METAL-TO-METAL SEAL WITH TRAVEL SEAL BANDS FIELD OF THE
INVENTION This invention relates in general to wellhead assemblies and in
particular to a seal for sealing between inner and outer wellhead members.
BACKGROUND OF THE INVENTION Seals are used between inner and

outer wellhggc mbriey- memiers kA comiain nFeavaE welk Aresamedrhe inner
wellhead member may be a casing hanger located in a wellhead housing

t ing of casing extending into the well. A seal or packoff
Flﬁs@tﬁ%ﬁﬂgﬁ’%mger and the wellhead housing. Alternatively, the
inner wellhead member could be a tubing hanger that supports a string of
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ng, a Christmas tree, or a tubing head. A" packoff or seal seals between
the tubing hanger and the outer wellhead member. A variety of seals of this

BAGtReR3 Pe@r'férrhkﬁd%(ﬁhlm@lﬁrior art. Prior art seals include

elastomeric and partially metal and elastomeric rings. Prior art seal rings

safarfylareluti@iya@ftb Wsdal ifme‘oanmgut@t?vémhmm mksb@b i© asooeiptoyeenal well
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deformation of the seal's inner and.quter walls exceeds the yield strength of
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with wellheags located at the surface, rather than subsea. The well fluid
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A variety of seals of this nature have been emmloyethe prior art. Prior art seals

include elastomeric and partially metal and elastoenrings. Prior art seal rings made
entirely of metal for forming metal-to-metal seale also employed. The seals may be
set by a running tool, or they may be set in respdn the weight of the string of casing
or tubing. One type of prior art metal-to-metalsieas inner and outer walls separated
by a cylindrical slot. An energizing ring is push@to the slot in the seal to deform the
inner and outer walls apart into sealing engagemaitit the inner and outer wellhead
members. The energizing ring is a solid wedge-sttapember. The deformation of the
seal's inner and outer walls exceeds the yielchgtheof the material of the seal ring,

making the deformation permanent.

Thermal growth between the casing or tubing andvwtaihead may occur, particularly
with wellheads located at the surface, rather thdosea. The well fluid flowing upward
through the tubing heats the string of tubing, &mch lesser degree the surrounding
casing. The temperature increase may cause tivggthlanger and/or casing hanger to

move axially a slight amount relative to the owmte&llhead member. During the heat up



casing. The temperature increase may cause the tubing hanger and/or
casing hanger to move axially a slight amount relative to the outer wellhead
member. During the heat up 1 transient, the tubing hanger and/or casing
hanger can also move radially due to temperature differences between

tr&asTnnNenis angife Hiiegent sageofdhsimalrxrpasi@roframwhicdiagy due to
component materials are constructed. If the seal has been set as a result of
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may be reduced if there is movement in the axial direction due to pressure or
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walls of the seal ring, which may cause the seal to leak. A loss of radial
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roblem in metal-to-metal seals has been the addition of a set of wickers to
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leskmatningslistkratha!l Wiekitig Getheoasing Segiden sealings erngeas dhe to thermal
inner wall of the seal after it is d?ﬁforme by the energizing ring and lock the
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effects, the seal can experience a moment that leads to leakage on the side
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anger. The'wickers sealingly engaged both the "outer and inner walls
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Another approach called for the use of a set okeng on both the bore of the wellhead
housing and on the exterior of the casing handée wickers sealingly engaged both the
outer and inner walls of the seal after they wertoidned by the energizing ring. This

locked the annulus seal into place on both sidesimating the effect of the moment that

caused the seal to slide and pivot along the dbioke surface as described above.
However, seal travel due to thermal growth cycled eontinued increases in production
pressure still resulted in seal leakage.

A need exists for a technique that addresses thldesskage problems described above.
In particular a need exists for a technique to ta@&ina seal between inner and outer
wellhead members experiencing changes in relatogtipns due to thermal affects,

especially those caused by high pressure and bigpdrature wellbore conditions. The

following technique may solve these problems.



A need exists for a technique that addresses the seal leakage problems
described above. In particular a need exists for a technique to maintain a
seal between inner and outer wellhead members experiencing changes in
relative positions due to thermal affects, especially those caused by high

S PIERRArEaDH higlE iR @Etunewellbore conditions. The following technique
may solve these problems. 2 SUMMARY OF THE INVENTION In an

embodiment of the present technique, a seal assembly.is provided t forms
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even when increased thermal and ssure effects result in axial movement
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and quter walls,into sealing engagement with,inner and outer. wellhead .
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ormation of the seal body, but not the energizer ring. In order to
accommodate sealing over scratches and surface trauma of the wellhead
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side of the inlay and are~prefera figuration to assist in the flow of
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mating members. In an illustrated embodiment, a set of wickers is located on
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area. In this example, the height'of the slick areas is _ _
preferably in a V configuration to assist in thewl of inlay material to provide a seal.

The size and thickness of the metallic inlays afficsent to provide for scratch filling

and therefore sealing between the mating members.

In an illustrated embodiment, a set of wickersmsated on both the bore of the wellhead
housing and on the exterior of the casing hangdre profile of each set of wickers is
interrupted by a cylindrical slick area. In thisaexple, the height of the slick areas is
slightly less than the height of the soft metaltiays located on the seal but the ratio of
the heights can vary. The wickers sealingly endagé the outer and inner walls of the
seal after they are deformed by the energizing. rihge wickers grip the seal ring walls
and lock it into place to prevent the seal fromogivg due to the moment caused by the
relative axial movement of the wellhead membefsthdrmal growth cycles or pressure
cause axial movement of the seal assembly, the meftllic inlay bands deformed
against the slick areas can then maintain a seslidipng or traveling along the slick area.
Alternatively, the set of wickers can be locatedtbe exterior of an inner wellhead

member such as a tubing hanger, with another sefiaiiers located on the bore of an



slightly less than the height of the soft metallic inlays located on the seal but
the ratio of the heights can vary. The wickers sealingly engage both the
outer and inner walls of the seal after they are deformed by the energizing
ring. The wickers grip the seal ring walls and lock it into place to prevent the
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of the wellhead members. If thermal growth cycles or pressure cause axial
h&@bvement of the seal assembly, the soft metallic inlay bands deformed

against the slick areas can then maintain a seal by sliding or traveling along
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of an inner wellhead member such as a tubing hanger, with another set of
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machined pocket on the inner surface of the energizing ring to lock the seal

Tf%‘@&ﬁﬁ)f?@fﬂ)‘ﬁr-&@t&%%ﬁéi@?&r&%‘% Ly péﬂ\@Fb‘?ﬁrﬁj@{hﬂﬁgE? the. locking

energizing rings, the locking mechanisms of the seal ring"and’the €nergizing
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Alternatively, the soft inlays may be made from a’hon- metallic material or
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(polyphenylene sulfide).
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a sectional view of a seal assemblia Wie energizing ring locked to the seal,
but unset, in accordance with an embodiment ofrthention;

Figure 2 is a sectional view of the seal assemblizigure 1 in the set position with
deformation of the seal and soft inlay materiah@tordance with an embodiment of the

invention.
DETAILED DESCRIPTION OF THE INVENTION

Referring to Figure 1, an embodiment of the inn@mshows a portion of a high pressure
wellhead housing 10. Housing 10 is located at greu end of a well and serves as an

outer wellhead member in this example. Housingd®dbore 11 located therein.

In this example, the inner wellhead member comprisecasing hanger 15, which is
shown partially in Figure 1 within bore 11. Altately, wellhead housing 10 could be a



Figure 1 is a sectional view of a seal assembly with the energizing ring locked
to the seal, but unset, in accordance with an embodiment of the invention;
Figure 2 is a sectional view of the seal assembly of Figure 1 in the set
position with deformation of the seal and soft inlay material in accordance
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INVENTION Referring to Fi\%ure 1, an embodiment of the invention shows a
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radRIET Shstetiameiratebaeeeasian aetRiene fra@membaidRdhis12 and a slick
examale Housing 10 has a bore 11 located therein. In this example, the
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orparéatylindriearevhwvihisezorpockeblternateyewained heusiodidd epWdde set of

a 4 tubing spool or a Christmas tree and casina hanger 15 could instead be
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loeatedtanerarmdabernesheradiknaraced ingaghpntheoidckbte defing and slick
seal ftgi(:ket 17. Wickers 12 and.a slick area 13 are_located on the wellhead
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. are interru te(rjgbvg{ithe sl'clﬁreas 13, 19 such that wickers 12, 18 are located

INtQIBRIAY fES stick Sreas 13, 19. However, the wickers 12, 18 and
slick areas 13, 19 may be configured in other arrangements. For example,
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wellhernddad lsinglhbig ddaldrathisexample outdl 8 contains inlays 33 formed of a
soft metal such as tin indium or alternatively mddmm a non-metallic material or
polymer such as PEEK (poly-ether-ether-keytondy®8 (polyphenylene sulfide). Each
wall surface 25, 29 is cylindrical and smooth, etcéor the portions of the walls
containing the soft metal inlays 33. The inlaysHz®e grooves formed on the sealing
side of the inlay 33. The grooves are preferably iV configuration and assist in the
flow of inlay material to provide a seal. Inlay aBgns with smooth cylindrical surface

13 and 19 when seal assembly 21 is in pocket 17.

In this example, seal ring 23 is uni-directionalyimg an upper section only; however, a
seal ring that is bi-directional may be used. Tpper section has a slot 35. The inner
and outer surfaces forming slot 35 comprise gelyecglindrical surfaces that may be

straight.

An energizing ring 41 engages slot 35 on the ugp. Energizing ring 41 is forced
downward into slot 35 by a running tool (not shoveohnected to grooves 43 on the

inner diameter of upper energizing ring 41 duriettisg. Alternatively, seal assembly



wellhead housing bore 11. In this example outer wall 29 contains inlays 33
formed of a soft metal such as tin indium or alternatively made from a
non-metallic material or polymer such as PEEK (poly-ether-ether-keytone) or
PPS (polyphenylene sulfide). Each wall surface 25, 29 is cylindrical and

2 SaRPEnexfeRigfeind 2 Perignscop e orallsuhantainingted #al msi@linlaye weight
33. The inlays 33 have grooves formed on the sealing side of the inlay 33.
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and 19 when seal assembly 21 is in pocket 17. In this example,_seal rin
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outer surfaces forming slot 35 comprise generally cyIindrical surfaces that
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rlnﬁémmtnagtherfmeare)faaga@dmg ring 41 and outer seal leg 31 may be
formed at a locking taper. In an embodiment of the invention, an outwardly
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energizing ring 41. Ring 44 has parallel grooves 47 on its outer surface and

susfreaqd taefcrd g pwalnrabfl gerRiredSiomeed ante soraswianaef outer
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shou of retainer ring 44, é)reventlng eneérgizing ring 41 from pulling out
megyedapially from pocket 45, an

grooves 47 ondimer surface of retainer ring 44 will
engage and ratchet by grooves 55 on the inner cgurdé outer seal leg 31, locking
energizing ring 41 to seal ring 23. Retainer ridxy can move downward relative to

grooves 55, but not upward.

Energizing ring 41 has a wedge member 61 or engagantion that engages slot 35.
Energizing ring 41 has an inner surface 63 and werosurface 65 for engaging the
opposite inner sidewalls of slot 35 in seal ring 23ner and outer surfaces 63, 65 may be

straight surfaces as shown, or curved surfaces.

A lower extension 56 secures by threads to the dgeetion of seal ring 23. The lower
extension 56 extends down to contact an upwardhdashoulder (not shown) on the
interior of casing hanger 15. Alternatively, tlosver extension 56 can extend down to
contact an upward facing shoulder (not shown) dacking mechanism that locks the
seal assembly to a wellhead member as the eneaygirig 41 applies force through the

seal ring 23 and down through the lower extenstén 5



ring 23 once the two are engaged. As shown in Figures 1 and 2, a recess 53
is formed below shoulder 51 on the inner surface of outer seal leg 31.
Parallel grooves 55 are formed on the inner surface of outer seal leg 31 just
below recess 53. When energizing ring 41 is set, retainer ring 44 will move
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44 will en&age and ratchet by grooves 55 on the inner surface of outer seal
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wedge member 61 or engaging portion that ea%ages slot 35. Energizin? ring
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63, 65 may be straight surfaces as shown, or curved surfaces. A lower
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assemhly 21 (Figure 1) and lowered into the s aéﬁ)cket 17 formed tgtge |
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cylindrical wall of seal pocket 17 while the sofetal inlay 33 on the outer wall 29 will
deform against the slick area 13 of the wellheagshng bore 11, effect a seal. The soft
metal inlays 33 can also embed into wickers 1)d@ending on the height ratio between

the inlays 33 and the slick areas 13, 19.

During the downward movement of the energizing drgrelative to the seal assembly
21, the outwardly biased retainer ring 44 ridesregaecess 53. As shown in Figure 2,
as the wedge member 61 of the energizing ring 4arazes into slot 35, the retainer ring
44 and grooves 55 engage and ratchet by grooves 5 inner surface of seal leg 31.
As a result, retainer ring 44 locks energizing rigto seal ring 23 as shown in Figure 2,
preventing retainer ring 44 from working its wayt @l the seal ring 23. Vent passages
or penetration holes may be incorporated acrosg&edember 61 and through upper
energizing ring 41 so that a hydraulic lock cormtitdoes not prevent axial make-up of

the energizer and seal system.



wall 29 of outer seal leg 31 will be closely spaced to wickers 12 and slick
area 13 on the wellhead bore 11. The inner wall 25 of inner seal leg 27 will
be closely spaced to the wickers 18 and slick area 19 on the cylindrical wall
of seal pocket 17. The running tool or string (not shown) will then push the
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member 61 engages the slot 35 to cause the inner and outer seal legs 27,
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engagement while the outer wall 29 of outer seal leg 31 will embed into
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seal pocket 17 while the soft metal inlay 33 on the outer wall 29 will deform
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height ratio between the inlays 33 and the slick areas 13, 19 During the
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uring produ ctlo S may caus ing to g
argasrhd) gebwth. If so, the casing hanger 15 may move upward relative to the
wellhead housing 10. The inner seal leg 27 will move upward with the casing

In"#OVARL that seal assembly 21 is to be remdnad bore 11, a running tool is
connected to threads 43 on upper energizing ringAlupward axial force is applied to
upper energizing ring 41, causing it to withdrawnfr slot 35 and retainer ring 44 to
disengage grooves 55 on seal leg 31. However,tduetaining shoulders 49, 51,
energizing ring 41 will remain engaged with seabrR3, preventing the two from fully

separating (Figure 1).

In an additional embodiment (not shown), the shekas 13, 19 are located at the lower
ends of the wicker 12, 18 profiles. The soft matkdys 33 are also located lower on the

inner and outer seal legs 27, 31 to correspondtéhocation of the slick areas.

In an additional embodiment (not shown), the welthdnousing 10 could be a tubing
spool or a Christmas tree. Furthermore, the casamger 15 could instead be a tubing

hanger, plug, safety valve or other device.



and relative to the outer seal leg 31. The retainer ring 44 will grip the grooves
55 to resist any upward movement of energizing ring 41 relative to outer seal
leg 31. The wickers 12, 18 will maintain sealing engagement with the inner
wall 25 of inner seal leg 27 and the outer wall 29 of outer seal leg 31. If the
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compromised due to excessive thermal growth cycles or higher operating
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deformed against slick area 13 on the wellhead bore 11 and slick area 19 on |
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cycles or higher operating pressures by sliding along the slick areas 13, 19.

In the event that seal assembly 21 is to be removed from bore 11, a running

tool is connected to threads 43 on upper energizing ring 41. An upward axial

force is applied to upper energizing ring 41, causing it to withdraw from slot

35 and retainer ring 44 to disengage grooves 55 on seal leg 31. However,

due to retaining shoulders 49, 51, energizing ring 41 will remain engaged

with seal ring 23, preventing the two from fully separating (Figure 1). In an

additional embodiment (not shown), the slick areas 13, 19 are located at the

lower ends of the wicker 12, 18 profiles. The soft metal inlays 33 are also

located lower on the inner and outer seal legs 27, 31 to correspond with the

location of the slick areas. In an additional embodiment (not shown), the

wellhead housing 10 could be a tubing spool or a Christmas tree.

Furthermore, the casing hanger 15 could instead be a tubing hanger, plug,

safety valve or other device. 8 While the invention has been shown in only

one of its forms, it should be apparent to



those skilled in the art that it is not so limited but is susceptible to various
changes without departing from the scope of the invention. For example, the
seal could be configured for withstanding pressure in two directions, if
desired, having two energizing rings. In addition, each energizing ring could
weeaftepdots, satheptign solid. 9 WHAT IS CLAIMED IS: 1. A wellhead
assembly (10) with an axis, characterized by: an outer wellhead member

(10) vm re 1{%‘ eIIhead me adapted to be
1'Ioc:at b@bé@ Qe%l fu)ﬁllsac afrﬁ%é%%re (11) and on an
exterior portlon (17) of the inner wellhead member (15); a set of wickers (12,

angyfermedhead rmasobere(dD)Hewyi aubfaeetldfid a smooth cylindrical
surface (13, 19) adjoining the set of wickers (12, 18); a seal ring (23) between

aﬁhﬁd@F‘Weﬂﬂ@é&'?%ﬁﬁ%‘@??@@)”&%@@%@&iﬁeﬂeh&@@ﬁd@ﬁiﬂnd outer walls
(25, 29) separated by a generally cyllndrlcal slot (35), an inlay band (33) of a

OSSR RN UL (6P ERITKDl i dae’ nner

wiaéanemantbeutansyalls (25, 29) in the slot (35) of the seal ring (23) during
installation to push the inner and outer walls (25, 29) into sealing

a o) ith.the Jjgoer er.well
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cydinvliisiad rsuiface 81 2ntP tlaeljoiiaip i dinel $88P¢ketosr(E2add)ist the smooth
cylindrical surface (13, 19) adjoining the set of wickers (12, 18). 2. The

a %‘éé?ﬁ}*iﬁy 28FYENBAN HRIThAeVAREEUIBE WRAMNRANELR3) 17518 f%ﬁ%‘}g inner and

dimension smaller than an axial dimension of the set of chkers

outhe Wale (sly 22 srMARIE ¢ RhR DeNRERBINAAERhEYtHaRY m)mgx band (33) of a
defoPhARAE material on one of the walls (25, 28) a

an energizing ring (41) generally cylindrical inaple with surfaces (63, 65) that slidingly
engages the inner and outer walls (25, 29) in tbe(85) of the seal ring (23) during
installation to push the inner and outer walls (28) into sealing engagement with the

inner and outer wellhead members (15, 10); wheneupo

one of the walls (25, 29) on the seal ring (23) edsointo the set of wickers (12, 18) and
the inlay band (33) deforms against the smootmdyical surface (13, 19) adjoining the
set of wickers (12, 18).

2. The assembly according to claim 1, wherein tilayi band (33) has an axial

dimension smaller than an axial dimension of theobickers (12, 18).

3. The assembly according to claim 1, wherein tiayi band (33) has V-shaped
grooves formed therein prior to deformation.

4. The assembly according to claim 1, wherein tteyi band (33) is made out of a

metallic material.
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grooves formed therein prior to deformation. 4. The assembly according to
claim 1, wherein the inlay band (33) is made out of a metallic material. 10 5.
The assembly according to claim 1, wherein the inlay (33) is made out of a
non- metallic material. 6. The assembly according to claim 5, wherein the
non-metallic material is polyphenylene sulfide (PPS ). 7. The assembly
according to claim 5, wherein the non-metallic material is poly-

ether-ether-keytone (PEEK). 8. The assembly accordin. claim 1, wherei
5.t 216 B 5 A Tt e GH G s ety D 231 non-
mé&g)ivdtmaveristinooth cylindrical surface (13, 19) located there between. 9.

The assembly according to claim 8, wherein one of the sets of wickers (12,

18) i in each seal sUrfaces: an h eylindrical . . -
6'surfair(§§r (13, %ﬁo&@c of%e@g@os’ W?Xﬁi‘grtﬁ@ %ﬁ%}%nﬁﬁtﬁg s
pahiahenz®ne Ridhesd(BR8ach of the walls (25, 29). 10. The assembly

according to claim 1, wherein an axial dimension of the inlay (33) is greater

7.than an&dakeimansiie Siding S81RmCylindReAd iU tiRem ELaHiEDhdibrilhes poly-
assembly of claim 1, wherein: the wicker profiles (12, 18) are located above
ether-gthsoke¥iamRIiCaE Haces (13, 19) on both the wellhead members (15,

10); and an axial length of each inlay (33) is less than an axial length of either

8.of theTwickasanifileaddadrdify 2 chimetherhisesealiigan omeseetheddkers (12,

(1 Ilh . o
1 %rgrtr)l%rnge%) ttvc\)/(gjl gé)t%t%? \</Vv(|ackeerasd(12, 18) with sheooth cylindrical surface (13, 19)

located there between.
9. The assembly according to claim 8, wherein drithesets of wickers (12, 18)
is formed in each of the seal surfaces;

one of the smooth cylindrical surfaces (13, 19padj each of the sets of wickers (12,
18); and

one of the inlays (33) is located on each of thiksna5s, 29).

10.  The assembly according to claim 1, whereinxaal @imension of the inlay (33)

is greater than an axial dimension of the smoagtimdyrical surface (13, 19).
11. The assembly of claim 1, wherein:

the wicker profiles (12, 18) are located abovedim®oth, cylindrical surfaces (13, 19) on
both the wellhead members (15, 10); and

an axial length of each inlay (33) is less thanaarl length of either of the wicker
profiles (12, 18).

12. A method for sealing an inner wellhead memlds) (to an outer wellhead

member (10), characterized by:
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member (10), characterized by: 11 landing a seal assembly (21) between the
inner and outer wellhead members (15, 10) ;and driving an energizing ring
(41) into a slot (35) in the seal assembly (21) to urge inner and outer walls
(25, 29) of the seal assembly (21) into engagement with the inner and outer

laktfhgead saeaaein bhp (20) beheseinianiiman s welridaashenmetshas, 10) ;and

inner and outer walls (25, 29) of the seal assembly (21) is deformed against
a slick area

df Ao L SplISaNE S SieenbRi L2 oyge inner and
ouimtmdﬂecqzagam)sba Nve:lsmaplaszterﬂtﬂy 121y med degshone witththanimemeanand outer

0 ter eIIhe 1 13 The method according to claim 12,
SRR TRR TR 0y 9Brie)

|n ?crks 1§ Blaced between upper and lower portions

of the wicker profile (12, 18). 14. The method according to claim 12, wherein
anfiala4d$S)8B) alrlepricuea tecinberiasdansl (9525999 ed e assembly (21)

|S"&Q§F£¥%&f5 < z%lol 1%%9‘( e% Jﬁ1 ﬁ }am%d He?%#ﬂoé)lﬁgr wellhead

ers 15."The met ccor ng toc a|m 12, wherein
memtzm&@r@al(@)a a9 i ashrshef dhenéninerenaed \watlsr (28UrRQdis embedded

f?{‘é‘PSr\%nQ% ]Hmﬁ@ﬁh%cel?% h@ele_ésiﬁ EbRENEI S ahl) ARA IRARTEAE Bembers

e Inner an ter wellhea 15, 10). 12
(15, 10).

13. The method according to claim 12, wherein thek sarea (13, 19) is placed

between upper and lower portions of the wickerifgdi2, 18).

14.  The method according to claim 12, wherein thays (33) are placed on each of
the walls (25, 29); and

wherein the wicker profiles (12, 18) and slick ar¢a3, 19) are placed on each of the
wellhead members (10, 15).

15.  The method according to claim 12, wherein tluk sirea (13, 19) on at least one
of the inner and outer wellhead members (15, 1@djacent to the wicker profile (12,
18) on at least one of the inner and outer welllreathbers (15, 10).

12



