SEGMENTED SEAL RING AND SUPPORT OF SAME Field of the Invention This invention relates
in general to valves and wellhead equipment, and in particular, to an internal locking device for
retaining a sealing device within a valve or wellhead equipment. Background of the Invention [0001]
Typically, equipment designed for normal operation and for high pressures and high temperatures that
is used in the oil and gas industry, requires sealing. As new seals are developed in the oil and gas
industry to handle higher pressures and higher temperatures, the application of these seals can lead to
issues on the overall design of the equipment. Usually internal grooves are machined allowing the
assembly of soft seal materials, such as o-rings. However, when installing a tougher more robust seal,
more space is typically required to lock the parts together. The size and assembly of the equipment
that may result can present challenges in the design of the seal. [0002] On certain types of equipment,
such as valves, wellheadggsyhsagrEHERRS KERS KOPHELSRRYRPIJEQEUGHeN adapter bases, there
may be issues related to the assembly condition of radial seals due to size constraints and load
capacitigsidg aftalvmbentigh or in a wellhead, for example, a first seal may be installed within a
packing gland or wellhead housing. A second seal or backup seal may also typically be installed that is
separate from tigi §iistssddietnesTo feepdhe selRicsepdraig!rdoekjngrdevicants impatied svjtton the
valve bonnet to hold the first seal in place while providing a shoulder or rim for the second seal or
backup seeihtertah tboki ppalgressiioe il athgysteatinig depicallyithzed \ta veac el Hisel isdeimabportion of
the bonnet or wellhead as this

Background of the I nvention

[0001] Typically, equipment designed for norma operation and for high pressures and high
temperatures that is used in the oil and gas industry, requires seding. As new seds are
developed in the oil and gas industry to handle higher pressures and higher temperatures, the
application of these seals can lead to issues on the overall design of the equipment. Usually
internal grooves are machined allowing the assembly of soft seal materias, such as o-rings.
However, when installing a tougher more robust seal, more space is typically required to lock the
parts together. The size and assembly of the equipment that may result can present challengesin
the design of the sedl.

[0002] On certain types of equipment, such as valves, wellheads, subsea christmas trees, tubing
spools, or production adapter bases, there may be issues related to the assembly condition of
radial seals due to size constraints and load capacities. In a vave bonnet or in a wellhead, for
example, afirst seal may be instaled within a packing gland or wellhead housing. A second sed
or backup seal may aso typically be installed that is separate from the first seal below. To keep
the seal separate, a locking device is installed within the valve bonnet to hold the first seal in
place while providing a shoulder or rim for the second seal or backup seal to land. A progressive

drilled system is typically used to machine the internal portion of the bonnet or wellhead as this



typically works well with soft materials. The locking device thus maintains the first seal in place and
provides the second seal a shoulder on which to land. [0003] However, in the design described above,
separate parts are typically threaded together to form a seal groove and to allow for installation of the
locking device. This can lead to secondary leak paths in the sealing system. To attempt avoidance of
the secondary leak path, sealing systems are usually designed with larger bores and sizes.
Maintaining the same size for lower and upper seals however is difficult without introducing additional

leak paths that allow for installation. | in oil . lications, thi d k path
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embodiment of the Thvention, the segmente ar, circular ring or tube, has a
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segments to allow assembling‘each of the segments in a circular or circumferential groove machined
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diameter of the outer L-shape rtion that protrudes radially outward from the segmented tube. The

protrusioghafipseseame AtRebliebgCaitirsRONdthiRthRiPRRYIS aahioed RdkpasynNg- £BRr fmch of
the segments are placed inside the internal circumferential groove of the housing, they are locked in

place byimeprs 6f. thenlagkiae reng aMtingxsteppatigrISHRASEA FhrdRtEpR| dhneps 2iofitege,

segmented tube. Alternatively, locking may be achieved by a sliding interface. To prevent backing out
of the lockiRrgi cing wheebat eypnoavdien thbdeahthgadsav aiseiteobofeddeking ringerseghheaird tube,
and into housing.

equipment which is also costlier.

[0004] A need exists for a technique to minimize the bore size of equipment via an improved

locking device.



[0007] The assembled locking ring in conjunction with the segmented tube may retain a lower inner
seal in place and also create an internal step or shoulder to an upper radial or circular seal. The
shoulder provides sufficient support for assembling the seal in a groove located at inner diameter of
housing. The shoulder also provides for sealing against devices, such as a stem, that may slidingly
engage inner diameter of housing and of the locking ring. [0008] This invention can be used in several
types of equipment where a circular housing is present and there is a need to lock a seal in place or

provide a locking feature. For example, the locking assembly can be used on shafts or stems that
have axim%&rgﬁlﬁ%m housing and/or has a size constraint on seal designs. This invention
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where thg radial size of the equipment is a concern. Smaller and lighter equipment can potentially lead
to a reduction in the overall cost of the equipment. Further, the invention can improve the design of
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weights are limited by the installation and operating condition of the equipment.
threaded interna diameter and is segmented with radial or reversed angle cuts that may aternate

between adjacent segments to alow assembling each of the segments in a circular or
circumferential groove machined in an interna diameter of a housing or adapter. The housing
inner diameter is smaller than the outside diameter of the outer L-shaped portion that protrudes
radially outward from the segmented tube. The protrusion of the segmented tube corresponds to
the groove machined in the housing. After each of the segments are placed inside the internal
circumferential groove of the housing, they are locked in place by means of the locking ring with
external threads that match the internal threads of the segmented tube. Alternatively, locking
may be achieved by a diding interface. To prevent backing out of the locking ring, a set screw
may be installed that traverses through locking ring, segmented tube, and into housing.

[0007] The assembled locking ring in conjunction with the segmented tube may retain a lower
inner seal in place and aso create an interna step or shoulder to an upper radial or circular seal.
The shoulder provides sufficient support for assembling the seal in a groove located at inner
diameter of housing. The shoulder also provides for sealing against devices, such as a stem, that
may slidingly engage inner diameter of housing and of the locking ring.

[0008] This invention can be used in several types of equipment where a circular housing is

present and there is aneed to lock a seal in place or provide alocking feature. For example, the



Brief Description of the Drawings [0010] Figure 1, illustrates a partial sectional view of an embodiment
of the seal assembly locating within an outer and inner member, in accordance with the invention;
[0011] Figure 2, illustrates a partial sectional view of the seal locking assembly of Figure 1, in
accordance with the invention; [0012] Figure 3, illustrates a partial sectional view of an embodiment of
a seal locking assembly, in accordance with the invention; [0013] Figure 4, illustrates partially
exploded perspective view of the locking assembly of Figure 3, in accordance with the invention;

0014] Figure 5, illustrates a top view of a segmented tube shown in the embodiment of Figure.
[ ] II%clrélang assemgilycan bepu on sh ts%r stems that have a>V<Y2| movement r atrR/e to aho gng

and/or has a size constraint on seal designs. This invention may be applied for subsea and
surface valves and actuators, radial seals of subsea wellhead tools, or any kind of equipment that
requires a groove to assemble a radial sed or similar device and a secondary leak path is not
alowable or is not desired.

[0009] Another technical advantage of the invention is that it allows the design of an interna
locking mechanism for applications with size constraints, which may lead to reduced size and
weight of equipment. For example, the invention allows for the use of radial seals with smaller
cross sections or radial seals with hard material designs where the radia size of the equipment is
a concern. Smaller and lighter equipment can potentially lead to a reduction in the overall cost
of the equipment. Further, the invention can improve the design of other systems, such as subsea
X-trees, tubing spools, or production adapter bases, where sizes and weights are limited by the

installation and operating condition of the equipment.



4, in accordance with the invention. Detailed Description of the Invention [0015] FIG. 1 shows a
partial sectional view of an embodiment of a seal assembly 10 of the invention installed between an
outer member 12 and an inner member 14. In this embodiment outer member 12 may be a valve
bonnet. Alternatively, outer member may also be a wellhead housing or other type of housing where a
seal assembly 10 could be used. In this embodiment, inner member 14 may be a valve stem.
Alternatively, inner member 14 may also be a hanger, such as a casing hanger. [0016] Referring to
FIG. 2, an enlarged sectional view of the seal assembly 10 of FIG. 1 is shown. In this embodiment,
outer member or bonnet 12 has a bore 13 that may slidingly engage an outer surface 15 of the inner
member or. . 0-ring t pe seal 20 is located at an interface between outer member 12 and
an outer 2Hffacs o SR A8 R rther, 0-ring type seal 22 is located at an interface between
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cyllndrlcal ring or tube 33 that has an L-shaped outer profile 36 that corresponds toa C|rcumferentlal
groove 32-of hgnsingR4raid arilershaped inner profile 38 that radially extends over a lower inner seal
40 to retain lower inner seal in place. Cylindrical tube 33 may be segmented and will be described

below in faaierrigialls, [Q&raePnBRIAGeHEHAN IR 16 A ciHRAERNEF 2884 46cia hgcatamigtween

housing and inner member 34, 14 and provides a first seal between housing and inner member 34, 14.

The lockingdtevicaceOvads eniistugleFoa; bushing or locking ring 42 for lockingly engaging with the
cylindrical tube 33 to maintain it within the housing 34. Bushing 42 has an inner diameter 44 facing

inner mejodEs] Hoanelaillosiersspaaiegl Y expiaden pagpsctind iy stitfeteckmhghisentyljnsiriglitgbe 33.
Outer and inner surfaces 46 and 48 may be threaded to allow engagement. The components of the
locking d&\icec86rdaticeevitbshebrayiticiner below in a discussion of FIGS 3-5. A pin or dowel 50 may
be used as a stop or for orienting the cylindrical tube 33, however it could also be omitted as shown in
later Figli0834]TBi gues/Bnil lihsér ek antppol #idoedersefaekiiegd techposiiio thermpebivts tadiaidyfaFsgirecrew 52
may be installed that traverses corresponding passages in the bushing 42 and cylindrical tube 33. Set
screw 52nhapdeerdarecs it theiguiisaizsembly of seal assembly 10. An upper surface 54 of locking
device 30 may then serve to support an upper inner seal 56 that can function as a secondary or
backup seal to lower inner seal 40. The separation created between the lower and upper inner seals
40, 56 by the locking device 30 allows decoupling of forces placed on lower and upper inner seals,
preventing upper seal from being crushed.




[0018] Referring to FIGS 3-5, the locking device 30 and its components are described further. FIG 3
shows an enlarged view of an embodiment of the locking device 30. As previously explained L-shaped
outer profile 36 of cylindrical tube 33 fits within groove 32 formed in housing 34. When mated in this
fashion, axial movement between the cylindrical tube 33 and housing 34 is restricted. Further, the
L-shaped outer profile 36 partially rests on upward facing shoulder 60 of groove 32, which also acts as
a stop. To allow for installation of the cylindrical tube 33 within housing 34 via engagement of the
L-shaped outer profile 36 with the groove 32, without requiring a larger bore size for the housing, the
cylindrical tube 33 is segmented as shown in FIG 5. Once tube segments 62 are installed within
groove 32, the huyshing 42 can be hragd into locking engagement with the segments 62 making up
the cylindricattabe 33 &< OFTOCRI g devices or mechanism may also be used. For example a
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mechanisms, such as a sliding interface, may be used. Machining precision 1s thus required to ensure
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utilizes eight segments 62, it is understood that more or less segments may be utilized depending on
the appligaiphrRRfhaize dhideinsveatdqbe Ader P ARrigsIRADE! B1omaytary IBtdheer,
cylindrical tube 33 shows how the tube segments 62 are arranged to allow for their installation within
housing g4ciifla SdsittpBRaRgaments are cut in a novel way to allow for such installation. In this
embodiment, a first tube segment 63 is cut in a novel fashion, with a first cut surface 64 extending
radially qooveyRideyerdstnmeGd@naateniaiyed epindngalitipeB thd\ssacasemblysudfatert8.ig agnirror
image of the first cut surface 66 about an axis Ax. First and second cuts on first tube segment 63 give
segmentsaomedde slispepadiimentyiodenidiintzd ioneordietn2 tessGOotirar 2ithet reayl Bitietgy. digegepposite
is true of an adjacent second tube segment 70, which has a first cut surface 72 that corresponds to
second an cuidasg fEBsotbtbkthiesindrerspyracot 63ve M) first Qutisgigeesed @0 sebmatbduisesegment
70 extends radially inward towards inner diameter 66 of cylindrical tube 33. On second tube segment
70, secon@réenssbefacen7auisranmintesr ikZagrd cifiestesusiatacd salagssambly abis Ayrthe oppbagd to
first tube segment 63, second and adjacent tube segment has a wider width at outer diameter than at
inner diabReeede2Z Krlperied @ 804 Misriaae hehuee’ aippRs INRMKG! dOaae il @ geksihrasa9f viea) from
between about 10 to 70 degrees. In the embodiment shown, an angle 0 of 30 degrees is utilized. It is
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within housing 34. This advantageously avoids creating an additional leak path which would result
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[0020] During installation, referring to FIG 2, the housing or packing gland adapter 34 is landed in
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(FIG 2) can be installed to prevent backing out of bushing 42. Once busing 42 is installed, upper

surface @fcyshing and tube segments 62 form an upward facing shoulder 54 (FIG 3) for landing upper
inner seal 56 as well.
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[0021] Applications for this segmented tube feature of the invention can include installation in a bonnet
of actuator valves, in a wellhead, or any application where one would want to minimize leak paths to
the outside. Further, the invention allows for limitation of casing or bonnet sizes and eliminates drilling
from outer to inner diameters. [0022] This written description uses examples to disclose the invention,
including the best mode, and also to enable any person skilled in the art to practice the invention,
including making and using any devices or systems and performing any incorporated methods. These
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tube 33 to maintain it within the housing 34. Bushing 42 has an inner diameter 44 facing inner
member 14 and an outer surface 46 that engages an inner surface 48 of the cylindrica tube 33.
Outer and inner surfaces 46 and 48 may be threaded to alow engagement. The components of
the locking device 30 will be described further below in a discussion of FIGS 3-5. A pin or
dowel 50 may be used as a stop or for orienting the cylindrical tube 33, however it could also be
omitted as shown in later Figures. To prevent the locking device from backing out of position
once installed, a set screw 52 may be installed that traverses corresponding passages in the
bushing 42 and cylindrical tube 33. Set screw 52 may be sheared during disassembly of sedl
assembly 10. An upper surface 54 of locking device 30 may then serve to support an upper inner
seal 56 that can function as a secondary or backup seal to lower inner seal 40. The separation
created between the lower and upper inner seals 40, 56 by the locking device 30 allows
decoupling of forces placed on lower and upper inner seals, preventing upper seal from being
crushed.
[0018] Referring to FIGS 3-5, the locking device 30 and its components are described further.
FIG 3 shows an enlarged view of an embodiment of the locking device 30. As previously
explained L-shaped outer profile 36 of cylindrical tube 33 fits within groove 32 formed in
housing 34. When mated in this fashion, axial movement between the cylindrica tube 33 and
housing 34 is restricted. Further, the L-shaped outer profile 36 partialy rests on upward facing
shoulder 60 of groove 32, which also acts as astop. To alow for instalation of the cylindrical

tube 33 within housing 34 via engagement of the L-shaped outer profile 36 with the groove 32,



an inner member adapted to be located in the bore;  a seal housing located between the inner and
outer members, wherein the seal housing is received, a pocket formed on the outer member; a
cylindrical groove formed on an inner surface of the seal housing;  a segmented tube having an
outward facing protrusion corresponding to the cylindrical groove when installed within the seal
housing, wherein a plurality of segments comprising the tube have edges cut at an angle to allow
installation within the seal housing; and  a bushing for lockingly engaging an inner profile of the
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the lowefﬂ%@?ﬁt'&%%%%ﬂd&g%t\b‘v‘;r‘tﬁqﬁlergé:g?ﬁgnts 62 making up the cylindrical tube 33.
Other types of locking devices or mechanism may aso be used. For example a dliding
mechanism having alatch-type lock or a helical mechanism with a spring-type lock may be used.
Further, a roller-type with positive lock may aso be used to achieve locking engagement. As
previously explained threaded engagement is achieved by the threaded outer surface of bushing
42 and threaded inner surface 48 of each of the segments 62 that make up the cylindrical tube 33
as shown in the perspective illustration of FIG 4. As previously mentioned, other types of
locking mechanisms, such as a dliding interface, may be used. Machining precision is thus
required to ensure alignment of threads of each segment 62. of in housing. Although the
embodiment shown in FIG 5 utilizes eight segments 62, it is understood that more or less
segments may be utilized depending on the application and size of the cylindrical tube 33.
[0019] Referring to FIG 5, atop view of the cylindrical tube 33 shows how the tube segments 62
are arranged to allow for their installation within housing 34 (FIG 3), tube segments are cut in a
novel way to allow for such installation. In this embodiment, afirst tube segment 63 iscut in a
novel fashion, with afirst cut surface 64 extending radially outward towards inner diameter 66 of
cylindrical tube 33. A second cut surface 68 isamirror image of the first cut surface 66 about an
axis Ax. First and second cuts on first tube segment 63 give segment a wedge shape, with a
wider width at inner diameter 66 than at outer diameter. The opposite is true of an adjacent
second tube segment 70, which has a first cut surface 72 that corresponds to second cut surface
68 on the first tube segment 63. Thus, first cut surface 72 on second tube segment 70 extends

radialy inward towards inner diameter 66 of cylindrical tube 33. On second tube segment 70,



4. The seal assembly of claiml, further comprising an upper inner seal located adjacent the inner
member and supported by an upward facing shoulder formed by an upper surface of the bushing and
an upper surface of the segmented tube. 5.The seal assembly of claim 1, wherein segments
comprising the segmented tube that are adjacent to each other have surfaces cut at an angle in an
alternating inward and outward sequence to allow adjacent segments to align and mate at the surfaces
when installed within the cylindrical groove, the angle of the cut being in a range from between about

10d to about 70 d . 6.The seal assembly of claim 1, wherein the bushing has g |ocki
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engaging, A GOl BN N 8 YA AT G I B LB REARENEES: 4P S @ at outer diameter than
a inner diameter 66. Each cut surface for each tube segment is cut at an angle © which may
vary from between about 10 to 70 degrees. In the embodiment shown, an angle © of 30 degrees
is utilized. It is this novel segmented cylindrical tube 33 that allows locking device 30 to be
advantageously installed within housing 34. This advantageously avoids creating an additional
leak path which would result from needing to use an additional removable part above a one-
piece-type tube to allow for installation.
[0020] During installation, referring to FIG 2, the housing or packing gland adapter 34 is landed
in outer member 12, such as a wellhead housing or valve bonnet. The lower inner seal 40, which
may be elastomeric or metal-to-metal, may then be mounted in a recess in housing 34 . Tube
segments 62 (FIG 4) making up the cylindrical tube 33 are then installed within housing 34 such
that mating occurs with L-shaped outer profile 36 of each segment with groove 32 formed in the
housing 34. Once installed, the tube segments 62 keep the inner lower seal 40 in place. The tube
segments 62 are installed such that alternating angled cut surfaces correspond with each other.
Bushing or locking ring 42 (FIG 3) may then be threaded onto threads formed on tube segments
62 to lock segmented rings in place. Alternatively, a latch-type lock may dlidingly lock the
segments 62 in place or a helica mechanism with a spring-type lock may be used to lock the
segments in place. Further, aroller-type with positive lock may aso be used to achieve locking
engagement of the segments 62. Set screws 52 (FIG 2) can beinstalled to prevent backing out of
bushing 42. Once busing 42 isinstalled, upper surface of bushing and tube segments 62 form an

upward facing shoulder 54 (FIG 3) for landing upper inner seal 56 as well.



b.) an outward facing profile for slidingly engaging a corresponding inward facing profile on the
segmented tube. 7.The seal assembly of claim 1, wherein the segmented tube has an L-shaped outer
profile for engaging the seal housing. 8.The seal assembly of claim 1, wherein a set screw traverses a
passage on the bushing and the segmented tube to prevent unlocking of the bushing and the
segmented tube. 9.The seal assembly of claim 1, wherein the outer member is a valve bonnet and the
inner member is a valve stem.

[0021] Applications for this segmented tube feature of the invention can include installation in a
bonnet of actuator valves, in a wellhead, or any application where one would want to minimize
leak paths to the outside. Further, the invention alows for limitation of casing or bonnet sizes
and eiminates drilling from outer to inner diameters.

[0022] This written description uses examples to disclose the invention, including the best mode,
and also to enable any person skilled in the art to practice the invention, including making and
using any devices or systems and performing any incorporated methods. These embodiments are
not intended to limit the scope of the invention. The patentable scope of the invention is defined
by the claims, and may include other examples that occur to those skilled in the art. Such other
examples are intended to be within the scope of the claims if they have structural elements that
do not differ from the literal language of the claims, or if they include equivalent structural

elements with insubstantial differences from the literal language of the claims.
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inner member is a casing hanger. 11. A seal locking assembly, comprising:  a seal housing located
between inner and outer members, wherein the seal housing is received within a pocket formed on the
outer member; a cylindrical recess formed on an inner surface of the seal housing;  a segmented
tube having an outward facing protrusion corresponding to the cylindrical groove when installed within
the seal housing, wherein a plurality of segments comprising the tube have edges cut at an angle to
allow installation within the seal housing; and  a locking ring for lockingly engaging an inner profile of
the segmented tube, wherein the bushing is Iocateg between the inner member and the segmented
tube when installed. CLAIMS

WHAT ISCLAIMED IS
1. A seal assembly, comprising:

an outer member having a bore;

an inner member adapted to be located in the bore;

a seal housing located between the inner and outer members, wherein the seal housing is
received, a pocket formed on the outer member;

acylindrical groove formed on an inner surface of the seal housing;

a segmented tube having an outward facing protrusion corresponding to the cylindrical
groove when installed within the seal housing, wherein a plurality of segments comprising the
tube have edges cut at an angle to allow installation within the seal housing; and

a bushing for lockingly engaging an inner profile of the segmented tube, wherein the

bushing is located between the inner member and the segmented tube when installed.

2. The seal assembly of claiml, further comprising a lower inner seal located within a sed

recess formed in the seal housing adjacent to the inner member and below the segmented tube.

3. The seal assembly of claim 2, wherein a portion of the segmented tube extends radially

inward over the lower inner seal to maintain it within the seal recess.
4. The seal assembly of claiml, further comprising an upper inner seal located adjacent the

inner member and supported by an upward facing shoulder formed by an upper surface of the

bushing and an upper surface of the segmented tube.
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12. The seal locking assembly of claim 11, further comprising:  a lower inner seal located within a
seal recess formed in the seal housing adjacent to the inner member and below the segmented tube,
wherein a portion of the segmented tube extends radially inward over the lower inner seal to maintain
the lower inner seal within the seal recess;  an upper inner seal located adjacent the inner member
and supported by an upward facing shoulder formed by an upper surface of the locking ring and an
upper surface of the segmented tube, wherein the lower and upper inner seals are the same size.
13.The seal locking assembly of claim 12, wherein the lower and upper inner seals are separated by
the seal locking assembly, the seal locking assembly decoupling forces on the lower and upper inner

seals. 14.The alas emb fcI 11, wherein segments comprising the Seqr be that are
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sequence to alow adjacent segments to align and mate at the surfaces when installed within the

cylindrical groove, the angle of the cut being in a range from between about 10 degrees to about

70 degrees.

6. The seal assembly of claim 1, wherein the bushing has a locking mechanism comprising
one of the following:

a) an outward facing threaded profile for threadingly engaging a corresponding
inward facing profile on the segmented tube; or

b.) an outward facing profile for slidingly engaging a corresponding inward facing

profile on the segmented tube.

7. The seal assembly of claim 1, wherein the segmented tube has an L-shaped outer profile

for engaging the seal housing.

8. The seal assembly of claim 1, wherein a set screw traverses a passage on the bushing and

the segmented tube to prevent unlocking of the bushing and the segmented tube.

9. The seal assembly of claim 1, wherein the outer member is a valve bonnet and the inner

member is avalve stem.
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15.The seal assembly of claim 11, wherein the bushing has a locking mechanism comprising one of
the following: a.) an outward facing threaded profile for threadingly engaging a corresponding
inward facing profile on the segmented tube; or b.) an outward facing profile for slidingly engaging
a corresponding inward facing profile on the segmented tube. 16.The seal assembly of claim 11,
wherein the segmented tube has an L-shaped outer profile for engaging the seal housing. 17.The seal
assembly of claim 11, wherein a set screw traverses a passage on the bushing

10.  The seal assembly of claim 1, wherein the outer member is a wellhead housing and the

inner member is acasing hanger.

11. A sed locking assembly, comprising:

a seal housing located between inner and outer members, wherein the seal housing is
received within a pocket formed on the outer member;

acylindrical recess formed on an inner surface of the seal housing;

a segmented tube having an outward facing protrusion corresponding to the cylindrical
groove when instaled within the seal housing, wherein a plurality of segments comprising the
tube have edges cut at an angle to allow installation within the seal housing; and

alocking ring for lockingly engaging an inner profile of the segmented tube, wherein the

bushing is located between the inner member and the segmented tube when installed.

12. Theseal locking assembly of claim 11, further comprising:
alower inner seal located within a sea recess formed in the seal housing adjacent to the
inner member and below the segmented tube, wherein a portion of the segmented tube extends
radially inward over the lower inner seal to maintain the lower inner seal within the seal recess;
an upper inner seal located adjacent the inner member and supported by an upward facing
shoulder formed by an upper surface of the locking ring and an upper surface of the segmented

tube, wherein the lower and upper inner seds are the same size.
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and the segmented tube to prevent unlocking of the bushing and the segmented tube. member is a
valve stem. 19. The seal assembly of claim 1, wherein the outer member is a wellhead housing and
the inner member is a casing hanger. 20. A method for locking a seal assembly, comprising:
providing a seal housing located between inner and outer members, a cylindrical recess formed on an
inner surface of the seal housing, a segmented tube having an outward facing protrusion
corresponding to the cylindrical groove, wherein a plurality of segments comprising the tube have

edges cut_at an angle |n alternating inward and outward sequence to allow installation within the seal
ouaing: hd a 16T RGP GIRABLY Chaaail o PSR Er o B el R CETE ERBEFoin the
'(;’lj’t';':‘?ngn 45#8&%56%’8%5\’?&’?«%‘99éé‘s%rer{bw,e{ﬁé’%a?f‘é?:ﬁ.“n% B A R Gl e iy sing in

and upper inner seals.

14.  Thesea assembly of claim 11, wherein segments comprising the segmented tube that are
adjacent to each other have surfaces cut a an angle in an aternating inward and outward
sequence to alow adjacent segments to align and mate at the surfaces when installed within the
cylindrical groove, the angle of the cut being in a range from between about 10 degrees to about

70 degrees.

15. The seal assembly of clam 11, wherein the bushing has a locking mechanism
comprising one of the following:

a) an outward facing threaded profile for threadingly engaging a corresponding
inward facing profile on the segmented tube; or

b.) an outward facing profile for slidingly engaging a corresponding inward facing

profile on the segmented tube.

16.  Thesed assembly of claim 11, wherein the segmented tube has an L-shaped outer profile

for engaging the seal housing.

17.  The sea assembly of claim 11, wherein a set screw traverses a passage on the bushing

and the segmented tube to prevent unlocking of the bushing and the segmented tube.

14



landing a lower inner seal within a seal recess formed in the seal housing; installing the segments
that comprise the segmented tube within the seal housing, wherein the outward facing protrusion of
the segments mates with corresponding cylindrical groove in the seal housing;  engaging the locking
ring into locking engagement with the segments comprising the segmented tube to lock the sealing
assembly in place; and  landing an upper inner seal on an upward facing shoulder formed by upper
surface of the locking ring and upper surface of the seal housing.

18. The seal assembly of claim 1, wherein the outer member is a vave bonnet and the inner

member is avalve stem.

19.  The seal assembly of claim 1, wherein the outer member is a wellhead housing and the

inner member is acasing hanger.

20. A method for locking a seal assembly, comprising:

providing a seal housing located between inner and outer members, a cylindrical recess
formed on an inner surface of the seal housing, a segmented tube having an outward facing
protrusion corresponding to the cylindrical groove, wherein a plurality of segments comprising
the tube have edges cut at an angle in aternating inward and outward sequence to allow
installation within the seal housing; and a locking ring for lockingly engaging an inner profile of
the segmented tube, wherein the locking ring is located between the inner member and the
segmented tub;

landing the seal housing in outer member;

landing alower inner seal within a seal recess formed in the seal housing;

installing the segments that comprise the segmented tube within the seal housing,
wherein the outward facing protrusion of the segments mates with corresponding cylindrical
groove in the sea housing;

engaging the locking ring into locking engagement with the segments comprising the
segmented tube to lock the sealing assembly in place; and

landing an upper inner seal on an upward facing shoulder formed by upper surface of the

locking ring and upper surface of the seal housing.
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