 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 lapere
press-fit cone in a correspondingly tapered entry bore in the outlet end.

28 The valve of Embodiment 27. wherein the cone comprises ridges 1o form a
fabyninthine seal.

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

30. The valve of Embodiment 29, wherein the downstream seat comprises trapezotdal
screw threads to connect to the outlet end

31 The valve of Emtbodiment 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
mtemal notching for mnstallation 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 1o 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 Emboduments 29 to 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 to 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 elemeni 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.

38 The valve of any of Embodiments 24-36, wherein the upstrean: seat assembly further

comprises a spacer between the spring and the retainer.

64



WO 2024/102377 PCT/US2023/036972

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

spacer and the retainer.

440, The valve of Embodiment 38 or Embodiment 39. wherein at least a portion of the

downstiream seat is secured to the valve body. and wherein the downsiream seat element has a

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

a cariridge 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 1o a second end engaging the downsiream seat element;

wherein the armis 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 jnstallation of the cartridge assembly in the installation configuration
through the ivlet 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 coraprises 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 tighily fitted arcund the proximal portion

of the spacer.

42, The valve of Embodument 41, wherein the sleeve s 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, whergin 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
installing the downstream seat into the main passage adjacent the outlet end for

sealing engagement with the valve body.
instaliing the flow control element into the main passage against the downstream seat;
mstaliing the upstream seat assemblyv into the main passage against the flow control

alement; and
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mstaliing the retainer and loading the spring io bias the upstream seat element against
the flow control element and the flow control element against the downstream
seat 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 inlet end of the
flow bore.
46. The method of Embodiment 44 or Embodiment 43, wherein installing the downstream
seat comprises securing the downsiream seat to the valve body adjacent the outlet end.
47, The method of Embodiment 46, comprising press-fitting at least a portion of the
downstream seat into an entry 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 nternal
notches with a square bar for rotation.
50. The method of Embodiment 48, wherein the threading comprises engaging an
axternal hex profile with a socket for rotation.
51 The wethod of Embodiment 48, wherein the threading comprises engaging radially
spaced external notches with a tool for rotation.
52, The method of any of Embodiments 44 o 51, wherein the valve comprises a hub end
connector on the valve body at the inlet end, and the installation of the retainer comprises
claraping a ool to the mlet hub end connector, wherein the ool 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 postiion in the inlet end.
33 The method of anyv of Embodiments 44 to 52, wherein the upstream seat assembly
further comprises a spacer between the spring and the retainer, wherein at {east a portion of
the downstream seat 1s 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 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 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 seat assembly in an installation configuration; and
wnistathing the cartridge assembly in the mstallation 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 release the flow control element to float between the upstream and
downstream seat 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 feast a seat element of the downsiream seat from the main passage.
5S. The method of Embodiment 54, wherein the upstream seat assembly, the flow control
element, and the downstream seat are sequentially rerooved through the inlet end of the flow
bore.
56. The method of Embodiment 54 or Embodiment 35, wherein removing at least the
downstream seat element comprises removing the downstream seat.
37, The method of Embodiment 54 or Embodunent 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 ai least the downsiream seat
element further comprises unscrewing the secured portion of the downsiream 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 5%, 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 58, wherein the unscrewing comprises engaging radially
spaced external notches with a tool for rotation,
62 The method of Embodiment 57, wherein removing at least the downstream seat
slement further comprises hammering at least a press-fit portion of the downstream seat from
an entry bore in the outlet end.
63, A repairable valve assembly system, comprising components adapted to be assembled

together into a repairable valve. the components comprising:
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avalve body with an axial flud flow bore therethrough, wherein the Guid flow bore
comprises a pmn passage, an inlet end, and an outlet end;
a downstream seat adapied 1o be jnserted fnto the main passage thwough the inlet end and at
ieast a portion of the downstream seat sealngly secured 15 the valve bodv adiacent the
ovitlet end, wherein the downstream seat comprises a seat element having a sealing
surface 1o 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 adapled to be inserted 1nto the main passage through the inlet end, the
cariridge 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 1o
engage the flow control element, an annular spacer having an outside diameter
larger than the flow conirol element, and a spring disposed between the spacer
and the upsiream 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 t¢ a second end extending bevond the
flow control element;

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
engagement with the spacer in an installation configuration; and

wherein installation of the cartridge assembly in the installation configuration through
the infet 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 retaner adapted 1o be reroovably attached to the valve body about the fuid flow bore and
having one or more projections into the flow bore 10 secure the downsiream seat, the
fow control element, and the upstream seat assembdy n the fow bore and load the
spring.

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

comprises a distal portion having an outside diameter matching the diameter of the main

68



WO 2024/102377 PCT/US2023/036972

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 repaitable valve assembly systers of Erobodiroernt 64, 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.

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
either side of the recess in the flow control element.

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

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

69, The repairable valve assembly systern of any of Embodiments 63 {o 66, comprising a
tapered entry bore formed in the outlet end of the valve body adjacent to the main passage,
wherein the downstream seat comprisas a correspondingly tapered cone adapted to be prass-
fit 1n the entry bore.

70, The repairable valve assembly sysiem of Embodiment 69, wheren the cone comprises
ridges adapied 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 o the main passage,
wherein at least a portion of the downstream seat is adapled 1o be threadedly received in the
entry bore.

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, wherein the downstream
seat comprises a flare fitting adapted to be threaded into the entrv bore.

74. The repairable valve assembly system of anv 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

cComprising:
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avabve stem having a first end adapted {0 engage the Sow control element for rotation

thereof, the stern adapted to extend from the first end through a stem bore in the valve

body (o a second end gway [ror the valve body:

wherain the valve stent is selectively retainable i1 or removable from the stem bore.

746,

77.

The repatralie valve assembly system of Embodiment 75, wherein the valve stem is
selectively retainable by a bracket spaced laterally from the valve body on a support.
The repairabie valve assembly svstem of Embodiment 76, wherein the bracket is
preferably integral with the valve bodyv. wherein the repairable valve assenibly system

further comprises:

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

10 a main diameter of the stem. wherain the shoulder supports a first slide bearing

surface;

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

adapted (o be disposed between the siem shoulder and the bracket, wherein the shear
bushing supports a second shide bearing surface opposing the first stide bearning
surface, whersin the shear bushing comprises one or more minimaum oulside diametsr

porfions aliernated with one o more lobes:

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

portions corresponding (o the one or more munimum outside diameter poriions of the
shear bushing and one or more laterally extending openings corresponding o ihe ong
ot more lobes of the shear bushing, wherein the cuter diameter of the sterp shoulder
and the nunimum outside diameter of the shear bushung are less than the mnermost
dimmeter of the bracket bore, wherein the one or more lobes extend radially beyond

the innermost duameter of the bracket bore; and

wherein the shear bushing is rotatable ou the stem with respect 1o the bracket between an

aligiiment position wherein the one or more lobes and nuniroum diameter portions of
the shear bushing are radially aligned with the one or more laterally extending
openings and minimuas ouiside diameter portions of the bracket bore adapted 1o pass
the sterp 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 respect to the ons or more laterally extending
openings and minivm outside diameter portions of the bracket bore wherein the

shear bushing and stem arz adapted o be sglectively retained by the bracket.
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78 The repairable valve assembly system of Embodiment 77, comprising diameincally
opposad pairs of the minumn dameter portions and the lobes of the shear bushing,
preferably wherein the shear bushing and the bracket bore have a butterfly profile.
70 The repairable valve assembly system of Embodiment 77 or Embodiment 78. further
comprising a threaded member adapied to extend throwgh a retention bore in the bracket into
at teast one of the one or more lobes of the shear bushing to retain the shear bushing 1n the
radiatly offset position.
80. The repairable valve assembly system of any of Embodiments 77 to 79, wherein the
bracket and support define an open aceess area between the bracket and the valve body, and
wheren the system 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 stem in the packing bore to form
a seal between the stem and the valve body;
a packing gland adapted o be posinoned arcund the stem 1o load the packing vings;
a gland fange in the open access area adapted fo be securad to the valve body around the
stern to foad the packing gland; and
preferably one or more hive loading springs adapted {0 be disposed between the gland Hange
and the packing gland.
81.  The repairable valve assembly system of Embodiment 80, wherein the shear bushing
and the packing rings are contiguous.
82. 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 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;
advancing the cartnidge assernbly to spread the arms apart and release the flow conirol
element and the upstream seat element; and
instaliing 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 downsiream seat element.
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84.  The method of Embodiment 83, wherein the spacer comprises a distal portion having
an ouiside diameter matching the diameter of the main passage and a proximal poriion having
a sroalter diameter, wherein the base comprises a ring, and furiher comprising tightly futting
the ring around 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.

86, 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 anv of Embodiments 83 to 86, wherein the downstrearo seat comprises
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 element between the seat land and the
flow contro} 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 prass-fitting the seat land into the
entry bore.

89, The method of any of BEmbodiments 83-86, further comprising forming a tapered
eniry bore in the outlet end of the valve body adjacent to the main passage, wherein the
downsiream seat comprises a correspondingly tapered cone adaptad to be press-fii in the
enlry 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 in 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 bore.

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

valve stemt having first and second ends, further comprising fornung a stem bore through the
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valve body, engaging the flow control element with the first end of the valve stam for rotation
of the How control element, extending the valve stem from the first end through the siem bore
to asecond end away B the valve body, and sefectively retaning or removing the valve
stem in or from the stem bore.

Q8. The method of Embodiment 93, wherein the valve stem is selectivelv refamnable bv a

bracket spaced taterally from the valve body on a sapport.

N
~3

The methad of Embodiment 96, wherein the bracket is preferably integral with the

valve bodv; and further comprising:

forming a shoulder on the stem adpacent the bracket with an enlarged outer diameter relative
io g main diameter of the stem;

supporting a first slide bearing surface on the shoulder

recetving the stem in a central bore of a shear bashing,

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

supporting a second slide bearing surface on the shear bushing cpposing the first slide
bearing swface;

altemativg one or more minimum outside diameter portions of the shear bushing with one or
more fobes;

forming a bore through the bracket. wherein the bracket bore has one or more innermost
diameter porttons corresponding {o the one or more minimum cutside diameter
portions of the shear bushing and one or more laierally extending openings
corresponding 1o the one or more lobes of the shear bushing, wherein the outer
diameter of the siem shouider and the minimum outside diameter of the shear bushing
are fess than the munermost diameter of the bracket borg, wherein the one or more
Iobes extend radially beyond the innermost diameter of the bracket bore;

rotating the shear bushing on the stem with respect o the bracket (o an alignment postiion
wherein the one or more {obes and minmuam diameter portions of the shear bushing
are radially aligned with the one or more faterally extending openings and minimum
outside diameter portions of the bracket bore and passing the stem and shear bushing
axially through the bracket bore, and

rofating the shear bushing on the stere with respect to the bracket to a radially offset position

wherein the one or more lobes and minimom diameter portions of the shear buching

are radiallv offset with respect to the ove or more laterally extending openings and

munimum oulside diameter portions of the bracket bore and retaining the shear

bushing and sigm with the bracket.
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9%, The method of Embodiment 97, wherein the valve comprises diametrically opposed
pairs of the minimurn diameter portions and the lobes of the shear bushing, preferably
wherein the shear bushing and the bracket bore have a butterfly profile,
a9 The method of Embodiment 97 or Embodiment 98, further conyinising extending a
threaded member through a retention bore in the bracket into at least one of the one or more
lobes of the shear bushing to retain 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 bore in the valve body coaxial with the stem bore;
disposing one or roore packing rings about the stem in the packing bore fo form a seal
between the stem and the valve body;
positioning a packing gland around the stem (o load the packing rings;
securing a gland flange in the open access area (o the valve body around the stem o load the
packing eland: and
preferably disposing one or more live loading springs batween the gland flange and the
packing gland.
0t The wethod of Ernbodiment 100, wherein the shear bushing and the packing rings are
configuous.
102.  The method of any of Embodiments 83 1o 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, {urther comprising disassembling the
repairable 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 inlet end; and
removing the downstream seat element through the inlet end.
104, A bedirectional valve comprising:
a valve body with an axial hutd flow bore therethrough;
g spherical flow conirod elernont disposed in the flow bore and rotatable between open and
closed pasitions;
a bracket spaced laterally from the valve body on a sapport;
a valve stem having a firet end engaging the flow control element for rotation thereof, the
stem extending fron the first end through a stem bore 1o the valve body 1o a second

2nd adjacent to the bracket;
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a shoudder formed on the stem adiacent the bracket with an enlarged outer diameter ralative
to o main dismeter of the stom, wherein the showlder supports a first slide bearing
surface;

a shear bushing having a central borg receiving the stem. whersin the shear bushing is
disposed between the stem shoulder and the bracket, wherein the shear bushing
sapports & second shide bearing surface opposing the fust slide bearing surface,
wherein the shear bushing comprises one or more minnan ouiside diamster portions
alternated with one or more {obes;

a bore formed through the bracket, the bracket bore having one or more innermost diameter
portions corresponding to the one or more nunimure outside dameter portions of the
shear bushing and one or more laterally extending openings corresponding to the one
or more lobes of the shear bushing, wherein the outer diameter of the stern shoulder
and the muninmm outside diameter of the shear bushing ave less than the innermost
diarneter 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 1S votatable on the stem with respect (o the bracket betwesn an
aligrynent position wherein the one or wore lobes and maniroum diameter portions of
the shear bushing are radially aligned with the one or more laterally extending
openings and mininnam mdside diameter portions of the brackeat bore (o pass the stem
and shear bushing asially through the bracket bore, and a radiallyv offset postlion
whetein the one or more lobes and munimum daroeter portions of the shear bushing
are radially offset with respect to the one or more laterallv sxiending openings and
mininam oulside diameter portions of the bracket bore wherein the shear bushing and
stern are selechively retmned by the bracket:

wherein the Huid Jow bore comprises a main passage, an inlet end, and an outiet end.
wherein the main passage has a diameter larger than a diameter of the tlow condrol
element, wherein the infet end has an mnermost diameter equal to or larger than the
chameter of the main passage, wherein the innermost diameter of the inlet end is
larger than the innermost diameter of the outlet end, wherein the innermost diameter
of the outlet end is 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 trim comprising a downsirean seat and an upsiream seat assembly, the downstream

seat disposed between the outlet end and the flow conirod element for sealing between
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ihe flow conirol element and the valve body, wherein the downstream seat comprises
abody seal 1o sealingly engage the valve body and a seat elemeni having a sealing
surface to sealingly engage the flow control elernent, 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 atleasta
portion of the downsiream seat is secured to the valve body; and

the upsiream seat assenbly disposed in the main passage batweesn the inlet end and the fow
conirol element. the upstream seat assembly comprismg a spring o bias an upstream
seat element against the flow control element and the flow control element againet the
downstream seat element, wheren the flow control element floals between the
upsiream and downstream seat elements; and

a retainer removably atiached to the valve body about the finid fow bore and having one or
more projections o the flow bore to sequre the downstream seat, the flow control
slement, and the upstrem seat assembly in the fow bore and load the spring;

wherein the upsiream 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.

[6223] The invention is described above in reference 1o spectfic examples and embodiments.

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

is Ulustrative 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 embraced thereby.
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CLAIMS

We claim;

I A valve (100} comprising:

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

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

a bracket {150} fixedly supported from the valve body and comprising a stera 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 selechive retention and release of the valve stem, wherein the shear bushing
is rotatable between a stem release position {165), wherein the bushung profile is 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 hore,

2. The valve of claim 1, wherein:

the bushing profile comprises a nunor outside diameter (0D} (190a), a major OD (192a), and
one or more minot OD portions {190) along the nunor 0D alternated with one or more lobes
{192) extending radially from the minor OD to the major OD;

the opening profile comprises a minor inside diameter (1D} (194a) larger than the minor OD,
a maor 1D (194b) larger than the rajor O, one or more nunor 1D portions (195a} along the
minor I3 altemated with one or more major 1D portions (195b) along the major 1D, and one
or more opening passages {194} extending radially from the munor ID to the major ID;
preferably wherein the bushing profile and the opening profile comprise diametrically
opposed paus of the rotnor OO porttons, the lobes, the munor 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

butterfly 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
elongated to extend through a first retairung bore (1974) 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 stems in the packing
bore to form a seal between the valve stem and the valve body;

a packing gland {1606} positioned around the valve stemy

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

ane or more live loading springs (180, 180A, 180B) disposed between the gland flange and
the packing gland to foad the packing gland and the packing rings.

5. The valve of claim 1, wherein the valve body 1s a single piece bodv, the bracket is
integratly forged with the valve body, and the shear bushing is contiguous.

6. The valve of claim 5, comprising:

valve trim {117} comprising the flow control element, a downstrean seat (110} to forro a seal
hetween the valve body and the flow control element. and an upstream seat {112) that is
spring-driven to bias the flow control element against the downstream seat, wherein the flow
control element floats between the upstream seatl and the downsiream seat;

wherein the valve trirn 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 (132) having an anmuilar structure in the one end to secure the valve tim in the flow
bore, 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,

352} to hold the fiow control element and the upstream seat fogether in relative position for

78



WO 2024/102377 PCT/US2023/036972

insertion through an mlet bore (116} of the flow bore into a main bore {118} of the flow bore,
wherein the sleeve is expandable to refease the flow conirol element to floai between the

upstream seat and the downsiream seat.

8. The valve of claim 7, comprising:

an entry bore {128) to an oputlet 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 secunng the ammular 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,

9. 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, 550} comprising a
downstream sealing surface {124) (o sealingly engage the flow control element and an
attachment end (381) for removably securing the annular seat body 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 18
received in the enlry 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 downstrearm seal comprises a downstrearn seat land
{702) securad in an entry 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 info the entry bore, preferably wherein the

downstream seat element comprises external notches (708) to facilitate lapping.
[ The valve of claim 6, wherein:

the downstream seat comprises a threaded element (4254, 757, 814} threadedly received in

an eniry bore (423, 762. 810} to an outlet bore (114} of the flow bore, and an external
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poly gonal 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 3. comprising:

whergin the flow bore comprises a central bore and first and second end bores, wheremn the
central 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 conirol 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;

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

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

an annolar plug in sealing engagement with the valve body, the annular plug having an outer
end threadedly engaged in the second end bore and an 1oner 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 1o sealingly engage the first element 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
plug when a fluid pressure higher in the first end bore relative to the second end bore
compresses the seat spring.

3. 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 in a flow bore through a valve body;

mserting a first end of a valve siem into a central bore of a shear bushing;

inserting the valve stem into a stem opening through a bracket fivedly supported from the

valve body;
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radially aligning the shear bushing with respect to the bracket in 2 stem refease position
wherein a bushing profile of the shear bushing cooperates with an opening profile of the stem
opering for axial 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;

imserting a second end of the valve stem into a stem bore through the valve body o engage
the flow conirol element; and

rotating the shear bushing info 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

oppostiie surfaces of the shear bushing to retain the valve stem in the stem bore,

LS. The method of inserting a valve stem in a valve of claim 14, wherein the flow control
elerent is installed in 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 {rom rotation {o retain the shear bushing in the stern refention 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 positioning live loading springs between the
gland flange and the packing gland to bias the packing gland against the one or more packing

Tings.

I8.  The method of inserting a valve stem in a valve of any one of claims 1410 17,
comprising integrally forging the bracket with the valve body, fornuing the stem opening
through the bracket. and forming the stem bore through the valve body in alignment with the

stem opening.

19, 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, compiising:
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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 siem operung 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.

20.  The method of inserting and remeving 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 stern;
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 stern shoulder, mserting the valve stem through the stem bore, engaging the
flow control element with the second end of the valve stem, and positioning the one or more
packing rings inn the packing bore: and

rotating the shear bushing into the stem retention position.

2% The method of inserting and removing a valve stern from a valve of elaim 20,
comprising:

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

after inspecting, replacing. or inspecting and replacing one or more contiguous packing rings,
inserting the valve stem through the stem bore and posttioning 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 bodv 1o bias the packing gland aganst 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 siem 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 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 conirol element loais between the upsiream seat and the
downsiream seat;

installing 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 siem opening;

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

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

rotating the shear bushing info a stem retention position wherein the bushing profile is offeet
from the opening profile 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
posttion:

turning the valve stem 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 operung away from the valve body to disengage
the second end of the valve stem from the flow control element and remove the valve stem
from the siem bore,

removing the retainer 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 endry bore to an outiet 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 {low control element, preferably comprising

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

25, The method of assembling and disassembling a valve of claim 22, comprising
threadedly receiving a threaded element of the downsirearm seat in an entrv hore {o 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.

26. 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 repairable valve assembly system, comprising components for assembly together
into a repairable valve, the components comprising:

a spherical flow control elemeant {106} with a flow control bore (107) therethrough;

a valve stemn (108) 1o engage the flow control elerpent:

a valve body (102, 382) 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 comprising a
main bore (114), an inlet 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 efement and an outwardly tapered surface (330} adjacent the downstream seat
element;

an upstrearn seat assembly (302) comprising av upstrearn seal 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) insertable 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 conirol element for insertion mto
the flow bore,

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

a retainer (132) having an anmular structare for removable attachment in the injet bore to

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

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

{316) between the retaimer and the annular spacer.

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

retaining ring and the inlet bore comprises a groove (134} 1o receive the retaining ring.

30.  'The repairabie 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
conirol element, wherein the annular spacer comprises an OD adiacent the 1D of the infet
bore, and wherein the annular spacer comprises an I3 matching an ID of the flow control

bore.

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

with the cutwardly tapered surface.
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34, The repairable valve assembly system of claim 33, comprising a tang (157} on an end
of the valve stem, and a tang recess (164) i the flow control element to receive the tang,

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

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

base.

36, The repairabie valve assembly system of claim 35, wherein the annalar spacer
comprises a trailing portion comprising the OD adjacent the 113 of the inlet bore and aleading
portion with a recessed OD, wherein the sleeve base comprises a ring (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 systerm of claim 35, wherein the sleeve base comprises

an annular disc (312) engaging a trailing end (139) of the anunular 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 armular seat body
having an attachment end for removably securing the annular seat body in the entry bore and

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

33, The repairable valve assembly systern of claim 38, wherein the attachment end and
the entry 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, wherein the annular seat body
comprises a seat body flange between the attachment end and the downstream 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 attachment 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 1 of the outlet bore receiving a cylindrical portion of the
seat body, and

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

wherein the seat body is a single piece comprising the threaded portion, the cylindrical
portion, and the tapered portion, preferably wherein the seat bodv and the entrv bore

comprise respective male and female flare fitting profiles.

42 The repairable vaive assembly system of claim 38, wherein the entry bore is taperad,
and wherein the attachment end of the annular seat body is tapered for forming an
interference fit in the tapered eniry 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 system 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 ceniral bore to slidably receive a first end of the valve stem, wherein
the valve stem has a second end comprising a tang 1o engage the flow control element, and
wherein the sleeve comprises a space o receive the tang;

wherein the shear bushing is rotatably disposable between the bracket and a stem shoulder
tormed on the valve stem, wherein the shear bushing has a bushing profile to cooperate with
an opening profife 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 integrally forged with the valve body, and the shear bushing is

contiguous.

45, The repairable valve assemblyv system 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 clavms 27 1o 45,

47. A reparable valve comprising:

a spherical flow control 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 compnising a main 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
tapped surfaces in sealing engagement between the downstream seat land and the seat body,
whergin the downstream seat land has an attachment end sealingly received i the entry bore,
wherein the seat body has a downstream seat eleroent 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 1o 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 floats 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 1s press-fit in the

entry bore.

50. The repairable valve of claim 47 wherein the retainer comprises a retalning ring

disposed in a groove in the inlet bore.
51, The repairable valve assembly system of claim 47 wherein the inlet bore and the main

bore comprise an inside diameter (1D} larger than an outside diameter (OD) of the flow

conirol element, wherein the annular spacer comprises an OD adjacent the ID of the inlet
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bore, and wherein the annular spacer comprises an [D} maiching an ID of the flow control

bore.

52 The repairable valve assembly system of clairm 51 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.

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

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

S4.  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 flow control element;
wherein the shear bushing 1s 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 siern for axial passage through the siem opening.

55. The repairable valve assembly system of claim 34, wherein the valve body is a single
piece body, the bracket is integrally forged with the valve body, and the shear bushing is

coriguous.

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 countrol 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 mto the outlet hore;

a downsiream seat comprising:

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

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

an upstream seat asserably 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

4 retainer having an annular stracture 1o the inlet bore securing the upstream seat asserbly in

the flow bore and toading the seat spring.

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

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

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

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

elernent of the downsiream seat.

59. The repairable valve of claim 56, wherein the seat body i3 a single piece comprising
the threaded element, the external polvgonal cut profile, and the tapered element belween the

cylindrical eleroent and the threaded element.

60. The repairable valve of claim 39, wherein the seat body and the entrv bore comprise
respective male and fermale flare fifting profiles the seat body and the entry bore comprise a

flase {itting profile.
61 The repairable valve of claim 58, wherein:

the seat body 18 8 tubular mewber comprising the cylindrical element shouldered in the

cyvlindrical 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 1o recetve 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 feading tapered surface; and

threading the nut into the threaded section of the entry bore presses the leading tapered
surface into engagement with the lapered section of the of the entry bore and the ID surface

of the tapered element into engagement with the 0D 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 repairabie valve of claim 61 wherein the tapered element of the downstream seat

comprises a lip seal,

64, The repairabie valve of claim 37 wherein the retainer comprises a refaining ring

disposed in a groove in the inlet bore,

63, The repairabie valve of claim 57 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 1D of the infet bore, and wherein

the annular spacer comprises an 1D maiching an 1D of the flow control bore.

66, The repairable valve of claim 57 wherein the annular spacer comprises an inwardly
tapered entry section for fhad flow transition between the infet end and the 1D of the anmular

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
annular spacer comprises an acutely outwardly tapered exit section, and wherein the acutely

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

a bracket fixedly supported from the valve body:;

a siem opening in the bracket aligned with the stern bore;
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a shear bushing with a central bore to slidably recetve a first end of the valve stem and
wheretn the valve stem has a second end comprising a tang to engage the flow conirol
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 t¢ cooperate with
an opening profite 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,

69 The repairable valve of claim 68, wheretn the valve body 19 a single piece body, the

bracket is mntegrally 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 indet and outlet bores.

71, Arepairable, 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
confrol element (106). the flow bore comprising a ceniral flow bore (413) and first and
second end bores (417, 412), wherein the ceniral 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 fivst seat {(418) for sealing engagerent between the flow control elernent 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 seat body (404) having a second sealing surface
{405} for sealingly engaging the flow control element;

a seat spring (406} to bias the second seat body against the flow control element, wherein the
flow control element foats between the first seat and the second seat;

ao annular plug (408) in sealing engagernent with the valve body, the aonular plug having an
outer end (410) threadedly engaged in the second end bore and an inner end (411 in
engagement with the seat spring; and

a seat land (430) between the second seat body and the inner end of the anmular plug for
sealinglv 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 corupresses the seat
spring {preferably wherein the seat land has a height in excess of a solid height of the seat

spring}.

70.  The repairable, bidirectional valve of claim 69 wherein the seat land is formed on the

inmer end of the annular plug around the seat spring.

-3

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

xcess 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 ceniral bores
of the flow bore and between ouiside 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

element, 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 attachment end of the first seat body.

75 The repairable, bidirectional 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 735 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 traperoidal screw threads (604},
wherein the first seat body comprises a flanged section {602) adjacent the attachment end and

a gasket (608) compressed between the flanged section and an annular surface (614) of the

93



WO 2024/102377 PCT/US2023/036972

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, hidirectional valve of claim 75 wherein the first seat body comprises a
threaded element (425A) threadedly recetved 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 repairable, bidirectional valve of claim 76 wherein the entry bore comprises:

a threaded section (423 A, G534 A, 766, 814) adjacent the central bore receiving the threaded
element;

a cvlindrical section (423C, 670, 764, 812) adjacent an ID of the first end bore receiving a
cviindrical element (425C, 756, 804) of the fivst seat body, and

a tapered section (423B. 658, 768, 816) between 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 {irst seal bodv is a single
piece (650} comprising the threaded element, the external polygonal cut profile, the tapered
element and the cvlindrical element, preferably wherein the {irst seat body and the entry bore

comprise respective male and female flare fitting profiles (650A. 630B).

R4, The repairable, bidirectional valve of claim 78, wherein:

the seat body is a tubular member (756, 804} comprising the cylindrical element shouldered
in the evlindrical section of the entry bore;

the threaded element comprises anut (758, 804) having the external polygonal cut profile and
an ID surface (739) to receive an QD surface (757} of the tubular member;

the tapered element has an 1D surface 770 to receive the OD surface of the tubular member
ahead of the nut and has a leading tapered surface (776); and

wherein threading the nut into the threaded section of the eniry bore presses the leading
tapered surface into engagement with the tapered section of the of the entry bore and the 1D
surface of the taperad element into engagement with the OD surface of the tubular member;
preferably wherein the tapered element of the downstream seat comprises (1) a replaceable

angle cut gasket (754). more preferably wherein the replaceable angle cut gasket has a
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tratling exterior tapered swrface (772) engaged by a leading interior tapered surface of the nut

(772), or (2) a lip seal (802).

81 The repairable, hidirectional valve of claim 69, comprising:

a bracket (150} fixedly 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 siem {preferably wherein
the shear bushing is contiguouns), wherein the valve stem has a second end comprising a tang
to engage the flow control element;

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

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

§2. The repairabie, bidirectional valve of claim &1, wherein the valve body comprises

clamping hubs at the inlet and outlet bores.

17. A valve comprising.

a valve body with an axial thid flow bore therethrough;

3 spherical flow conirol element disposed in the flow bore and rotatable between open and
closed positions;

a valve stem having & first end in engagement with the flow control element for rotation
thereof, the valve stem removably passing through a sterm bore formed through the
valve body;

wherein the thud flow bore comprises a main passage, an inlet end, and an cutlet end.
wherein the matn passage has a diameder larger than a diameter of the flow control
glement, wherein one of the indet and outlet ends has an innermost diameter equal o
of larger than the diameter of the main passage;

valve trim comprising a downsiream seat and an upstream seat assembiy. the downstream
seat disposad between the outlet end and the flow conidrol element for sealing betwean
the flow control element and the valve body, wherein the downstream seal 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
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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 upstrean seat assembly disposed in the roain passage between the infet end and the flow
control element, the upstream seat assembly comprising a spring {o bias an upsiream
seat efement against the flow control element and the flow control element against the
downstrearn seat element, whersin the flow control element foais between the
upsiream and downsireain seat elements; and

a retamer removahly gttachad to the valve body about the fhud flow bore and having one or
more projections into the flow bore to secure the downstream seal, the How contyol

element, and the gpstream seat assembly in the flow bore and load the spring.

i8. The valve of claim 17, wherein the valve stem extends {rom the first end through the
stews bote to a second end selectively refained by a bracket spaced laterally from the valve

hodv on a support,

i9. The valve of clagm 18, further comprising:

a showlder formed oo the stem adiacent the bracket with an enlarged outer diameter relative
to a man diameter of the stem, wheremn the shoulder supports a first <lide bearing
surfuce;

a shear bushing having a central bore receiving the stem, wherein the shear bushing is
disposed benween the stern shoulder and the bracket, wherein the shegr bushing
supports a second shide bearing surface opposing the first slide bearing surface,
wherein the shear bushing comprises one or more mininnim ouiside diameter portions
alternated with one or more lobes;

a bore formed through the bracket. the bracket bore having one or nwre innormost diameter
portions corrgsponding o the one or more nuninwum outside diameter porfions of the
shear bushing and one or more lateradly extending openings corresponding fo the ong
or suore lobes of the shear bushing, wherein the cuter diameter of the stern shouider
andd the nunieum outside diameter of the shear busiung are less thar the inperost
diarneter of the bracket bore, wherein the one or more lobes extend radially beyond
the innermost diameter of the bracket bore; and

wherein the chear bushing 13 rotatable on the sten with respect (o the bracket betwesn an
aligrinent position whergin the ong or more lobes and minimum diamster portions of

the shear bushing are radially aligned with the one or more laterally extending
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openings and minimum outside diameter poritions 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 lobes and roumum dameter portions of the shear bushing
are radially oifsef with respect 1o the one or more laterally axtending openings and
mintmem ouistde diameter portions of the bracket bore wherein the shear bushing and

stem are selectively retaimed by the bracket.

20. The valve of clarm 17, wherein the innermost diameter of the inlet end is larger than the
wmermost diameter of the oullet end, wherein the mnermost 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 (o seal

with the valve body

22. The valve of claim 21, wherein the downstream seaf 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.

25, The valve of claim 24, wherein the downstream seat cornprises 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

element 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 formad in the outlet end adjacent to the main passage.

27. The valve of claim 26, wherein the downstream seat comprises a tapered press-fit

cone 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 io form a labyrinthine seal.

29 The valve of claim 24, wherein the at least a portion of the downstream seat is

threadedly received 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 trapezoidal screw

threads to connect to the outlet end.

3t The valve of claim 29, wherein the dowunstream seat coroprises a flare fitling threaded

into the vaive body.

32, The valve of claim 29, wherein the downsiream seat comprises jnternal noiching for

mstaltation 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 downsiream seat comprises extermnal notches.

37. The valve of claim 24, wherein the valve i3 bidirectional, wherein the upsiream seat
elernent 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 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.

40.  The valve of claim 38, wherein at least a portion of the downstream seat is secured 1o
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 element and at easta
portion of the upstream seat asserbly, wherein the sleeve has a cylindrical profile
with an outside diameter matching or less than the main passage diameater 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 smali angle with respect to a longitudinal axis to hold the
flow control element and the upsiream seat assembly in an instaliation configuration,
and wherein installation of the carinidge assembly in the installaiion confliguration
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 upsiream and downstream seat elements.

41, The valve of claim 40, wherein the spacer comprises a distal portion having an
guiside diameter matching the diamster of the main passage and a proximal porfion having a
smaller diameter, wherein the base comprises a ring tightly fitted around the proxumal portion

of the spacer.

42, The valve of claim 41, wherein the slesve is formed from rolied 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 radiafly 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 of:
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mstalling the downstream seat info the main passage adjacent the cutlet end for
sealing engagement with the valve body,

installing the flow congrol element into the main passage against the downstream seat:

instaliing the upstream seat assembly into the main passage against the flow control
element; and

stalling 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 element.

45 The method of claim 44, wherein the downstream seat, the Jow condrol element, and

the upstrean seat assembly are sequentially instalied through the inlet end of the flow bore.

46. The method of claim 44, wherein installing the downstream seat comprises securing

the downstrearn 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 i 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 48, wherein the threading comprises engaging internal noiches

with a sguare bar for rotation.

30. The method of claim 48, wherein the threading comprises engaging an external hex

protiie 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 comprises a hub end connector on the
valve body at the inlet end, and the instaliation of the retainer comprises clamping a tool to
the inlet hub end connector. wherain the tool comprises a blind cover clamped to the inlet end

with a threaded bore receiving 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

postiion in the inlet end.

53 The method of claim 44, wherein the upstream seat assembly further comprises a

spacer between the spring and the retainer, 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 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 cvhindrical
profile with an outside diameter matching or less than the main passage diameter and
comprises radially spaced arros 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 small angle with respect to a longitudinal axis to hold the flow
control element and the upstream seat assembly in an installation configuration; and

installing the cartridge assembly in the mstallation configuration through the inlet end of the
flow bore to cause the second ends of the arms to contact the taper, spread the arns
apart, and release the flow control element to float between the upstream and

downstream seat elerments.

54, A method of servicing the valve of claim 20, comprising the steps of
emoving 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 downstream 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 at least the downstream seat element
comprises removing the downstream seat element separately from a portion of the

dowunstream seat secured to the valve body,

58. The method of claim 57, wherein removing at least the downstream seat element
further comprises unscrewing the secured portion of the downstream seat from an entry bore

in the outlet end.

59 The method of claim 38, wherein the unserewing comprises engaging internal votches

with a square bar for rotation.

60. The method of claim 58, wherein the anscrewing comprises engaging an external hex

profile with a socket for rotation.

61, The method of claim 58, wherein the unscrewing comprises engaging radially spaced

axternal notches with a tool for rotaiion.

62, The method of claim 57, wherein removing at least the downstream seat element
further comprises hammering at least a press-fit portion of the downsiream seat from an entry

bore in the oullet 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 waal flaid Sow bore therethrough, wherain the fluid fow bore
COMPIises & mawn passage, an et end, and an cutlel end;

a downsireatn seat adapiad 1o he insertad into the main passage through the inlet end and &t
feast a portion of the downstream seat sealingly secured to the valve bodv adjacent the
outlet end, wherein the downstream seat comprises a seal element having a sealing
surface to sealingly engage a flow coutrol elernent 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 inserted 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 upstream seat assembly comprising an upstrearn seat element having a surface to
engage the flow control element. an annular spacer having an owiside diameter
larger than the flow control element, and a spring disposed between 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 {0 a second end extending beyvond the
flow control element;

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
engagement with the spacer in an installanon 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 elersent to floal
between the upstream and downstrean seat elerents; and

a retainer adapted to be removably aitached to the valve body about the fhud flow bore and
having one or more projections into the flow bore 1o secure the downsiream seat, the
flow control elemoent, and the upsiream seat assembly 1o the flow bove and load 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 cormprises a ring tightly fitted

around the proximal portion of the spacer.
6S. 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.
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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

sither side of the recess i the flow control elerent,

67.  The repairable valve assembly system of claim 63, wherein the downsiream seat
comprises an assembly comprising the downstream seat element 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 compreassion of the downstream seat element between the seat

fand and the flow conirol element.

8. The repairable valve assembly system of claim 67, comprising an eniry bore formed
in the outlet 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 system of claim 63, comprising a tapered entry bore
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 hore.

70.  The repairable valve assembly system of claim 69, wherem the cone comprises ridges

adapted to form a labvrinthine seal.
71.  The repairabie valve assembly system of claim 63, comprising a threaded entrv bore
formed in the outlel end of the valve body adjacent to the main passage, wherein at least a

portion of the downsirean seat is adapied to be threadedly received in the entry bore.

72, The repairable valve assembly system of claim 71, wherein the downsiream seat

comprises traperoidal 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 downstream 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 stent having a first end adapted (o engage the Jow condrol element for rotation
thereof, the stem adapted (o extend from the {irst end through a stem bore in the valve
body 1o a second end away from the valve body,

wherein the valve siern s selectively retainable in or removable from the stem bore.

7. The repairable valve assembly system of claim 75, wherein the valve stem s

selectively retainable by a bracket epaced laterally from the valve body on a support.

The repairalie valve assembly system of claim 76, wherein the bracket is mtegral

i
i

with the valve body; wherein the repairable valve assembly system further comprises:

a shoulder Tormed on the stern adiacent the bracket with an enlarged outer diameter relative
to avoain 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
adapied 10 be disposed between the stom shoulder and the bracket, wherein the shear
bushing supports a second slide bearing surface opposing the fivst shide bearing
surface, wherein the shear bushing comprises one or more mintmum outside diameter
portions alternated with one or more lobes;

3 hore formoed through the bracket, the bracket bore having one ot more nermost dismeter
portions corresponding to the one or more minimum ouiside diameter portions of the
shiear bushing and one or more iaterally extending openings corresponding to the one
or more lobes of the shear bustung, wherein the cuter diameter of the stem shoudder
and the mirnmun culside diameter of the shear bushing are less than the innermaosi
diametar of the bracket bore. wherein the one or more lobes extend radially bevend
the mnermost diameter of the bracket bore; and

wherein the shear bushing is rolatable on the stern with respect to the bracket between an
alignment position wherein the one or more lobes and mirumun diameter portions of
the shear bushing are radially aligned with the one or more laterally extending
operungs and minimum outside diameter portions of the bracket bore adapted to pass
the stem and shear bushing axially through the bracket bore, and 4 radually offset
position wherein the one or more lobes and nunimum diameter portions of the shear

bushing are radially offset with respect to the one or more laterally extending
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openings and minimum outside diameter poriions of the bracket bore wherein the

shear bushing and stem are adapted to be selectively retained by the bracket.

78 The repairable valve assembly system of claim 77, conprising diametrically opposed

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 adapied 1o extend through a retention bore in the bracket into at feast one of the one

or more lobeg of the shear bushing 10 retain the shear bushing w the radially offeet position.

80.  The repairable valve assembly system of claim 77, wherein the bracket and support

define an open access area between the bracket and the valve body, and wherein the svstem

further comprises:

a packing bore formed in the valve body cosxvial with the stem bore;

one of 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 adapied 1o be posttioned around the stern 10 load the packing rings,

a gland Sange inthe open access area adapted (o be secured to the valve body around the
stem to Joad the packing gland; and

one or more live loadimg springs adapted {0 be disposed between the gland flange and the

packing gland.

8L The repairabie valve assembly system of claim 30, wherein the shear bushing and the

packing rings are contiguous,

82, The repairable valve assembly system of claim 63, 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 coraponents of the syster of
claim 63, comprising the steps of!
mstaliing 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
clement and the upstream seat element; and

installing the retamer through the mlet 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 farther 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 disial end of the spacer with the annular disc, and radially spacing the

aryas apart on either side of the vecess in the flow control element.

87.  The method of claim 83, wherein the downsiream seat comprises an assembly
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 downstream seat element
and compressing the downstream seat element between the seat land and the flow control

slement.

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

bore.
89, The method of claim 83, further comprising forming a tapered entry bore tn 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.

90 The method of clazm 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 recetving at least a

portion of the downstream seat in the entry bore.

2. The method of claim 91, wherein the downsiream seat comprises trapezoidal 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 forther comprising installing the downstream seat with a square bar.

95.  'The method of claim 83, wherein the valve further comprises a valve stem having first
and second ends, further comprising forming a stem bore through the valve body, engaging
the flow conirol element with the fivst end of the valve stem for rotation of the How control
slement, extending the valve stem from the first end twough the stem bore 1o a second end
away from the valve body, and selectively retaning or removing the valve stem in or from

the stem bore.

94, The methad of claim 95, wherein the valve stem is selectivaly retainable by a brackes

spaced laterally from the valve body on a support.

47 'The method of clam 6. wheremn the bracket 1z preferably irdegral with the valve
body: and further comprising:

forming a shoulder on the sien adiacent the bracket with an enlargad cuter diameter relative
1o a roain diameter of the stenmy

supporting a first shide 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 tracket;

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;

forming a hove through the bracket. wherein the bracket bore has one or more innermost
diameter poriions corresponding 1o the one of more nuninwim outsids dameter
portions of the shear bushing and one or move laterally extending openings
corresponding to the one or more lobes of the shear bushing, wherewn the outer
diarneter of the stem shoulder and the minimum outside diametsr of the shear bushing
are less than the mnermost diameter of the bracket bore, wherein the one or more
Iobes extend radially beyond the mnermost diameter of the bracket bore;

rotating the shear bushing on the stem with respect 1o the bracket to an alignment position
wherein the one or more lobes and minmum diameter porfions of the shear bushing
are radially aligned with the one or more taterally extending openings and munimum
outside diameter portions of the bracke! bore and passing the stewy and shear bushing
axiallv through the bracket bore;, and

rotating the shear bushing on the stem with respect to the bracket to a radially offset position
wherein the one or more lobes and minimom diameter portions of the shear bushing

ga and

o

are radially offset with respect to the one or more laterally extending openin
munimum outside diameter portions of the brackest bore and retaining the shear

bushing and stem with the brackel.

9%, The method of claim 97, wherein the valve comaprises diameinically opposed pairs of

the mimmum diameter portions and the lobes of the shear bushing.

99, The method of claim 97, firther comprising eitending a threaded member through a
reteniion bore in the bracket into al least one of the one or more lobes of the shear bushing 1o

retain the shear bushung 10 the radially offset position.

100, The method of claim 97, wherein the bracket and support define an open access area

between the bracket and the valve body, and further coroprising:

forming a packing bore in the valve body coaxial with the sten borel

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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(2

ecuring a gland Hange 10 the open access area to the valve body around the stem to foad the

packing gland; and

disposing one or roore hive loading springs between the gland fange 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 nlet

and outlat ends of the fluid flow bore.

103, The method of claim 83, further comprising disassembling the repairable 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 inlet end: and

removing the downstream seat element through the inlet end.

{04 A ndirectional valve comprising:

a valve body with an axial fhad flow bore therethrough,

a spherical flow conirol element disposed in the flow bore and rotatable betwesn open and
closed positions;

3 hracket spaced laterally from the valve bodv on a suppory;

avalve stem having a first end engaging the flow control slement for rotation thereof] the
stern extending {rom the first end through a stem bore 1 the valve body 1o 4 second
end adjacent 1o the bracket;

a shoulder formed on the stem adjacent the bracket with an enlarged outer diameter relative
1o a main diamester of the stem, wherain the shoulder supports a first slide bearing
surface;

g shear busiung having a central bore recatving the stemy, wherein the shear bushing s
disposed betwaen the stero shoulder and the bracket. wherein the shear hushing
supports a second clide bearing surface opposing the first slide bearing surface,
wherein the shear bushing comprises one or wiore mnimuum outside diameter portions

atternated with one or more lobes;
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a bove formed through the bracket, the bracket bore having one or more innermost diameler
portions corresponding to the one or more mintvun outside diameter portions of the
shear bushing and one or more laterally extending openings corresponding o the one
or maore lobes of the shear bushung. wherein the cuter diameter of the stem shoulder
and the minmum cuiside diameter of the shear bushing are less than the innermost
drareter of the bracket bore, wherein the one or more lobes extend radially beyvond
the innermost diameter of the bracket bore; and

wherein the shear bushung s rotatable on the stam with respect to the bracket batwesn an
alignmment position wherein the one or more lobes and minimum diameter portions of
the shear bushing are radially aligned with the one or more latersily extending
openings and mimoum outside diameter portions of the bracket bore fo pass the stem
and shear bushing axdatly through the bracket bore, and a radiallv offset position
wherein the one or yiore lobes and munivasy diareter portions of the shear bushing
are radially offvet with respect (0 the one or more laterally exiending openings and
miniomm cuiside diameter portions of the bracket bore wherein the shear bushing and
stern are selectively refained by the bracket;

wherein the Haid fow bore comprises a main passage, an folet end, and an cutlet end,
wherein the main passage has a diameter larger than s dlameter of the Jow control
slement, wherein the infet end has an innermost diameter equal to or larger than the
digmeter of the main passage, wherein the innermost diameter of the inlet end is
targer than the innermost diameter of the outlet end, wherein the innermost diameter
of the outlet end is 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 dovwnsirean: seat and an upstream seal assembly, the dowasiresm
seat disposed between the outlet end and the flow contral element for sealing between
the flow contro 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
assembiy, 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 upstream: seat assembly disposed in the main passage between the indet end and the flow

controf element, the upstream seat assambly comprising a spring {0 bias an upsireant
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seat element against the flow control element and the flow control element against the
downstream seat elerent, wherein the flow control element floats between the
upstream and downsiream seat elemends; and

a retainer removably attached to the valve body about the fluid flow bore and having one or
more projections into the flow bore to secure the downstream seat, the fow control
slement, and the upstrear seat assembly n the How bore and load the spring;

wherein the upstream seat clement 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 shouidered between the

enlarged end of the plug and the valve body.
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