EXPANDABLE SOLID LOAD RING FOR CASING HANGER 1. Field of the Invention: [0001] This
invention relates in general to wellhead equipment for oil and gas wells, and in particular to a solid load
ring used with a casing hanger. 2. Description of Related Art: [0002] A typical subsea wellhead
assembly includes a wellhead housing that supports one or more casing hangers. One type of
wellhead housing has a conical load shoulder machined within its bore. The casing hanger lands on
and is supported by the load shoulder. In this type, the diameter of the housing bore below the load

shoulder is less than t i t the housi bove the loa Ider Imension equal to a
radial width of the Ioad%%@@ﬁ%%%ﬁgsbﬁéﬁtﬁgéﬁé%%%%&m fmmgﬁglhe wellhead housing
has a groove with substantially the same diameter above and below the groove. The load shoulder is a

split ringfhat IS "g'i]atglllef\(iihséuf)s%%ently in the groove. The casing hanger is supported by the load

shoulder. This proce8ure alloS aof}irger diameter bore to be employed during drilling operations. The

load shoulder may be installed on a special running tool or it may be run with the casing hanger.

[0004] Aﬁg@ﬁﬂﬁﬂﬁ%ﬁﬁﬁ%gg HP@%%r‘éf“t‘&fWe‘iﬁ?e%S%an%%fﬂ%W&' dapysing,via

loading S an activation ring, shear pins that prevent prentature movement of

the activ H%UWT&%%@IIB?@J%%%%WW é?ﬂgﬁ[;eT.his mechanism is typically designed to be

activated by the weight of the string' when a reaction point, such as a shoulder, formed on the interior
of the wellhead housing is reached during lowering of the hanger. At this point, the shear pins on the

activatiop ring bregjel@ @jgun ibikeise desative to the

[0002] A typical subsea wellhead assembly includes a watlhhousing that supports one or
more casing hangers. One type of wellhead housasg conical load shoulder machined within
its bore. The casing hanger lands on and is suggday the load shoulder. In this type, the
diameter of the housing bore below the load shaoukléess than the diameter of the housing
above the load shoulder by a dimension equal &al@alrwidth of the load shoulder.

[0003] In another type, referred to as "full bore", thellhsad housing has a groove with
substantially the same diameter above and belovgitheve. The load shoulder is a split ring
that is installed subsequently in the groove. G&sing hanger is supported by the load shoulder.
This procedure allows a larger diameter bore tetployed during drilling operations. The
load shoulder may be installed on a special runtangor it may be run with the casing hanger.
[0004] Active casing hangers may be used to transferdbimg load to the wellhead housing via
a loading mechanism that includes an activatiorg,rishear pins that prevent premature
movement of the activation ring, and a load ringtba casing hanger. This mechanism is
typically designed to be activated by the weightha# string when a reaction point, such as a
shoulder, formed on the interior of the wellheadiding is reached during lowering of the

hanger. At this point, the shear pins on the atitm ring break to allow it to slide relative toet



downward movement of the hanger, thereby allowing the load ring on the hanger to align with the
housing to transfer casing load to the housing. This also increases the bearing area of the casing
hanger. However, if the hanger snags or the pins load up unevenly and break prematurely, the
activation ring may be activated prematurely. This is costly and time consuming as the hanger and
casing would have to be pulled out and re-tripped. [0005] A technique is thus desirable that correctly
and reliably activates the loading mechanism on a casing hanger to prevent premature activation.
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hanger load ring occurs between a differential angle of the hanger and the housing load ring. Thus,
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load ring. [0008] The load ring has an inner profile that slidingly engages the downward facing load

shoulderpf g@g@@%@@q@p%@@%@mmé ri&filaithat slidingly engages the upward facing
[0006] Summary of the Invention:
[0007] In an example embodiment a wellhead housing ha®ra bontaining at least one
generally upward facing load shoulder that inclireative to an axis of the bore. A housing or
landing sub load ring with a corresponding downwia@ng shoulder is supported by the load
shoulder on the wellhead housing. The housing toafhas a generally upward facing shoulder
that inclines relative to the bore axis. A cadiamger landed in the housing has a at least one
conical downward facing load shoulder that inclinelstive to the axis of the bore. A hanger
load ring is carried by the hanger for supporting hanger on the upward facing load shoulder.
The hanger load ring in this example is solid, wiftle critical part of the load ring being its
ability to elastically expand when energized by weight of casing supported by the hanger.
This elastic expansion of the hanger load ring xbetween a differential angle of the hanger
and the housing load ring. Thus, elastic expansiceurs if there exists a differential angle
between the mating surfaces of the hanger load ring
[0008] The load ring has an inner profile that slidinglygages the downward facing load

shoulder of the hanger at an angle and an outditeptibat slidingly engages the upward facing

load shoulder of the housing load ring at a se@gle. The hanger load ring may be carried by



load shoulder of the housing load ring at a second angle. The hanger load ring may be carried by the
hanger for movement between a retracted position, wherein the outer profile is spaced radially
overlapping a portion of the upward facing shoulder of the housing load ring, and an expanded position
wherein the outer profile expands radially outward until it is stopped by a retainer ring located within a
pocket formed in the housing. The retainer ring prevents the hanger load ring from radially expanding
past the elastic zone for a given material. The hanger can thus be rated to a higher load carrying

bility due to extra beari tact mad ilabl the casi ightis i d, [0009] Wh
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between the casing hanger load ring"and housing load ring. The hanger load ring will begin to

elastically grprRRAWHSRENESIRRMEY BRI CAF R Y B LGhHARRK B eXiHe d dhAh NEIRBIH ensldidaseimble

complete contact with the landing surface. Brief Description of the Drawings: [0011] Figure 1 is a side
sectionabgi%%@iﬁgs,lyggglp@ﬁggmcaé&jsganger load ring shown within a wellhead housing in an unset
position, and constructed In accordance with this invention.

[0009] When set, the load rings and shoulders providdlafpathe casing load to be transferred
to the wellhead housing. This invention gives sanie benefit of a traditional expanding load
shoulder without the major drawback of having a Ima@ism that can trigger unexpectedly.
Because the load shoulder is a solid ring, withimerruptions or weakened points, it should
remain as reliable as a solid casing hanger. Hewéecause the hanger load ring is allowed to
expand with increased casing hanger loads, it careee higher capacities than a simple load
shoulder.

[0010] During operation, the downward casing weight Wrisager then the normal force N and
frictional resistance Fn and the an@ld.e. the angle between the load ring and casimgérais
greater than anglé, i.e. angle between the casing hanger load ringhaoding load ring. The
hanger load ring will begin to elastically expanthem energized by the casing weight and

provided that the mating surface is in completegacnwith the landing surface.



[0012] Figure 2 is a side sectional view of the casing hanger and hanger load ring shown in Figure 1
within the wellhead housing in a set position. [0013] Figure 3 is an enlarged side sectional view of the
mating and landing surfaces of the hanger load ring , in accordance with the invention. Detailed
Description of the Invention: [0014] The apparatus and method of the present disclosure will now be
described more fully hereinafter with reference to the accompanying drawings in which embodiments
are shown. This subject of the present disclosure may, however, be embodied in many different forms
and shorﬁe(ri rtoébe Constru?d as limited to the illustrated embodiments set forth herein; rather, these
embodinTéft ?é%l{’)t\'/‘?(ﬁ‘e(a élaetipdﬁm'ig%sclosure will be thorough and complete, and will fully convey
the scope of the invention to those skilled in the art. Like numbers refer to like elements throughout.

For the ience in referring to the accompanying figures, directional terms are ysed for.reference
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construction, operation, exact materials, or

emboc"m&g@g&%‘g&a@@s%ﬁsﬁﬁgege&ﬁaﬁaq}fww%@”&%M&@é‘z&ﬂl"ﬂﬂ ?‘ﬁ’&ﬁﬁé%&i&%“iﬂed in

the art. awings and specification, there have been dis ustrative e ents of the

subject qi?&ﬁﬁ’é%‘%vﬂﬁﬁw ﬂm@gﬁe%%eﬁg[%;ﬁm ggeepﬁg,glﬁ)yed, they are used in a generic and
descriptive sense only and not for the purpose of limitation. Accordingly, the subject disclosure is

thereforq dg1a¢ HyiirRd 9Ny BY KiRaeeReKidhe-RRBRANOR MalMiwing and landing surfaces of the

hanger load ring , in accordance with the invention
Detailed Description of the Invention:

[0014] The apparatus and method of the present disclogilirmow be described more fully
hereinafter with reference to the accompanying drgsvin which embodiments are shown.
This subject of the present disclosure may, howdwerembodied in many different forms and
should not be construed as limited to the illusglaémbodiments set forth herein; rather, these
embodiments are provided so that this disclosuliebsithorough and complete, and will fully
convey the scope of the invention to those skilfethe art. Like numbers refer to like elements
throughout. For the convenience in referring t® dlccompanying figures, directional terms are
used for reference and illustration only. For eglanthe directional terms such as "upper"”,

"lower", "above", "below", and the like are beingged to illustrate a relational location.

[0015] It is to be understood that the subject of the gmeslisclosure is not limited to the exact
details of construction, operation, exact materials embodiments shown and described, as
modifications and equivalents will be apparent te killed in the art. In the drawings and
specification, there have been disclosed illusteaembodiments of the subject disclosure and,

although specific terms are employed, they are usedgeneric and descriptive sense only and
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[0016] Referring to Figure 1, a casing hanger 10 is shown in the unset position within a landing sub or
wellhead housing 12 having an axial bore 14. Bore 14 has an upward facing tapered shoulder 16
formed within. In this embodiment, the shoulder 16 inclines downward relative to an axis of the bore
14. Shown resting on the shoulder 16 is an annular housing load ring 18 whose lower surface defines
a downward facing shoulder 19 with a slope corresponding to the load shoulder 16. The upper surface
of the housing load ring 18 has a generally upward facing shoulder 20 that inclines relative to the bore
axis Ax. An r cylindrical extension 22 |s formed on an exterior surface. of the housing, load ring 18
that inte RhdCltRe RERESR A RURIREss AL ARG SRR T iR SPETBIRtE Pt T e
by the hou§i .eASIéerneag}/ﬁ% housri]?l%!é)a‘dirir%g 18 may be eliminated wherein casing load may be
transferr&d Yirdc ly to HBusmg HRRGEF T8 97"'S5me cases, the goal is to increase the load carrying
capabilit r i trengih.material cafop d.where the load rings, fro e hanger
and houl?rtlagtjL %L%?g'gg} ﬁ?t%é%hg%taé r? Ig%%lt? @éé@r?g IS s%pgéﬁr%‘{\g‘?ourﬂ %éteﬁ!)osﬂg?rd g\fg{ﬁ]énc%sl,&é? '?F]%
entire hoysing,cam e ediced by instaling 2 dioh.stiengid Bard ring atthe sescifiedaceiien wperednhe
hanger Ia%}?g; .rlcﬁrgad r%‘ngqsﬁln{egrated <1flntogﬁousag, the cost of the housin?; \Aﬁl?vincrease@ncg t{1e

housing Bas fAGAYE BRwaNGiFHE I RISREREMHRACMIBEIGES T MRIFES: dOGrAMII AL RIS hring

26 in this embodiment is located within a recess 28 formed within the bore 14 of the housing 12. The

retainer BB MRYHREEHRP IS INGABAMAISHHG M eROSRIE ORI E R 1B afbASHFNBEE Reg!Hen on

the housing 12. A lower end 30 of the retainer ring 26 contacts a portion of the shoulder 20 on the

housing {pREsENGWSr éuwiaé@ro@ﬁﬁegeaﬁ*é’owﬁh@rr@waﬁ@rmﬁua@iwﬂ%%?gé%ﬂﬂl&gaﬁw@ fPmpared

to an inner surface 34 of the housing load ring 18. The housing load ring 18 and retainer ring 26 may
be assenlgdoitdepusngrhe pppeiosinssababphef hnusitprikg T8 sasingehargrr JSwaay Being
lowered within housing 18 after housing load ring 18 and retainer ring 26 are installed. The stopping
function ehditdestaioehengn2tngdl headiseusseatkirmtirghatisetal inppsuhstiqueciisertonsidnO2Z] is
Continuing to refer to Figure 1, the casing hanger 10 in this embodiment has at least one downward
facing lo&atraledutoie nACetttatiorcBngacelafivta dohies adsldagol &henho irsiegdisrevitd . aA dvarespolodid ging
42, which may be of solid annular construction, is carried on the outer circumference of the hanger 10
for suppoetiegthshdngued Oan the hooslay iehalimarg A/8.stopiwgr e2bbodimeht b nyandoadihg. ring
42 is free of any splits or slots and extends a full 360 degrees. However, the loading ring 42 may also
be fabricatdnativelydecatsiegsioader )gitl6r wlay inetrlinmeitwhergior chaingtoadmaihhectinnséersedhe
flexibility of the loading ring 42. The hanger load ring 42 is a steel member and may expand within its
elastic lifiecEl féRcBaysipplisaadeTA6 - haliycovadGasge Thak kntapnareaReitte iRt eershtdder
43, that will be described in more detail below, thatslidingly engages the downward facing load
shoulderc2@ ity plaiisePanoghatharfyeh 1sEanHE MmeiEeg ikeluges yvhsitibariratiiagsatheredhe
shoulder 44 that slidingly engages a portion of the upward facing load shoulder 20 of the housing load
ring 18. R3BARY RYANIEINGXEEAS RAAEBLRANS UBRMATE BAY e HORIRIRECER SDfuBPYSIg 1
hanger load ring 10 and is in contact with the outer circumference of he hanger 10. An exterior surface

48 of the*RBLSE HaHHRY P PRITRILS PARAHG SN IFIRASPIAR RIRIKDAARE BADAIHEHSREME0ad

ing 18. Initially, I 52 exists between the exteri face 48 of the h load. ri
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inches a\r/]v(ﬂloi'lgrg inche;F‘,l fgr an %lgggigiamege{ooklo\%d trki]n S4 t“ahils etti\/ve 0 iﬁﬁhesntqh13 (i:%%pnes.
The innef sulfsce 32 616 refaingr |n8 5@ provmaes a stopping Action thafaprevé%f)s theenangergload

ring 42 fwgﬂpggwa?ﬂ@%j?@%@g&ng@%%vm' Sz\%’*?ﬁ%f%eegﬁqﬁﬁ{ %Olézé%tmmﬂwf JEc'é%%‘e ZolRS]

The hanger foad ring odiment’is carried e han I movemen ween a
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ring 26 located within thé pocket 28 formed in the housing 12. [0019] During setting operations, the

hanger '%% PRABAtRERIRSIO SRRy @t Warg bty fiabtiNy (8 theCRRgsehRRY el dty

the casing hanger 10 increases, as shown in Figure 3. When the casing weight W is great enough to
overcome thepaEalify o N aeddsicsionaliasjsiunsarminaiee hangemadsingde wilbexrantiasially
outward, causing the tapered shoulder 44 of the hanger load ring 42 to slide relative to the load
shoulder 20 on the housing load ring 18. In this example, the angle 01 i.e. the angle between the
tapered shoulder 43 of the hanger load ring 42 and a horizontal axis, is greater than angle 02 i.e. angle
between the tapered shoulder 44 of the hanger'ﬁ)'ad ring 42 and a horizontal axis. A differential angle,
i.e. the difference between 01 and 02, may range from about between 10 degrees to 35 degrees.
However, other angle pairs may be used to obtain a differential angle. The higher the differential angle
the greater is the radial expansion of the hanger load ring 42. The differential angle can be preferably
between 25 degrees to 30 degrees. Friction may also be a factor in the expansion of the load ring 42,

with lower friction resulting in greater expansion and vice versa. Further, within the 10 to 35 degree
diffearential annle radial evnan<ion coitild beain from ahoiit O 001 inchece t0o O 0RO inchee |INn Aan



elasticity of the material. As an example, the high strength steel alloy with desirable expansion can
have a Young's modulus of 30x106. Other materials with different properties can also be used to
fabricate load rings and thus allowable radial expansion can vary. For example, titanium allows for a
wider range of radial expansion than discussed above. The radial expansion of the load ring 42 thus
depends on the differential angle, elastic strain, casing weight and frictional resistance offered from the
surfaces of contact. The hanger load ring 42 begins to elastically expand when energized by the
casing weight W, provided that the tapered surface 44 is.in c lete contact with the upward. shqulder
20 of the GBI Moo 1y 8 SO HEN LB AL (BETAE Ao BRI HIDIBE S MBI
path for the casing | g.to be transferred tg the wellh adﬂ using 12. This invention provides,sqgme of
the bend B USSP 05 JH8 ST MR B R AR R
that can iogstenexpasierly Resensedng lgas sheyldarsda, 4.ats park afiiealld banger load ring
42, with no Interruptions or weakened points; it should remain as reliable as a solid casing hanger.

Howeverzéhqigwggﬁiéasggemg fgrtgéoﬁ%gﬁ{ﬁimaaqg%@q&&ﬂggg with increased casing hanger loads.

The hanger e rated t er load carrying capability due to the increase in bearing

contact 3i¢a RSRARIRRSHENTRs S AL TRA= AR e A B FeShBARIBLITicRased: (2]

As previously explaine e inner surface 32 of the retainer ring 26 acts to stop the hanger load ring

42 from g R dfoald SHo BRICIBER A Mﬂ@@i%@%@%ﬁf@%{%ﬁﬁ@%é@sﬂf@%@&@aﬂ ring

42 before inelastic or permanent deformation occurs. The width or thickness 50 of the retainer ring 26

may be tyaggEio Imichiige amawntaf flastisedransipn sesitaddattivhangealord rbw 4% Wihen the

weight W of the casing is removed from the hanger 10, the hanger load ring 42 is deenergized and

returns teifsureteacire ROSHIORan Ger aastog L0pPditie ol thairna vith the hangriglBanantpes.be this
retrieved if desired. [0022] The invention has significant advantages. Premature activation of the

activatiorrribgdiney emie changentieadivi@fringdishisuteessup sptiteasied|duedadeliddods dniadIF3sther,
the hanger load ring is weight energized, eliminating the need for an additional, external activation
mechanideyrébss desweverayhie tthaetitg g Hedna aaistdidfateditg ihelugeratttealoongreptie olosidt
carrying capability. Additionally, the invention allows the hanger load ring to drift through tag shoulders
rather tham thettimgecanrgbtiten distiokiteg, airtietindoriecegicm fl§0RABY Whilectheaidingntiog KHas bBen
shown in only two of its forms, it should be apparent to those skilled in the art that it is not so limited
but is subeagebload vingodd ishastrs Wienohedepdmay fpdtitie iseehstt livaiisasnigsee is applied
to it. The hanger load ring 42 has an upward tadiapered shoulder 43, that will be described
in more detail below, thatslidingly engages the daward facing load shoulder 40 of the hanger
10. The hanger load ring 42 also includes a dowadvacing, tapered shoulder 44 that slidingly
engages a portion of the upward facing load sheow@eof the housing load ring 18. A lower
cylindrical extension 46 extends downward from dosvnward shoulder 44 of the hanger load
ring 10 and is in contact with the outer circumfere of he hanger 10. An exterior surface 48 of
the housing load ring 42 protrudes radially outwpagt the inner surface 34 of the housing load
ring 18. Initially, a gap or clearance 52 existéwreen the exterior surface 48 of the hanger load
ring 42 and the inner surface 32 of the retaineg 26. Clearance 52 can be, for example,

between 0.050 inches and 0.100 inches for an dligeneter of load ring 42 that is between 9

inches to 13 inches. The inner surface 32 ofr¢t@iner ring 26 provides a stopping function



Claims: 1. A subsea wellhead assembly, characterized by:  a housing (12) having a bore (14), a
longitudinal axis, and containing at least one housing upward facing conical load shoulder (16); a
hanger (10) that is lowered into the housing (12), the hanger (10) having at least one hanger
downward facing conical load shoulder (40); aload ring (42) having a load ring downward facing
conical shoulder (44), wherein the load ring (42) is carried by the hanger (10) for movement between a
retracted position, wherein the hanger (10) downward facing load conical shoulder (44) is spaced

radially overlapping and in contact with. a portion of the hqusing upward facing load conical shqulder
(16) and ot UM o BRI e SRS o AR oGP GUAE B R o)
has a greater surface area in er}gagement with the housing upward facing conical load shoulder (16)

than whircéelna%%hr%vtvl%é?ed%%tlm that expands within elastic limits of the load ring (42), wherein the

load ring[&ﬁé]isrﬁg%iadna%erellorggr}mgrz‘z in this embodiment is edrthy the hanger 10 for movement

between a retracted position, wherein the outeiaser48 is spaced radially overlapping the
upward facing shoulder 20 of the housing load rang] an expanded position, shown in Figure
2, wherein the exterior surface 48 expands radialljward until it is stopped by the inner
surface 32 of the retainer ring 26 located witlhi@ pocket 28 formed in the housing 12.

[0019] During setting operations, the hanger load ringbdgins to expand radially outward as
the weight "W" of the casing supported by the cg$ianger 10 increases, as shown in Figure 3.
When the casing weight W is great enough to oveecone normal force N and frictional
resistance Fn, the hanger load ring 42 will expaalially outward, causing the tapered shoulder
44 of the hanger load ring 42 to slide relativéh® load shoulder 20 on the housing load ring 18.
In this example, the angly i.e. the angle between the tapered shoulder 4Beohanger load
ring 42 and a horizontal axis, is greater than efgi.e. angle between the tapered shoulder 44
of the hanger load ring 42 and a horizontal axidifferential angle, i.e. the difference between
0, and6,, may range from about between 10 degrees to 3®eleg However, other angle pairs
may be used to obtain a differential angle. Thghéi the differential angle the greater is the
radial expansion of the hanger load ring 42. Tifferéntial angle can be preferably between 25
degrees to 30 degrees. Friction may also be arfattthe expansion of the load ring 42, with
lower friction resulting in greater expansion ancewersa. Further, within the 10 to 35 degree
differential angle, radial expansion could begionirabout 0.001 inches to 0.080 inches. In an
example, where hanger load ring 42 is fabricatedhfa high strength alloy steel with a yield

strength of 250 ksi, a 0.075 inch radial expansionld be utilized as a benchmark to maintain



2. The assembly according to claim 1, further characterized by a retaining member (26) located within
the bore (14) of the housing (12) above the housing upward facing load shoulder (16) and having an
inward facing surface (32) that is contacted by an housing outer diameter surface (48) of the load ring
(42) when the hanger (10) is expanded. 3. The assembly according to claim 1, wherein an annular
clearance exists between the retaining member (26) and the load ring (42) while the load ring (42) is in
the retracted position. 4. The assembly according to claim 2, wherein the inward facing surface (32)

fing (42 ST SO A bR JSAER PR LSO LU A o FATIE BT e
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thatis grgf?&Wst?&naF%JgFtrgﬂgéeof radial expansion th&stukssed above. The radial expansion of the
load ring 42 thus depends on the differential anglastic strain, casing weight and frictional
resistance offered from the surfaces of contadbe flanger load ring 42 begins to elastically
expand when energized by the casing weight W, gdealithat the tapered surface 44 is in
complete contact with the upward shoulder 20 othibkesing load ring 18.
[0020] When set, the load rings 42, 18 and shoulders @@yrdvide a path for the casing load to
be transferred to the wellhead housing 12. Thntion provides some of the benefit of a
traditional expanding load shoulder without the anajrawback of having a mechanism that can
trigger unexpectedly. Because the load should&rd4 are part of the solid hanger load ring 42,
with no interruptions or weakened points, it shordchain as reliable as a solid casing hanger.
However, the hanger load ring 42 also advantaggamigbands with increased casing hanger
loads. The hanger 10 can thus be rated to a highdrcarrying capability due to the increase in
bearing contact area between load shoulders 43ndde available as the casing weight is
increased.
[0021] As previously explained, the inner surface 32 & thtainer ring 26 acts to stop the
hanger load ring 42 from expanding past its elgstoperties by contacting the exterior surface
48 of hanger load ring 42 before inelastic or perema deformation occurs. The width or

thickness 50 of the retainer ring 26 may be tureednatch the amount of elastic expansion

desired for the hanger load ring 42. When the tely of the casing is removed from the



7. The assembly according to claim 1, further characterized by: a housing load ring (18) mounted
in a recess in the housing upward facing conical load shoulder (16), the housing load ring (18) defining
the load shoulder (16). 8. The assembly according to claim 1, wherein the load ring (42) is moved
from the retracted to the expanded position in response to a downward force applied to the hanger
(10). 9. The assembly according to claim 1, wherein: the load ring (42) has a load ring upward
facing conical shoulder (43) that slides on the hanger downward facing conical load shoulder (40) and

load enoTHER24) wilfs FOGEG arh e a4 SR B BAHIE Dol BB cieR iy e
casing load ring 42 along with the hanger 10 may the retrieved if desired.
[0022] The invention has significant advantages. Preraadgtivation of the activation ring is
prevented and integrity of load shoulders is insegladue to solid load ring. Further, the hanger
load ring is weight energized, eliminating the nded an additional, external activation
mechanism. This design may further be appliedniy set of casing hangers to allow greater
load carrying capability. Additionally, the invéon allows the hanger load ring to drift through
tag shoulders rather than getting caught and atict that incorrect point.
[0023] While the invention has been shown in only two tefforms, it should be apparent to
those skilled in the art that it is not so limitbdt is susceptible to various changes without

departing from the scope of the invention.



providing the hanger (10) with a load shoulder (40) and mounting a load ring (42) to the hanger (10) in
engagement with the load shoulder (40);  lowering the hanger (10) into the housing (12), and
landing the load ring (42) on a housing load shoulder (16); securing a string of casing to the hanger
(10); applying a casing weight of the string of casing to the hanger (10), causing the load ring (42)
to expand radially outward on the housing load shoulder (16); and limiting the expansion of the load
ring (42) such that the expansion is elastic. 11. The method of claim 10, further characterized by
increasing a contact area between the load ring (42) and the housing load shoulder (16) as the casing
weight increases. 12. The method of claim 10, wherein, the load ring (42) slides on the housing load
shoulderél’la@')n\g:hile moving to the expanded position.

1. A subsea wellhead assembly, characterized by:

a housing (12) having a bore (14), a longitudaras, and containing at least one housing

upward facing conical load shoulder (16);

a hanger (10) that is lowered into the housing,(tt#2 hanger (10) having at least one
hanger downward facing conical load shoulder (40);

a load ring (42) having a load ring downward fgooonical shoulder (44), wherein the
load ring (42) is carried by the hanger (10) foverment between a retracted position, wherein
the hanger (10) downward facing load conical shenu{d4) is spaced radially overlapping and in
contact with a portion of the housing upward fadwad conical shoulder (16), and a radially
expanded position wherein the hanger downward ¢gloiad conical shoulder (40) has a greater
surface area in engagement with the housing upfaandg conical load shoulder (16) than while
in the retracted position that expands within é&dsnits of the load ring (42),

wherein the load ring (42) is a solid steel member
2. The assembly according to claim 1, further charadd by a retaining member (26)
located within the bore (14) of the housing (12)\abthe housing upward facing load shoulder
(16) and having an inward facing surface (32) thabntacted by an housing outer diameter

surface (48) of the load ring (42) when the har{6} is expanded.

3. The assembly according to claim 1, wherein an arakéarance exists between the

retaining member (26) and the load ring (42) wthke load ring (42) is in the retracted position.
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13. The method of claim 10, further characterized by lifting the hanger (10) to retrieve the casing,
which removes the casing weight on the load ring (42) and allows the load ring (42) to return to the
retracted position. 14. The method of claim 10, wherein the load ring (42) slidingly engages the
hanger load shoulder (40) and slidingly engages the housing load shoulder (16) while moving to the
expanded position. 15. The method of claim 10, wherein mounting the load ring (42) to the hanger
(10) comprises mounting a solid annular steel member (26) to the housing (12).

4, The assembly according to claim 2, wherein the mvfacing surface (32) of the
retaining member (26) has an inner diameter saldotprevent inelastic expansion of the load

ring (42) while moving to the expanded position.

5. The assembly according to claim 1, wherein the imgud.2) upward facing conical load
shoulder (16) has a larger radial width than thegka downward facing conical load shoulder

(40).

6. The assembly according to claim 1, wherein the Ba(if)) downward facing conical

shoulder (40) is inclined at a first angle relativeghe axis;

the load ring downward facing conical shoulder) (#4nclined at a second angle relative

to the axis that is greater than the first angle.
7. The assembly according to claim 1, further charatd by:

a housing load ring (18) mounted in a recesseartbusing upward facing conical load

shoulder (16), the housing load ring (18) defining load shoulder (16).

8. The assembly according to claim 1, wherein the loagl (42) is moved from the

retracted to the expanded position in responsedtamaaward force applied to the hanger (10).
9. The assembly according to claim 1, wherein:

the load ring (42) has a load ring upward facingical shoulder (43) that slides on the
hanger downward facing conical load shoulder (4@) the loading downward facing conical
load shoulder (44) slides on the housing upwarthéaconical load shoulder (20) while moving

from the retracted to the expanded position.
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10. A method for installing a hanger (10) in a subse#ihead housing assembly,

characterized by:

providing the hanger (10) with a load shoulder) @@d mounting a load ring (42) to the
hanger (10) in engagement with the load shouldgy, (4

lowering the hanger (10) into the housing (12} Eanding the load ring (42) on a
housing load shoulder (16);

securing a string of casing to the hanger (10);

applying a casing weight of the string of casimghte hanger (10), causing the load ring
(42) to expand radially outward on the housing Ishadulder (16); and

limiting the expansion of the load ring (42) subht the expansion is elastic.
11. The method of claim 10, further characterized lyeasing a contact area between the

load ring (42) and the housing load shoulder (E&ha casing weight increases.

12. The method of claim 10, wherein, the load ring (gl&)es on the housing load shoulder

(16) while moving to the expanded position.

13. The method of claim 10, further characterized kinky the hanger (10) to retrieve the
casing, which removes the casing weight on the foayp(42) and allows the load ring (42) to

return to the retracted position.

14.  The method of claim 10, wherein the load ring (d®jingly engages the hanger load
shoulder (40) and slidingly engages the housing &ulder (16) while moving to the

expanded position.

15.  The method of claim 10, wherein mounting the ldad (42) to the hanger (10)

comprises mounting a solid annular steel membeért@the housing (12).
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