WELLHEAD ASSEMBLY HAVING A SINUSOIDAL SEALING PROFILE AND A METHOD TO
ASSEMBLE THE SAME BACKGROUND OF THE INVENTION Field of the Invention: [0001]This
invention relates in general to subsea wellheads and, in particular, to a metal sealing system for
subsea wellheads and related subsea equipment disposed in the subsea wellhead and a method to
assemble the same. Brief Description of Related Art [0002] In hydrocarbon production wells, a
wellhead housing is located at the upper end of the well. The wellhead housing is a large tubular
member ham axial bore extendln thr ougbh it. Casing will extend into the well and will be

cemented i d$ [RAH %E'&%@.ﬁ&%ﬁ%ﬁ%% the
wellhead housing. The exterlor lﬁg%%a%m% EcbdFr&NHe bore of the wellhead housing

by an annular clearance which provides a pocket for receiving an annulus seal. Annular spaces within
concentric members, such as the wellhead housing and the casing hanger, may be exposed to high
pressures downhole that require iBalGdpRONINMOIR THebndINENT IRNIsing and/or production tree.
One manner of isolation involves setting seals within the annular spaces to form a pressure barrier
between the downhole pressure and the ambient pressure to the wellhead housing.

Field of the Invention:

[0001] Thisinvention relates in general to subsea wetle@ad, in particular, to a metal sealing
system for subsea wellheads and related subseanegpii disposed in the subsea wellhead and a

method to assemble the same.
Brief Description of Related Art

[0002] In hydrocarbon production wells, a wellhead houssrigcated at the upper end of the well.
The wellhead housing is a large tubular membemfgpan axial bore extending through it. Casing
will extend into the well and will be cemented lage. A casing hanger, which is on the upper end
of the casing, will land within the wellhead houginThe exterior of the casing hanger is spaced
from the bore of the wellhead housing by an anralé&arance which provides a pocket for receiving
an annulus seal. Annular spaces within concemteimbers, such as the wellhead housing and the
casing hanger, may be exposed to high pressureshadevthat require isolation from within the
wellhead housing and/or production tree. One miapiisolation involves setting seals within the
annular spaces to form a pressure barrier betwessiownhole pressure and the ambient pressure to

the wellhead housing.

[0003] There are many types of annulus seals, includibgey rubber combined with metal, and
metal-to-metal. One metal-to-metal seal in useahidsshape, having inner and outer walls or legs
separated from each other by an annular clearaftenergizing ring, which has smooth inner and
outer diameters, is pressed into this clearanterte the legs apart to seal in engagement with the

inner surface of the outer wellhead member and thghexterior of the inner wellhead member.

[0004] Some annular seals utilize wickers. Wickers mayobated on the exterior of the inner
wellhead member, in the bore of the outer wellhegsnber, or both. The outer leg of the seal

embeds into the wickers of the outer wellhead memibde the inner leg of the seal embeds into



[0003] There are many types of annulus seals, including rubber, rubber combined with metal, and
metal-to-metal. One metal-to-metal seal in use has a U-shape, having inner and outer walls or legs
separated from each other by an annular clearance. An energizing ring, which has smooth inner and
outer diameters, is pressed into this clearance to force the legs apart to seal in engagement with the
inner surface of the outer wellhead member and with the exterior of the inner wellhead member. [0004]
Some annular seals utilize wickers. Wickers may be located on the exterior of the inner wellhead
member, in the bore of the outer wellhead member, or hoth. The outer leg of the seal embeds into the
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The deformation occurs as the wickers "bite" into the annulus seal. In order to cause the seal to
deform WAA0k]t Thenseritigghveckizieease th@emnelli slisectlys mritked DA the U tawisl ibefidrittembbeasteel

df ' | ' i ' |
et wel AT o e R HOE i BT IR, S e R A SEely
capacityglefmﬂmbée metWiweHwég theedover al@@imm&«mxaﬁb@i@gefmmi]m@mﬁgmmem@ﬁ@fs
pressed -‘B%*Wﬁtté?ﬁé REMREY 485 A< Aar0 W réﬁ@a‘i‘%@ﬁé‘f&’?ﬁfvﬁt%@{ @%ﬁgﬁ;@%’\%‘&(&J 2

causes the seal to form in'a top down manner, forming sequential sealing progressively lower

axial locatioweduasseatis wiekier of anyatpdngy weciieitharsiesl. ysethissdhednnes g ad suridsliwslhead
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limited engagement of the wickers reddces the total lockdown and damage tolerance capabilities of
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instances of hydraulic lock, thereby increasing lockdown capacity and damage tolerance of the

annulus 88ajast the wickers. This causes the seal to fimartop down'manner, forming sequential sealing
bands at progressively lower axial locations ab @acker is engaged by the annulus seal. As these
wellhead assemblies are disposed in subsea losafiord will fill the annulus into which the
annulus seals are disposed prior to setting (¢hé As the sealing bands are formed, fluid neay b
trapped between each wicker. The trapped fluittbuip pressure quickly due to its high bulk
modulus. This pressure buildup causes hydrauictlzat limits total engagement or “bite” between
the wickers and the annular seal. The limited gageent of the wickers reduces the total lockdown
and damage tolerance capabilities of the annukis.s&herefore, there is a need for an improved
sealing assembly that decreases instances of ligdi@ek, thereby increasing lockdown capacity

and damage tolerance of the annulus seals.



SUMMARY OF THE INVENTION [0007] These and other problems are generally solved or
circumvented, and technical advantages are generally achieved, by preferred embodiments of the
present invention that provide a wellhead assembly having a sinusoidal sealing profile and a method to
assemble the same. [0008] In accordance with an embodiment of the present invention, a wellhead
assembly is disclosed. The wellhead assembly includes an outer tubular wellhead member with a bore
having an axis and a sealing surface extending an axial distance along an inner diameter surface of
the bore. Wickers are formed in the sealing surface, the wickers circumscribing the bore along an
axially undulating path. The WeIIhea%%%%%Yy%%g%IME%HWer tubular member in the outer

tubular member, and a seal element between the inner tubular wellhead member and the
ourer ton 0 Coa R P, P RS AL e A e SR e el
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assembly also mcludes_an inner tubu _ er in the outer tubular wellhead member, and a sea
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another embodiment of the present invention, a method of forming a wellhead assembly is discloSed.
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position around the circumference of the bore. The method inserts an inner tubular wellhead member
in the outePwasuieWedl daamiahbd harkeahelemer vextadyraanel iRepwickash tAdUia aaaling
wellhead fpgrgpgr and the inner tubular wellhead member. The method urges the seal against the
wickers so that the wickers deform the seal and create a barrier in the annulus. [0011] An advantage
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independent sealing_surfaces with reduced risk of hydraulic lock. This is accomplished by providing a
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portion of the circumference of the bore and foboan axially undulating path. The wellhead
assembly also includes an inner tubular membédrarotter tubular wellhead member, and a seal
element between the inner tubular wellhead memfiettze outer tubular wellhead member. The

seal element may be urged against the wickersho fosealing interface.

[0010Q] In accordance with yet another embodiment of tlesgmt invention, a method of forming a
wellhead assembly is disclosed. The method prevateouter tubular wellhead member having a
bore, an axis, and an inner surface of the outaulém wellhead member having wickers that
circumscribe the bore and vary axially in positwound the circumference of the bore. The method
inserts an inner tubular wellhead member in therubular wellhead member and an annular seal
in an annulus between the outer tubular wellheadhlnee and the inner tubular wellhead member.
The method urges the seal against the wickersasthth wickers deform the seal and create a barrier

in the annulus.



BRIEF DESCRIPTION OF THE DRAWINGS [0012] So that the manner in which the features,
advantages and objects of the invention, as well as others which will become apparent, are attained,
and can be understood in more detail, more particular description of the invention briefly summarized
above may be had by reference to the embodiments thereof which are illustrated in the appended
drawings that form a part of this specification. It is to be noted, however, that the drawings illustrate
only a preferred embodiment of the invention and are therefore not to be considered limiting of its
scope as the invention may admit to other equally effective embodiments.é%g)w]Fi ure 1is a sectional
view of a PigH SrELYaHBRSIAGBPLERIFL £ MRAHEAGNH S LAFRIRRR ! @%B%%‘?H?QM Bahpay
present isegntioh. RORBIEIgepkisdantestgry SationalwiencebiarRkratityef sitkeesckf thenkigh
pressure housin accordance with an embodiment of the present invention. [OOlSllFigure

f Figure 1 in. :
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area during setting of the wellhead assembly. diditeon, the disclosed embodiments provide
increased lockdown capacity by the seal, therehiyifig instances of upward movement of a casing
hanger sealed to a high pressure housing or wellh&ill further, the disclosed embodiments
provide a wellhead assembly with increased tolexdonc wellbore damage when installing the

wellhead assembly in subsea locations.



housing of Figure 2, in accordance with an embodiment of the present invention. [0016]Figure 3 is a
sectional view of the high pressure housing of Figure 1 having additional components of a subsea
wellhead assembly disposed therein in accordance with an embodiment of the present invention.
[0017]Figure 4 is a schematic sectional view of a portion of the wellhead assembly of Figure 3,
illustrating a seal assembly in an unenergized or unset position between the high pressure housing
and a casing hanger in accordance with an embodiment of the present invention. [0018]Figure 5 is a
schematic sectional view of the portion of the wellhead assemblé of Figure 4, illustrating the seal

assembly in an energized or s 'B@ftlBﬁ%gthJﬁ%cﬁFgWﬁFeQ Eﬁng and the casing hanger in

accordance with an embodiment of the present invention. [0019]Figure 6 is a schematic view of a
portion ofobipbwatigt thevickereoinfiduch the features, advastage objects of the invention, as well as

others which will become apparent, are attained, @n be understood in more detail, more
particular description of the invention briefly somarized above may be had by reference to the
embodiments thereof which are illustrated in theemged drawings that form a part of this
specification. Itis to be noted, however, thatdinawings illustrate only a preferred embodimént o
the invention and are therefore not to be consdliereting of its scope as the invention may admit

to other equally effective embodiments.

[0013] Figure 1is a sectional view of a high pressureshiof a subsea wellhead in accordance

with an embodiment of the present invention.

[0014] Figure 2 is an enlarged sectional view of a pltyadf wickers of the high pressure

housing of Figure 1 in accordance with an embodtroéthe present invention.

[0015]  Figure 2Ais an enlarged view of a portion of thaality of wickers of the high pressure

housing of Figure 2, in accordance with an embodiroéthe present invention.

[0016] Figure 3 is a sectional view of the high pressuresing of Figure 1 having additional
components of a subsea wellhead assembly displosezrt in accordance with an embodiment of

the present invention.

[0017]  Figure 4 is a schematic sectional view of a portibthe wellhead assembly of Figure 3,
illustrating a seal assembly in an unenergizedhsetiposition between the high pressure housing

and a casing hanger in accordance with an embodiofi¢ime present invention.

[0018] Figure 5is a schematic sectional view of the partf the wellhead assembly of Figure 4,
illustrating the seal assembly in an energizedbpssition between the high pressure housing and

the casing hanger in accordance with an embodiofahe present invention.

[0019] Figure 6 is a schematic view of a portion of tharality of wickers of Figure 2,
illustrating fluid movement during energizatiortloé seal assembly of Figures 4 and 5 in accordance

with an embodiment of the present invention.



illustrating fluid movement during energization of the seal assembly of Figures 4 and Sin accordance
with an embodiment of the present invention. DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT [0020] The present invention will now be described more fully hereinafter with
reference to the accompanying drawings which illustrate embodiments of the invention. This invention
may, however, be embodied in many different forms and should not be construed as limited to the
illustrated embodiments set forth herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fu%conveg the scope of the invention to those
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numero ific details are set.forth tp provide a thorough u rstanding of the present invention.
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Subsea wellhead assembly 11 may be any suitable wellhead assembly disposable in a subsea
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preventer isolation test tool seal area, a running tool cam profile, and one or more hanger seal profiles
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tubing stAFFERAVEENEpBRERRIRANTAFHSHELBEMHBRKIHY A Par bR URTbEHSRIS VAN b8 down
bushing gedeckeri RapgesBRY SaisERIRABKIBUNNGhdeRS BE PR AR Brevidip aklitopn

pressure capacity for the system. A person skilled in the art will also recognize that a separate seal
profile 15NR4)VEEUBARSAIHSHGEA 2118 PGt IRIRHOFENIL LR tig dagRE RHIB PO &P S VRAtIFAl Righ
pressurenapidsmallstiehiageen skilled in the art will understand that other equipment, such as subsea
trees and the like, may include sealing profiles 15 as described herein.

[0022] Figure 1 illustrates a partial sectional view bigh pressure housing 13 of a subsea wellhead
assembly 11. Subsea wellhead assembly 11 mayiseigable wellhead assembly disposable in a
subsea environment to drill and produce fluid f@subsea location. In the illustrated embodiment,
high pressure housing 13 provides a pressure vegeelace between a blowout preventer (not
shown) and well casing (not shown) disposed in prglssure housing 13. High pressure housing 13
may include one or more of the following: a duallg®ofile at the wellhead connector interface, a
blowout preventer isolation test tool seal areanming tool cam profile, and one or more hanger
seal profiles 15. Seal profiles 15 may be fornmed bore 17 of high pressure housing 13. Bore 17
and high pressure housing have a common axis 1f9ergon skilled in the art will recognize that
one or more casing hangers and associated casimgssds well as one or more tubing hangers and
associated tubing strings may be disposed witlgh pressure housing 13. In some embodiments, a
lockdown bushing or lockdown hanger may be disp@gtdn high pressure housing 13 to provide

additional pressure capacity for the system. A@eskilled in the art will also recognize that a



[0023] Figure 2 illustrates a detailed view of seal profile 15 of high pressure housing 13. Seal profile 15
may be formed of a plurality of wickers 21. As shown in Figure 2, wickers 21 are grooves formed in
bore 17 of high pressure housing 13. Referring to Figure 2A, each wicker 21 may have a triangular
cross sectional profile having a crest 23, an upper flank 25, and a lower flank 27. In an embodiment,
crests 23 of adjacent wickers 21 are separated by a distance 29. In an embodiment, distance 29 may
be approximately one-eighth of an inch. A person skilled in the art will understand that distance 29
may vary as needed for the articular(flgplication to which high pressure housing 13 is put to use. For
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may all have different axial positions relative to locatio n this éxample, a trace of the upper most
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For example locations 28 and 30 have higher axial positions in bore 17 relative to location 22.
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above. In this manner, each wicker 21 ma%/ have locations of hi%her, lower, and equivalent axial
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shown in Figure 2, seali rofile 15 may include partial wickers 32. Partial wjckers 32 are formed in
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for the flow of fluid described in more detail below. In the example of Figure 2, partial wickers 32 each
extend a distance less than the circumference of bore 17 and are spaced apart from each adjacent
partial wicker 32. Although shown as being substantially equidistant, partial wickers 32 can have
varying lengths and be space apart at regular or irregular distances. [0026] lllustrated in a side
sectional view in Figure 3 is one example of a welli€ad assembly 35 and a running tool 37 inserted in
wellhead assembly 35. Running tool 37 includes an inner mandrel 39, having a threaded upper end for

connection to a raising and/or lowering device, such as a drill pipe (not shown). The drill pipe, which in

an example depends downward from a drilling platform (not shown), can be used for raising, lowering,
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[0028] Seal assembly 47 lands in annulus 52 between casing hanger exterior wall 53 and bore 17.
Seal assembly 47 may be made up entirely of metal components. These components may include a
generally U-shaped seal member 57. Seal member 57 has an outer wall or leg 59 and a parallel inner
wall or leg 61, the legs 59, 61 being connected together at the bottom by a base and open at the top.
The inner diameter of outer leg 59 is radially spaced outward from the outer diameter of inner leg 61.
This results in an annular clearance 63 between legs 59, 61. The inner diameter and the outer
diameter are s,mooth_c%Iindrical surfaces parallel with each other. Similarly, the inner diameter of inner
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direction opposite inflection point,67 as go n by arrows 71. For. example..as shown in, Figure.g, fluid
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thus theiheighl wblaiseal[0a6d [favcoeddiygiy athe afikc s ebslobidimenesdetailidelawmerous advantages.
For example, the disclosed embodiments provide a wellhead assembly that may seal with multiple
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flowpath for fluid residing between wickersto move out of the wicker area during setting of the

wellheadPEREIMEN IrPatRItORO thataielese d briB suifthROpraai iR AsighicdabyeapdBifity by
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housing or wellhead. Still further, the disclosed embodiments provide a wellhead assembly with
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partially formed so that a trace of a partial wicB2 is not continuous around the circumference of
bore 17. Partial wickers 32 may vary in heightdlyiin a manner similar to wickers 21 creating
partial fluid channels for the flow of fluid desceid in more detail below. In the example of Figure
2, partial wickers 32 each extend a distance lems the circumference of bore 17 and are spaced
apart from each adjacent partial wicker 32. Aljloshown as being substantially equidistant,

partial wickers 32 can have varying lengths andpse apart at regular or irregular distances.



[0032] It is understood that the present invention may take many forms and embodiments.
Accordingly, several variations may be made in the foregoing without departing from the spirit or scope
of the invention. Having thus described the present invention by reference to certain of its preferred
embodiments, it is noted that the embodiments disclosed are illustrative rather than limiting in nature
and that a wide range of variations, modifications, changes, and substitutions are contemplated in the
foregoing disclosure and, in some instances, some features of the present invention may be employed
without a corresponding use of the other features. Many such variations and modifications é’ng%%[’r%?d

consideréWSHVIGIRIAHPdR SB35 HRBEE AR EY IPHE PR, XaRIBAH 2 WEURKAGARRE TP

deSCfipti%ﬁgﬂfrﬁgi@fﬁw&@ﬁmb@%ﬂﬂm@eﬁm@%&#Emﬁﬁﬁrw;@gﬁihmdfwéﬁaﬂﬂﬂﬁﬁ@r%imﬁ%il%&
construed broadly and jn a manner consistent with the scope of the invention. What is claimed is: 1.
Awellheﬁa"é%%é‘rﬂﬂffﬁd% HBHﬁfr?sfi‘ﬁg?Pr%Bﬁ?&%tﬁﬁ’rﬁ%@ﬁ#@%‘@ﬁé‘%dﬂ@ FHALE AT PjPe

having afnaxishGl)anrha aealpigeswiack itLa) exengigaiposdalcliried 6o @lengidmdgpatfdianatar
surface ofhthe[ﬁore é][g% Wi?kers_ 21) in the sealing surface élSé gﬁ mscrié)}igl the bore 7%‘an g
R R R S e R S
and  a segliRlemeciues) tighysessheinoasingd uBraksiaead axeaneuttt hrmdeiheeieiduivising.
Wl T A AR RO 515G & CasG ot Poh preseare iouShgs: After landing
casing hanger 41 in high pressure housing 13, anlanspace is formed between respective
portions of casing hanger 41 and high pressureihgus3. Additional hangers of similar
configurations are illustrated coaxially within higressure housing 13 and below casing hanger 41.
The additional hangers include, a bridging hargeand another casing hanger 45 beneath the
bridging hanger 43. Seal assemblies 47 are illtexirset in the annular spaces between each of the
hangers 41, 43, 45 and high pressure housing ti8dsasibed in more detail below. At each seal

assembly 47 location, a sealing profile 15 maydsméd in high pressure housing 13.

[0027] Referring to Figure 4, high pressure housing B3asge tubular member located at the upper
end of a well, such as a subsea well. Casing ma@ige a tubular conduit secured to the upper end
of a string of casing (not shown). Casing handdnas an upward facing shoulder 51 on its exterior.
An exterior wall 53 of casing hanger 41 is pardlbethe wall of bore 17 but spaced inwardly. This
results in an annular pocket, clearance, or anriusetween casing hanger exterior wall 53 and
bore 17. Wickers 55 are located on exterior walbbcasing hanger 41. Wickers 55 are similar to
wickers 21 of Figures 2-2A adapted to circumscekierior wall 53 of casing hanger 41. Wickers
55 may have a similar sinusoidal axial positioralation. When disposed in high pressure housing
13, wickers 55 of casing hanger 41 may be radgal|gcent to wickers 21 of high pressure housing
13.

[0028] Seal assembly 47 lands in annulus 52 between chaimgger exterior wall 53 and bore 17.
Seal assembly 47 may be made up entirely of metaponents. These components may include a
generally U-shaped seal member 57. Seal membea$an outer wall or leg 59 and a parallel inner
wall or leg 61, the legs 59, 61 being connectedttugy at the bottom by a base and open at the top.

The inner diameter of outer leg 59 is radially gghoutward from the outer diameter of inner leg 61.



2. The wellhead assembly (11) of Claim 1, wherein the axial position of each wicker (21) varies
sinusoidally. 3. The wellhead assembly (11) of Claim 2, wherein each wicker of the plurality of wickers
is substantially parallel to adjacent wickers. 4. The wellhead assembly (11) of Claim 1, wherein the
wickers (21) are equidistantly spaced from each adjacent wicker (21). 5. The wellhead assembly (11)
of Claim 1, further comprising wickers (55) in a sealing surface on an outer diameter surface of the
inner tubular member (41), the wickers (55) circumscribing the inner tubular member (41) along an

axially undulating path. 6. The wellhead assembly (11) of Claim 1, further comprising partial wickers
(32) i AT 28 (EE) e eui A R B O Bl BT o LT

circumfegpaeeef the Batedih/gyaind fickp wisrRit exicdialaidetaingtinathsirmildhg, wellhead arsasbhofll)
of Claim 6, wherein parﬁa#wickerzﬁ%zﬁ areng oxima}te xjal enotlalof Lhe se Iig%sﬁce 15%. 8. The
wellhead PLERBRA DT PR ANERBIPEQLHFD %ﬁ%ﬁﬂ% i Psd%%’ [ stdRA&Ry similar 9.
The wellhead assembly (11) of Claim 6, wherein adjacent partial wickers (32) are equidistantly spaced
from ead®@8kAn energizing ring 65 is employed to force legs@DBradially apart from each other and into
sealing engagement with wickers 21, 55 as showigure 5. Wickers 55, 21 bite into inner leg 61
and outer leg 59, respectively, of seal assembbsdghergizing ring 65 forces outer and inner legs
59, 61 against wickers 21, 55. Energizing rindp&5 an outer diameter that will frictionally engage
the inner diameter of outer leg 59. Energizing &% has an inner diameter that will frictionally
engage the outer diameter of inner leg 61. Thal#dickness of energizing ring 65 is greater than

the initial radial dimension of the clearance 63.

[0030] In the illustrated embodiments, bore 17 may bedillith fluid during running, landing, and
setting of casing hanger 41 and seal assembl4&nergizing ring 65 moves axially downward
into clearance 63, so that the seal is formed lpaging wickers 21 from top to bottom of sealing
profile 15. Upper wickers 21 such as wicker 21AFgjure 6 bite into and deform the sealing
surface of seal member 57 to create a sealing dlawitker 21A. As U-shaped seal member 57
engages successive wickers.g b5 ., circumferential seal bands may be formed at eacker 21,

55 sequentially from an upper end of seal membeao Zower end of seal member 57. U-shaped
member 57 engages each wicker 21, 55 proximateitdglaction point 67 where the wickers change
direction, illustrated in Figure 6. Continued daxiawnward movement of energizing ring 65 causes
U-shaped seal member 57 to engage successively oh@ach wicker 21, 55, deforming seal
member 57 into valleys 31. As this occurs, fl@diding between adjacent crests 23 of each wicker
21, 55, for example between crest 28d crest 230f wickers 2% and 2%, respectively, flows from
inflection points 67 toward inflection points 69 &re wickers 21, 55 change direction opposite
inflection point 67 as shown by arrows 71. Fomregke, as shown in Figure 6, fluid may flow from
higher relative locations 26, 28, and 30 towarétmn 24. In some embodiments, a portion of the
fluid residing between adjacent crests 23 flowsadutickers 21, 55. In this manner, the volume of
fluid that may be trapped by U-shaped seal memBdyebween adjacent wickers 21, 55 may be
reduced. Reduction of fluid volume between U-sklagsal member 57 and wickers 21, 55 increases

engagement between U-shaped seal member 57 anersvk, 55, deforming more of U-shaped
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10. A wellhead assembly (11) comprising: an outer tubular wellhead member (13) with a bore (17)
having an axis (19) and a sealing surface (15) extending an axial distance along an inner diameter
surface of the bore (17); wickers (21) in the sealing surface (15) circumscribing the bore (17) along
an axially undulating path; partial wickers (32) in the sealing surface (15), wherein each partial wicker
(32) extends along a portion of the circumference of the bore (17) and follows an axially undulating
path; an inner tubular member (41) in the outer tubular wellhead member (13); and a seal element
(47) between the inner tubular wellhead member (41) and the outer tubular wellhead member %3%€nd
a

urged agRfiASTIRERFERMA LIS FIm? & sEai G RREF U™ M EARRAINES RALIEMT (13P6C

10, furtheyeemntiRior dviakgrse@ et rysealingngiifargreinarcagtsy icimset i faagtobitetiiiahe

tubular _met berléﬁnlg., the wickers (55) circumscribing the inner tubular member (41) along an axially

undulacig path
[0031] Accordingly, the disclosed embodiments provide nummg advantages. For example, the
disclosed embodiments provide a wellhead asselmdiiyrtay seal with multiple independent sealing
surfaces with reduced risk of hydraulic lock. Tisiaccomplished by providing a flowpath for fluid
residing between wickers to move out of the wickera during setting of the wellhead assembly. In
addition, the disclosed embodiments provide in@ddsckdown capability by the seal, thereby
limiting instances of upward movement of a casiagder sealed to a high pressure housing or
wellhead. Still further, the disclosed embodimemiavide a wellhead assembly with increased

tolerance for wellbore damage when installing tledilvead assembly in subsea locations.

[0032] It is understood that the present invention maye takany forms and embodiments.
Accordingly, several variations may be made inftegoing without departing from the spirit or
scope of the invention. Having thus describedptfesent invention by reference to certain of its
preferred embodiments, it is noted that the embedisdisclosed are illustrative rather than lingitin

in nature and that a wide range of variations, fications, changes, and substitutions are
contemplated in the foregoing disclosure and, imesanstances, some features of the present
invention may be employed without a correspondswgaf the other features. Many such variations
and modifications may be considered obvious andlat#s by those skilled in the art based upon a
review of the foregoing description of preferredoaatiments. Accordingly, it is appropriate that the

appended claims be construed broadly and in a ma&onsistent with the scope of the invention.
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12. The wellhead assembly (11) of Claim 11, further comprising partial wickers in the sealing surface
on the outer diameter surface of the inner tubular member (41), wherein each partial wicker extends
along a portion of the outer diameter surface and follows an axially undulating path 13. The wellhead
assembly (11) of Claim 10, wherein the axial position of each wicker (21) varies sinusoidally. 14. The
wellhead assembly (11) of Claim 10, wherein each wicker (21) of the plurality of wickers (21) is
substantially parallel to adjacent wickers (21). 15. A method of forming a wellhead assembly (11)
comprisir\r}ﬁé i%)ﬁfr_ovidirﬁ% an outer tubular wellhead member (13) having a bore (17), an axis (19),
and an inMBAHERENGCAHR outer tubular wellhead member (13) having wickers (21) that circumscribe

the bore (17) and vary axjally in ngsition around the circumference of the bore (17); (b) inserting an
inner tubular WQNH’é%‘g% )a%seerﬂ%’@ ﬁ@]goorﬂpé'rsfﬂgular wellhead member (13); (c) inserting an

annular Sea%“%&ﬁ& ?u”g%!}l}%ﬁ é%%b REAWERD %) Qi & B RV RL SR R T Ed s BAfh SRS

tubular wellhead mem
(15) extending an axial distance along an innamdiar surface of the bore (17);

wickers (21) in the sealing surface (15) circuntsiag the bore (17) along an axially undulating

path;
an inner tubular member (41) in the outer tubulaelitvead member (13); and

a seal element (47) between the inner tubular watthmember (41) and the outer tubular

wellhead member (13) and urged against the wigZdrsto form a sealing interface.

2. The wellhead assembly (11) of Claim 1, whereiratkial position of each wicker (21) varies

sinusoidally.

3.  The wellhead assembly (11) of Claim 2, wherein aegicker of the plurality of wickers is

substantially parallel to adjacent wickers.

4. The wellhead assembly (11) of Claim 1, whereinwiekers (21) are equidistantly spaced

from each adjacent wicker (21).

5.  The wellhead assembly (11) of Claim 1, further casipg wickers (55) in a sealing surface
on an outer diameter surface of the inner tubukamniver (41), the wickers (55) circumscribing the

inner tubular member (41) along an axially undaigfpath.

6. The wellhead assembly (11) of Claim 1, further cosipg partial wickers (32) in the sealing
surface (15), wherein each partial wicker (32) sadtealong a portion of the circumference of the

bore (17) and follows an axially undulating path.

7.  The wellhead assembly (11) of Claim 6, whereinighwickers (32) are proximate axial

ends of the sealing surface (15).

8. The wellhead assembly (11) of Claim 6, wherein eatlthe partial wickers (32) are

substantially similar.

9. The wellhead assembly (11) of Claim 6, wherein @aljh partial wickers (32) are

equidistantly spaced from each other.
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(d) urging the seal (47) against the wickers (21) so that the wickers (21) deform the seal (47) and
create a barrier in the annulus (52). 16. The method of Claim 15, wherein step (a) further comprises
providing each wicker (21) with a sinusoidally varying axial position. 17. The method of Claim 15,
wherein step (a) further comprises providing wickers (55) on an outer circumference of the inner
tubular wellhead member (41). 18. The method of Claim 15, wherein step (a) further comprises
providing partial wickers on the outer tubular wellhead member (13), wherein the partial wickers

extend along a portion of the circumference of the bore (17).
109A \Bellkea assemb?y (11) comprising: (17

an outer tubular wellhead member (13) with a bdv@ flaving an axis (19) and a sealing surface

(15) extending an axial distance along an innemdiar surface of the bore (17);

wickers (21) in the sealing surface (15) circunsag the bore (17) along an axially undulating

path;

partial wickers (32) in the sealing surface (19)evein each partial wicker (32) extends along a

portion of the circumference of the bore (17) avltbfvs an axially undulating path;
an inner tubular member (41) in the outer tubulelitvead member (13); and

a seal element (47) between the inner tubular watthmember (41) and the outer tubular

wellhead member (13) and urged against the wigZdrsto form a sealing interface.

11. The wellhead assembly (11) of Claim 10, furttenprising wickers (55) in a sealing surface on
an outer diameter surface of the inner tubular negr@dti), the wickers (55) circumscribing the inner

tubular member (41) along an axially undulatinghpat

12. The wellhead assembly (11) of Claim 11, furtbemprising partial wickers in the sealing
surface on the outer diameter surface of the ituberar member (41), wherein each partial wicker

extends along a portion of the outer diameter saréad follows an axially undulating path

13.  The wellhead assembly (11) of Claim 10, whetle&axial position of each wicker (21)

varies sinusoidally.

14.  The wellhead assembly (11) of Claim 10, whesairth wicker (21) of the plurality of wickers
(21) is substantially parallel to adjacent wickgs).

15. A method of forming a wellhead assembly (11hposing:

(a) providing an outer tubular wellhead member (13)ilga bore (17), an axis (19), and an
inner surface of the outer tubular wellhead men(b&) having wickers (21) that circumscribe the

bore (17) and vary axially in position around tivewnference of the bore (17);
(b) inserting an inner tubular wellhead (41) membéeheouter tubular wellhead member (13);

(c) inserting an annular seal (47) in an annulus (BR¥ben the outer tubular wellhead member

(13) and the inner tubular wellhead member (419; an
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(d) urging the seal (47) against the wickers (21) abtthe wickers (21) deform the seal (47) and

create a barrier in the annulus (52).

16. The method of Claim 15, wherein step (a) furtioenprises providing each wicker (21) with
a sinusoidally varying axial position.
17. The method of Claim 15, wherein step (a) furttemprises providing wickers (55) on an

outer circumference of the inner tubular wellheaghher (41).

18. The method of Claim 15, wherein step (a) furthenpases providing partial wickers on the
outer tubular wellhead member (13), wherein théglavickers extend along a portion of the

circumference of the bore (17).
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