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Field of the I nvention:

[0001] This invention relates in general to wellhead assm® and in particular to a seal

nose ring that improves lockdown to a casing hanger

Background of the Invention:

[0002] Seals are used between inner and outer wellheadatumembers to contain
internal well pressure. The inner wellhead menmbay be a casing hanger located in a
wellhead housing and that supports a string oingasktending into the well. A seal or
packoff seals between the casing hanger and thibeael housing. Alternatively, the
inner wellhead member could be a tubing hanger $ogiports a string of tubing
extending into the well for the flow of productidlnid. The tubing hanger lands in an
outer wellhead member, which may be a wellheadihgusa Christmas tree, or a tubing
head. A packoff or seal seals between the tubamgér and the outer wellhead member.
[0003] A variety of seals located between the inner angrowellhead members have
been employed in the prior art. Prior art seattuie elastomeric and partially metal and
elastomeric rings. Prior art seal rings made elytiof metal for forming metal-to-metal

seals ("MS") are also employed. The seals mayebbysa running tool, or they may be



[0002] Seals are used between inner and outer wellhead tubular members to contain internal well
pressure. The inner wellhead member may be a casing hanger located in a wellhead housing and that
supports a string of casing extending into the well. A seal or packoff seals between the casing hanger
and the wellhead housing. Alternatively, the inner wellhead member could be a tubing hanger that
supports a string of tubing extending into the well for the flow of production fluid. The tubing hanger
lands in an outer wellhead member, which may be a wellhead housing, a Christmas tree, or a tubing

head. A packoft | seals hetween the. tubing h d the outer wellhead member. [0003] A
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member. The deformation of the seal's inner and outer walls exce e yleld Strength of the material
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tubing and the wellhead may occur, particularly with wellheads located at the surface, rather than
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degree the surrounding casing. The temperature increase may cause the tubing hanger and/or casing
hanger to m@ee4xialbraslighbatnoyatwelativino asinyter wehlirpdmpemire douing thebgat up
transient, the tubing hanger and/or casing hanger can also move radially due to temperature
differences patviggarsompongsliheadsthecdidereint tatesuofdbenamatiexpansiesdronhavivel thed
component materials are constructed. If the seal has been set as a result of a wedging action where
an axial disglectganwaehdrgngly thegt bidg desass rddis tmiydrire) tafdhie selelsagaidstentating
surfaces, then sealing forces may be reduced if there is movement in the axial direction due to
pressure or shemonadeffe casirgrethe tiem e stisef oncecand azgaehs Ziny nihhargaitand/a@redsittpn in
the radial inward and outward forces on the inner and outer walls of the seal ring, which may cause the
seal to leak hangss iof melial axéaliyi@ sbahtemewntiativéitoniativg Boerd ssatiieeto hengalteansients
may also cause the seal to leak. One approach to preventing this type of movement is through the use
of lockdownlE&irn sangierde dhentiast hnagemaniied perBIes ek *lne rilens) adialvhdue-ing
engages the hanger when the seal is set, locking the seal to the hanger. Another approach has been
to use the sEIIRGSleHeetifiRsBICRS XROMIRIRG FREUPRIMRSHS. dndiiBEaN: HRieaOhdeImat ®RANSIfiS
provided by the seal. Further, a lockdown style hanger may be utilized to lock the casing hanger in
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technique that addresses the seal leakage problems described above by providing additional lockdown
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movement of the seal against its mating surfates) sealing forces may be reduced if
there is movement in the axial direction due tspuee or thermal effects. A reduction in
axial force on the energizing ring results in auettn in the radial inward and outward
forces on the inner and outer walls of the sea,iwhich may cause the seal to leak. A
loss of radial loading between the seal and itangaturfaces due to thermal transients
may also cause the seal to leak. One approachet@mting this type of movement is

through the use of lockdown C-rings on the seal test in a machined pocket on the



Summary of the Invention: [0006] In an embodiment of the present invention, a seal assembly is
located between a wellhead housing having a bore and a casing hanger. The housing is typically
located at an upper end of a well and serves as an outer wellhead member. The casing hanger has an
upward facing shoulder for supporting a lower portion of the seal assembly. A metalto-metal seal
assembly has an inner seal leg with an inner wall sealing against the cylindrical wall of casing hanger
and an outer seal leg with an outer wall surface that seals against wellhead housing bore. The seal
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with gaps formed between the outer surfaces of the bellows. Similarly, gaps are formed between the
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width of the gaps as the bellows expand inward and outward into the outer profile of the hanger and
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the hanger in addition to those in the prior art. Thus, lockdown capacity is advantageously increased
by sharing upwiiifereesy0sbiie hanee hnobgthe Piasdmimyention and these mechanisms of the
prior art. In addition, the present invention may also advantageously save the time and money
associated with having to re-trip in order to install a lockdown hanger. Brief Description of the
Drawings:



[0008] Figure 1 is a sectional view of a seal assembly with an energizing ring locked to the seal, but
unset, in accordance with an embodiment of the invention; [0009] Figure 2 is a sectional view of the
seal assembly of Figure 1 between outer and inner wellhead members in the set position, in
accordance with an embodiment of the invention; [0010] Figure 3 is a front view of a lock ring with
bellows, in accordance with an embodiment of the invention; [0011] Figure 4 is a sectional view of
bellows with teeth, in accordance with an embodiment of the invention. Detailed Description of the
Invention: [001 ;’blg‘ﬁ% gto F re 1, an embodiment of the invention shows a portion of the high
pressure WG%WQ ﬂﬂ& Wwellhead member 10. A portion of a seal assembly is shown
between the wellhead housing 10 havmg a bore 12 with wickers 14 formed thereon and a casing
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hanger 18. as an outer sea an outer wall surface
an upward facing shoulder for supporting a lowatipo of the seal assembly. A metal-

to-metal seal assembly has an inner seal leg withnaer wall sealing against the
cylindrical wall of casing hanger and an outer deglwith an outer wall surface that
seals against wellhead housing bore. The sealftegsa U-shaped pocket or slot. An
extension extends downward from the outer seahteymay have a threaded connection.
However, it is not necessary that the connectionthveaded. The extension has a
downward facing shoulder that rests on an upwasishdeshoulder formed on a nose ring.
The connection connects the seal ring to the niegewith a lower portion of the nose
ring resting on the upward facing shoulder of tlhsimg hanger to provide a reaction
point during setting operations. In this emboditarplurality of bellows are formed on
the nose ring to advantageously increase lockdaapadty of the seal assembly. The
bellows may be formed in a helical shape and havamer surface that faces an outer
profile of the hanger, and an outer surface onlékows that faces the bore of the
housing. Each of the bellows may have legs thahfa "V" or "U" shape with gaps
formed between the outer surfaces of the bello®snilarly, gaps are formed between
the inner surfaces of the bellows. When the seakmbly is set, the bellows will
collapse, reducing a width of the gaps as the Wsllexpand inward and outward into the

outer profile of the hanger and the bore of theshay



against wellhead housing bore 12. The wall surfaces 24, 28 may be cylindrical and smooth. The seal
legs 22, 26 form a U-shaped pocket or slot 30. [0013] An extension 32 extends downward from the
outer leg 26 and may have a threaded connection 34. However, it is not necessary that the connection
be threaded. The extension 32 has a downward facing shoulder 36 that rests on an upward facing
shoulder 38 formed on a nose ring 37. The threaded connection 34 connects the seal ring 25 to the
nose ring 37. A lower portion 39 of the nose ring rests on the upward facing shoulder 19 of the casing
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bellows may have undulation 44 that fo or "U" shape. Gaps ormed bet outer
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bellows 50. The gaps may be between 0.010 to 0.75 inches betore setting. When the seal assembly is
set, as showyy iy Eigure 2, the bellows 40 will collapse, reducing a width of the gaps 48 (Figure 1) as
the bellows 40 expand inward and outward into the outer profile 43 of the hanger 18 and the bore 12 of
the housing 10. Bellows 40 is formed of metal. [0014] The bellows 40 on the nose ring 37 provide a
mechanism of locking down the hanger 18 in addition to those in the prior art. [0015] Continuing to
refer to Figure 1, an energizing ring 60 is typically forced downward by a running tool (not shown) or
the weight of a string (not shown) to force it into the slot 30 of the seal ring 25. An upper portion 62 of
the energizing ring 60 allows threaded connection to the running tool or string. An outer nut 64 keeps
the assembly of the energizing ring 60 together during assembly and operations. The energizing ring
60 deforms the inner and outer seal legs 22, 26 of the seal ring 25 against the outer wellhead member
10 and the inner wellhead member 18. [0016] During setting operation, the seal assembly, including
the seal ring and nose ring 37, is landed on the upward facing shoulder 19 of the hanger 18. The seal
assembly is located between the hanger 18 and housing 10. The energizing ring 60 is forced
downward by the running tool or the weight of the string. The reaction point formed between the
upward facing shoulder 19 of the hanger 18 and the downward facing shoulder 39 of the nose ring 37
allow the force applied on the energizing ring 60 to move energizing ring into the slot 30 of the seal
ring 25. When the energizing ring 60 moves into the pocket 30, it deforms the inner and outer seal legs
22, 26 of the seal ring 25 against the housing 10 and the hanger 18. The force applied via the
energizing ring 60 also axially collapses and radially expands the outer diameter of bellows 40. The
inner diameter of bellows 40 contracts radially. The inner surface 42 of the bellows 40 contacts the
outer profile 43 of the hanger 18 and the outer surface 46 of the bellows 40 contacts the bore 12 of the
housing 10. The radial distance from the inner diameter to the



outer diameter of bellows 40 when fully axially contracted is greater than the radial distance from
hanger profile 43 to wellhead housing bore 12. [0017] This engagement by the expanded bellows 40
with the hanger 18 and housing 10 provides a rigid stop for the seal assembly, allowing the seal to be
fully set, as shown in Figure 2. Once set, any additional upward force on the hanger 18 is transmitted
into the bellows 40 of the nose ring 37, increasing radial force and friction into the outer profile 43 of
the hanger 18 and bore 12 of the housing 10, thus providing greater lockdown capacities to the hanger
18 and preventing the sealin e%ment 25 from being exposed to the full forces from the hanger 18 and
casing (not Qﬁb%??ﬁﬂ@%%?dﬁ ?W@W%‘ring 37 with bellows 40 also accommodates the situation
of landing high due to debris on the hanger 18. The surfaces of bellows 40 that contact hanger profile
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ring 74 is th gly connected to the seal ring connection /6. The slots
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the nose ring 74 by facilitating the collapse and aiding in thermal expansion of the bellows 72.
invention;

[0010] Figure 3 is a front view of a lock ring with bellswin accordance with an
embodiment of the invention;
[0011] Figure 4 is a sectional view of bellows with teeth accordance with an

embodiment of the invention.
Detailed Description of the Invention:

[0012] Referring to Figure 1, an embodiment of the inv@mghows a portion of the high
pressure wellhead housing or outer wellhead mermberA portion of a seal assembly is
shown between the wellhead housing 10 having a B@raevith wickers 14 formed
thereon and a casing hanger or inner wellhead mef@with wickers 20 formed on an
exterior portion. The seal assembly is shown iuaset position in Figure 1. Housing
10 is typically located at an upper end of a wall aerves as an outer wellhead member
10. In this embodiment, the casing hanger 18 Imaspmvard facing shoulder 19 for
supporting a lower portion 21 of the seal assemt{ymetal-to-metal seal assembly has
an inner seal leg 22 with and inner wall 24 sealigginst the cylindrical wall of casing

hanger 18. Seal ring 25 has an outer seal legi®6an outer wall surface 28 that seals



[0020] In another embodiment, the bellows 40 portion of the nose ring 37 may be made of a material
with a different coefficient of thermal expansion than the hanger 18 and housing 10 that allow bellows
40 to thermally expand at a greater rate, thus adding to its lockdown capacities. [0021] In yet another
embodiment shown in Figure 4, teeth 80 may be formed on bellows 82 formed on a nose ring 84. The
teeth 80 aid in the lockdown function by digging into the bore 12 of the housing 10 (Figure 1) and the
outer profile 43 of the hanger 10 (Figure 1). Thus, lockdown capacity is advantageously increased by
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comprising: 25 to the nose ring 37. A lower portion 39 of tiwse ring rests on the upward facing
shoulder 19 of the casing hanger 18 to provideaati@n point during setting operations.
In this embodiment, a plurality of bellows 40 aoenied on the nose ring 37 to increase
lockdown capacity of the seal assembly. The ballé® may be formed in a helical
shape. The bellows 40 have an inner surface 42félsas an outer profile 43 of the
hanger 18. In this embodiment, the outer profBehds a slight taper, however, the outer
profile 43 may also be formed without taper. Aneswsurface 46 on the bellow 40 faces
the bore 12 of the housing 10. A bellows thickrfess inner to outer surfaces 42, 46 of
the bellows 40 may vary as the inner surface 4pvd the taper of the outer profile 43
of the hanger 18. Each of the bellows may haveulation 44 that form a "V" or "U"
shape. Gaps 48 are formed between the outer sarfig of the bellows 40. Similarly,
gaps 50 are formed between the inner surfaces #2edbellows 50. The gaps may be
between 0.010 to 0.75 inches before setting. Wherseal assembly is set, as shown in
Figure 2, the bellows 40 will collapse, reducingidth of the gaps 48 (Figure 1) as the

bellows 40 expand inward and outward into the optefile 43 of the hanger 18 and the

bore 12 of the housing 10. Bellows 40 is formednetal.



an outer wellhead member (10) having a bore (12); an inner wellhead member (18) located in the bore
(12); a seal ring (25) between and in sealing engagement with the inner and outer wellhead
members (18, 12), and a bellows (40) on a lower end of the seal ring (25)" the bellows (40) being
axially contractible, having outer surfaces (46) that expand outward radially and inner surfaces (42)
that contract radially inward to engage the outer and inner wellhead members (18, 10), respectively.

2. The assembly according to claim 1, wherein the seal ring (25) has an inner annular member (22)
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hanger 18 in addition to those in the prior art.
[0015] Continuing to refer to Figure 1, an energizing ri6@ is typically forced
downward by a running tool (not shown) or the weigha string (not shown) to force it
into the slot 30 of the seal ring 25. An uppertioor 62 of the energizing ring 60 allows
threaded connection to the running tool or stridgn outer nut 64 keeps the assembly of
the energizing ring 60 together during assembly @etations. The energizing ring 60
deforms the inner and outer seal legs 22, 26 ofdla¢ ring 25 against the outer wellhead
member 10 and the inner wellhead member 18.
[0016] During setting operation, the seal assembly, inolyidhe seal ring and nose ring
37, is landed on the upward facing shoulder 1%hefttanger 18. The seal assembly is
located between the hanger 18 and housing 10. eHReegizing ring 60 is forced
downward by the running tool or the weight of theng. The reaction point formed
between the upward facing shoulder 19 of the had@eiand the downward facing
shoulder 39 of the nose ring 37 allow the forceliadpon the energizing ring 60 to move
energizing ring into the slot 30 of the seal rirg 2When the energizing ring 60 moves
into the pocket 30, it deforms the inner and ogeal legs 22, 26 of the seal ring 25
against the housing 10 and the hanger 18. The fapplied via the energizing ring 60
also axially collapses and radially expands theeodiameter of bellows 40. The inner
diameter of bellows 40 contracts radially. Theenmsurface 42 of the bellows 40
contacts the outer profile 43 of the hanger 18 thiedouter surface 46 of the bellows 40

contacts the bore 12 of the housing 10. The raliédnce from the inner diameter to the



an annular energizing ring (60) having a lower end insertable between the inner and outer annular
members (22, 26) of the seal ring (25), so that when the lower end of the energizing ring (60) is
inserted between the inner and outer annular members (22, 26) of the seal ring (25), outer walls (24,
28) of the inner and outer annular members (22, 26) of the seal ring (25) are urged radially outward
into sealing engagement with the inner and outer wellhead members (18,10). 4. The assembly
according to claim 3, further comprising: an annular extension (32) extending downwards and

located below the seal ring 25), the annylar extensjon 3_2} having a downward facing hower urface
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having a |OV\a Sr’%%‘ﬁ%i@@&éfb%&%ﬁ’ﬁgegr% éop\évﬁ%r? %Vﬁy(t?ﬁ%u?ﬁﬂg? %v%lhead member (18). 5. The
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provides a rigid stop for the seal assembly, allgithe seal to be fully set, as shown in
Figure 2. Once set, any additional upward forceghenhanger 18 is transmitted into the
bellows 40 of the nose ring 37, increasing radiaté and friction into the outer profile
43 of the hanger 18 and bore 12 of the housingti@s providing greater lockdown
capacities to the hanger 18 and preventing thengeelement 25 from being exposed to
the full forces from the hanger 18 and casing &matwn). The design of the nose ring 37
with bellows 40 also accommodates the situatiotanéling high due to debris on the
hanger 18. The surfaces of bellows 40 that comaager profile 18 and housing bore 12
do not form seals.
[0018] Further, force from the bellows 40 of the nose Biignay be sufficient to deform
the outer profile 43 of the hanger 18 or bore 1thefhousing 10. In such cases, this will
further increase lockdown capacities.
[0019] In another embodiment shown in Figure 3, cuts otss¥0 may be formed on
bellows 72 formed on nose ring 74, in an axialaion. Alternatively, slots 70 may be
formed on bellows 72 on nose ring 74, in a slardedction. This nose ring 74 is
threadingly connected to the seal ring 26 (Figyreid a threaded connection 76. The
slots 70 make the structure of the bellows 72 rmmtinuous. The slots 70 aid in the

lockdown function of the nose ring 74 by facilitagithe collapse and aiding in thermal

expansion of the bellows 72.



6. The assembly according to claim 4, wherein the nose ring (37) is connected to the annular
extension (32) via a threaded connection (34) formed between the annular extension (32) and an
upward extension of the nose ring (37). 7. The assembly according to claim 1, wherein the bellows
(40) comprise undulations (44) that meet at a point and form gaps (48, 50) at an opposite end of the
undulations (44), the gaps in the bellows (40) exist prior to setting, the gaps (48, 50) diminishing when
the bellows (40) collapses during setting 8. The assembly according to claim 1, wherein slots (30) are
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lockdown capacities.

[0021] In yet another embodiment shown in Figure 4, t&etimay be formed on bellows

82 formed on a nose ring 84. The teeth 80 aitienockdown function by digging into

the bore 12 of the housing 10 (Figure 1) and thterqurofile 43 of the hanger 10 (Figure

1). Thus, lockdown capacity is advantageouslyeased by sharing upward forces on

the hanger 18 among the present invention and tmestdanisms of the prior art. In

addition, the present invention may also saveithe and money associated with having

to re-trip in order to install a lockdown hangeurtRer, with the present invention there

is no need for additional locater grooves in theidnog, thus allowing for greater

misalignment during operation.

[0022] This written description uses examples to dischbse invention, including the

best mode, and also to enable any person skilletthenart to practice the invention,

including making and using any devices or systemd$ @erforming any incorporated

methods. These embodiments are not intended tbthen scope of the invention. The

patentable scope of the invention is defined by ¢leems, and may include other

examples that occur to those skilled in the amichSother examples are intended to be

within the scope of the claims if they have struatelements that do not differ from the

literal language of the claims, or if they includgquivalent structural elements with

insubstantial differences from the literal languagéhe claims.
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11. A method for sealing an inner wellhead member (18) to an outer wellhead member (10),
comprising: providing a seal assembly having a bellows (40) carried on a lower end; landing and
setting the seal assembly between the inner and outer wellhead members (18, 10); in response to
setting the seal assembly, expanding outer surface (46) of the bellows (40) outward into engagement
with the outer wellhead member (10); contracting inner surfaces (42)of the bellows (40) inward into
engagement with the inner wellhead member (10). 12. The method according to claim 11, further
comprising %{ovid{_nl?ﬁt%eth b(ﬁ)ﬁ)l on one of the surface (42, 46) of the bellows (40) and driving the teeth

into engage hé Pilwier and outer wellhead members (18, 10).
1. A wellhead assembly with an axis, comprising:

an outer wellhead member (10) having a bore (12);

an inner wellhead member (18) located in the §b2¢;

a seal ring (25) between and in sealing engagewiémthe inner and outer
wellhead members (18, 12), and

a bellows (40) on a lower end of the seal ring (2®)e bellows (40) being axially
contractible, having outer surfaces (46) that edpautward radially and inner surfaces
(42) that contract radially inward to engage theepand inner wellhead members (18,

10), respectively.

2. The assembly according to claim 1, wherein the se@l(25) has an inner
annular member (22) and an outer annular membegic{@®imscribing a portion of the

inner annular member (22).

3. The assembly according to claim 2, further compgsi

an annular energizing ring (60) having a lower grseértable between the inner
and outer annular members (22, 26) of the seal(86y so that when the lower end of
the energizing ring (60) is inserted between timeirand outer annular members (22, 26)
of the seal ring (25), outer walls (24, 28) of theer and outer annular members (22, 26)
of the seal ring (25) are urged radially outwart isealing engagement with the inner

and outer wellhead members (18,10).
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4. The assembly according to claim 3, further compgsi

an annular extension (32) extending downwards acatéd below the seal ring
25), the annular extension (32) having a downwacihfy lower surface (36);

an annular nose ring (37) connected to the anextansion (32), the nose ring
(37) having an upward facing shoulder (38) in contéth the lower surface (36) of the
annular extension (32) and having a lower surf88¢ for landing on a portion of the

inner wellhead member (18).

5. The assembly according to claim 4, wherein theoled|(40) are formed on the

nose ring (37) in a helical shape.

6. The assembly according to claim 4, wherein the mogg(37) is connected to the
annular extension (32) via a threaded connectidhfg8med between the annular

extension (32) and an upward extension of the nogg37).

7. The assembly according to claim 1, wherein theolaedl(40) comprise
undulations (44) that meet at a point and form d4ps50) at an opposite end of the
undulations (44), the gaps in the bellows (40)tgxi®r to setting, the gaps (48, 50)

diminishing when the bellows (40) collapses duseting.

8. The assembly according to claim 1, wherein slo®§ &e formed on the bellows

(40) and extend from a lower end to an upper entie@bellow (40) to facilitate collapse

of bellows (40) during setting operations.
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9. The assembly according to claim 1, wherein therimvedlhead member (18)
comprises a shoulder (19) projecting radially ouwtiva allow the lower surface (39) of
the annular nose ring (37) to land, the shouldeviding a reaction point during setting

operations.

10. The assembly according to claim 1, wherein a se&teth (80) is formed on at

least one of the bellow (82) inner and outer di@mstirfaces.

11. A method for sealing an inner wellhead member {@&n outer wellhead
member (10), comprising:
providing a seal assembly having a bellows (4@)e@don a lower end;
landing and setting the seal assembly betweemtiez and outer wellhead
members (18, 10);
in response to setting the seal assembly, exparditey surface (46) of the
bellows (40) outward into engagement with the outelthead member (10);
contracting inner surfaces (42)of the bellows (#@)ard into engagement with

the inner wellhead member (10).

12. The method according to claim 11, further compgginoviding teeth (80) on one

of the surface (42, 46) of the bellows (40) andidg the teeth into engagement with one

of the inner and outer wellhead members (18, 10).
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