HIGH-CAPACITY SINGLE-TRIP LOCKDOWN BUSHING AND A METHOD TO OPERATE THE
SAME BACKGROUND OF THE INVENTION Field of the Invention: [0001]This invention relates in
general to well tubulars and hangers and, in particular, to a lockdown bushing for increased tubular
lockdown capacity and a method to operate the same. Brief Description of Related Art

HIGH-CAPACITY SINGLE-TRIP LOCKDOWN BUSHING AND A MEHOD TO
OPERATE THE SAME

BACKGROUND OF THE INVENTION

Field of the Invention:

[0001] Thisinvention relates in general to well tubukangl hangers and, in particular,
to a lockdown bushing for increased tubular lockd@apacity and a method to operate

the same.

Brief Description of Related Art

[0002] Typically, a lockdown bushing may be run downhaldand and set above a
casing hanger to provide additional casing lockdoayability. The lockdown bushing
may be needed due to thermal expansion of the gasimg. Lockdown bushings
improve long-term seat reliability below the lockdobushing by sharing the cyclic axial
loads applied to the casing hanger. To propeny @nd set a lockdown bushing, the
lockdown bushing is typically run proximate to legkg grooves formed in the subsea
wellhead axially above the casing hanger. Gengtak operation requires running of a
lead impression tool prior to running and settifighe lockdown bushing. The lead
impression tool determines the elevation of thé&-imeg grooves for proper landing of
the lockdown bushing. However, this step is ofigpassed due to the costs associated
with performing an additional tool trip with theilting rig. Typically, the lockdown

bushing is run, landed, and set without checkirgdlcking ring groove elevation.

[0003] If there is a problem with the lockdown bushing kbckdown bushing may then
be removed and the elevation of the locking ringoges checked with the lead
impression tool. This adds additional downholestiand can significantly increase the
costs associated with completion of a well. Whkeelead impression tool is used, the
well casing will have a reduced capacity for hamgllupward axial loads until the
lockdown bushing is installed. This can make tle#f more vulnerable to blowouts for a
longer period of time. Still further, many lockdowushings do not have a sufficient
capacity to resist upward axial forces appliechtodasing hangers in some deeper well

installations. Therefore, there is a need fonglsttrip lockdown bushing that may be



[0002] Typically, a lockdown bushing may be run downhole to land and set above a casing hanger to
provide additional casing lockdown capability. The lockdown bushing may be needed due to thermal
expansion of the casing string. Lockdown bushings improve long-term seat reliability below the
lockdown bushing by sharing the cyclic axial loads applied to the casing hanger. To properly land and

set a lockdowh ighing ol RetPFIERYERIBHIBIGHE taRieAREARP IOXMEpABitp ehaing G Ryrmwigrmed in

the subsea wellhead axially above the casing hanger. Generally, the operation requires funning of a
lead impresdbH®8/prior to funning and setting of the lockdown bushing. The lead impression tool
determines the elevation of the lock-ring grooves for proper landing of the lockdown bushing.
However, this step is often bypasse%'*ﬁﬁgﬁﬁﬁe%gtggsp%\é% h performing an additional tool trip

with the drilling rig. Typically, the lockdown bushing is run, landed, and set without checking the
locking ring é‘?%B@bE?@x?&ti@ﬂ@ (B8RS rokleas & g rasnatRbRalE LR MMFRIEHS ARG BN &down

bushing mayHirihkgyeamexestaBhicaeigaider) B heleacdediiiehesarvas gheskad iwiidnisnlead

impression tool. This adds additional downhole trips and can significantly increase the costs
associated VIRIALFIRIRRIGnSHIZISVEIP DigleaBReiBale HHiRuIBRING ¥IGA EIh b IR OPBERIBdNRIIl have

a reduced capagity for handling upward axial loads until the lockdown bushing is installed. This can
make the well more vulnerable to blowouts for a longer period of time. Still further, many lockdown
bushings do not have a sufficient capacity to resist upward axial forces applied to the casing hangers

in some deef0RkIMNASEAEREIE With AIGE RALIREN LN LR Ry Seere. & Y RINGRA AP BENg that

may be runiyighesbadgadRpipssihipakiahplgaritdsde oraniat laadingraeibrdhashiafad@own in
the art. SUMMARY OF THE INVENTION [0004] These and other problems are generally solved or

circumvente8 ¥R AR/ AN TBGER Grai@RBRIG atHBlEl DeIEHelR SeaTRRIAMBIREIRT the
present invegfian iRRkBEMISLA 'ﬁﬁiﬂ@@%ﬁé@ﬁ“ﬂb’dﬁ%ﬂﬁéﬁﬁ 4B BRA@inet ipgperate

the same. [0005] In accordance with an embodiment of the present invention, a wellhead assembly, is

disclosed. T@Wﬁ@ﬁd@é@@iﬂﬁi}ﬁm@eg BQ/\J@FHKQQWHahiiﬁ{jiﬁﬁtﬂj@teérﬁhiﬁﬁf@%ﬁgr&ﬁ}@@wmfile, one
or more casigg ARG IRNABAHEAAC PREARKAVRS ILARYG HBLCI RS BREHEARPYS ARG having

a tubular body, a loCking ring, and an energizing ring that rétrievably lands in the bore~ The lockdown

bushing is agagied-entrarbase hektidwiae Hosyityayingei@nesadanted leclnshantubangeinanites a
tubular body i ' ral ho : ' a to land
on a hangerezg?'rﬁg{‘I @ﬁﬁgﬁég’?ﬁéﬁ%ﬁ%ﬁg é?]' gr]iﬁ éﬁt@%ﬁa&n@%&%ﬁé@maﬁjﬁgg body. The
lockdown busickdpatsdimsthintgsladdcrindasa pokitigning pioske opvibed fairg Soogishemder
circumscribi lar : ing ri S nnular locki i rf n inner
diameter of %%eq:)%%%%{%ﬁré%?ﬁﬁ teﬂ;lét‘e%%&lr% ﬁég])glrtfh r%qsgccrl ﬂ@ﬁeelgtu u%grrl; é]o%’ggagril(ﬁ‘l :é @ﬁpﬁ%@to
engage the Isakangerow anitimaer idizen eiencdttres lothkosgai dovwartibieazng ren g redrgimsg ringsitictudes a

lower portion ipter selgﬁ?et reen,the tybular body and th Iockg ring in an unset position. The lower
portion nas JHPSUE PHA AT AU BLFHA L S 5 R R L LG M B0 hrtace <o
that when theelitergizinphingneies axiadyiruyeaad otheripdengroster batwsenfaoe wibinear
energizing ri ngages the annular locking ring cam surface to move the locking ring jnto
engagementiiih T it PEAREIEIAR HeRRLRN I S RSN AR AR AG BLRAAIATE Bhcity.
cam surface adapted to engage the annular lockiggcam surface so that when the
energizing ring moves axially downward, the outémnueter cam surface of the
energizing ring engages the annular locking ring sarface to move the locking ring
into engagement with the inner diameter of the lesaltl to a set position increasing

lockdown capacity.

[0006] In accordance with another embodiment of the pteseention, a lockdown
bushing adapted to increase lockdown capacity a@mgle trip is disclosed. The
lockdown bushing includes a tubular body havingxés and a central bore. The tubular
body has a lower end adapted to land on a hangearanpward facing shoulder on an

outer diameter portion of the tubular body. A limgkring is positioned on the upward



[0006] In accordance with another embodiment of the present invention, a lockdown bushing adapted
to increase lockdown capacity on a single trip is disclosed. The lockdown bushing includes a tubular
body having an axis and a central bore. The tubular body has a lower end adapted to land on a hanger
and an upward facing shoulder on an outer diameter portion of the tubular body. A locking ring is

positioned ofaHigg BMEUIRERCGENE ThRUFRCABES s MIIBE B dupduBLlangomy hAS WekiRadiag has an
annular locking ring cam surface on an inner diameter of the locking ring. An energizing ring

circumscribd KB LBIGFBBLTAIRF R AuaPENE SRS BEKING FiRg Witk BRI er
surface of a yelllAaekiTee HREIRY HBEYHHISHAPHER PREIARNELRA eanifihgtoular

body and the locking ring in an unset position. The lower portion has an outer diameter cam surface

adapted to etigaRienswintfalBokaltend chie anesaizisa meltdes A A RHRHISRGRIPASEIes axially
downward, tReQiden AR AT FBBRHHRGE 8- IR RRGIHE IR S8EBAC T A ANBH BRI Ng

cam surface to move the locking ring into engagemeéent with the inner diameter of the wellhead to a set

position incréasmieiodiarale eaacyfaoec]antaddoranasaatiaidoekiothene evdEHERDSthe

present inveptign : Wm’ th. I is di method
provides a Io{ti:{l%gv@ﬁ@ﬁs%ﬁbgﬁ%%gﬁgﬁg\égﬁ%%fsr%gged on gﬁ%ﬁ%@%ﬁr@%ﬁﬁﬁf of the
lockdown buiei sy ergizirgaiveg giagagaadhscannedard eekngisanpsuiac famedve kadeleckiog iing so that
a cam portion of izing rna,nte e en:the locki [ . hing
overlaps the@g%kgr@ﬁﬁgﬁqﬁg %quéaﬁég r?l'ﬁﬁg“ ?hdjﬁ%%%ﬁ Eﬁes még] %Orag(?g%P g%ﬁh%ﬁﬁgﬁgdge%q d setin
a bore of thdaeélflogad capaahethod actuates the funning tool to move the energizing ring axially
downward to engage an energizing ring cam surface on the cam portion of the energizing ring with a

downwar ing rin he c _ wit
iy oL L R A e g B T 0 et

axial moventemnt afthsainzgickepwnghtisiopyisettingltheaddetiiied ouBhng 0088 provithaatage of
an embodim ' t i C Shi iner ity In
adaiton, the GRagM TR B ek A he e R AL RS e
some embodaticitsyiHaushieghaadeahtemargiang rsnydsssiieatgkoenpobichioit e redidevby over
50% due to biliﬁ( to betWQ’ land andtset t??hlockdown.bu%%iél ina i’)n le tri .trlln ?tillkanother
advantage, SRR A RO SR St e masS o ies e Tockihe i ey
standard funamptbedaekdeval toadhitigeosky apdubiedadiitingrafigd natsthalibruosstise Todkdaoaynbe
accomplished by reducing the number of specialty togls needed for installatjon. In addition, the
Ciaatoand 1o IOAE RS R BEr A AT e e e L s SRR e
location of lapkdamnigpREIOMuiakete isride)ireithead . dyiadhanaine tadvigaipgantbadhgeipsed

embodiments provide a lockdown bushiré%that_accommodates tubing and casing haﬁr?gers that sit or

land high dub"tg GBBSWIRGR MR (D&IFRGH PERRTEP RSB - BRKW IECRIB09] So
that the mangarieevbicaihprienturancicanthaas aaaphALs MEthe dnvrvian s el as migers

which will become apparent, are attained, and can be understood in more detail, more particular

description dBH8!IhARRIGRDIERFL0RFRIIE ARG IRRET SeerRarl Bhs ¥reHasad ih iSSRARSEdtents
thereof whichnare dsiakaCAR Ao RRRINERE Shavinasdiu o Mg B, biimEPeRicaNgB kS to be

noted, however, that the drawings illustrate only a preferred embodiment of the invention and are
therefore noPHSBE@onsidered limiting of its scope as the invention may admit to other equally effective

embodiments.
[0008] An advantage of an embodiment is that it providésckdown bushing that

increases total lockdown capacity. In additiorg thsclosed embodiments provide a
lockdown bushing that reduces installation tirresdme embodiments, the time needed
to run, land, and set the lockdown bushing is redusy over 50% due to ability to be
run, land, and set the lockdown bushing in a sitgpe In still another advantage, the
disclosed embodiments provide a lockdown bushirsg thay be run and set with
standard running and retrieval tools, thereby redpudrilling and installation costs. This
may be accomplished by reducing the number of afigtools needed for installation.

In addition, the disclosed lockdown bushing mayrioe without first running a lead



[0010]Figure 1 is sectional view of a wellhead having casing hangers and a lockdown bushing

disposed therein in accordance with an embodiment of the present invention. [0011]Figure 2 is a
partial sectional view of the lockdown bushing landed in the casing hanger in an unset position in
accordance with an embodiment of the present invention. [0012]Figure 3 is a sectional view of a

portion of thenlpekesiwA Rushieg deiBRHiIRESHROSHRM dh FSLIBERAEEIBTaN GMbRAERENhofHEe present

invention. [0013] Figures 4A-4D are embodiments of a locking ring carried by the lockdown bushing of
Figure 3 in at e Ni¥FhRRANBRIRANANEIIRe (PR SistiMRRbIGEMents provide a lockdown

bushing that accommodates tubing and casing hatigarsit or land high due to debris

within the wellhead.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] So that the manner in which the features, advastage objects of the invention,

as well as others which will become apparent, #sne@d, and can be understood in
more detail, more particular description of theantion briefly summarized above may
be had by reference to the embodiments thereofhndme illustrated in the appended
drawings that form a part of this specificatiort. isl to be noted, however, that the
drawings illustrate only a preferred embodimerthefinvention and are therefore not to
be considered limiting of its scope as the invenitiay admit to other equally effective

embodiments.

[0010] Figure 1 is sectional view of a wellhead havingr@abangers and a lockdown

bushing disposed therein in accordance with an diment of the present invention.

[0011] Figure 2 is a partial sectional view of the lockaolushing landed in the
casing hanger in an unset position in accordante an embodiment of the present

invention.

[0012] Figure 3 is a sectional view of a portion of thekidown bushing in the unset

position in accordance with an embodiment of thesent invention.

[0013] Figures 4A-4D are embodiments of a locking ringiedrby the lockdown

bushing of Figure 3 in accordance with an embodtroéthe present invention.

[0014] Figure 5 is a partial sectional view of the lockdaotaushing landed in the
casing hanger in a set position in accordance waithembodiment of the present

invention.

[0015] Figure 6 is a sectional view of a portion of thekdown bushing in the set

position in accordance with an embodiment of thesent invention.

[0016] Figure 7 is a sectional view of the portion of ibhekdown bushing of Figure 5

having detents formed thereon.



[0014]Figure 5 is a partial sectional view of the lockdown bushing landed in the casing hanger in a set
position in accordance with an embodiment of the present invention. [0015]Figure 6 is a sectional view
of a portion of the lockdown bushing in the set position in accordance with an embodiment of the

present invention. [0016]Figure 7 is a sectional view of the portion of the lockdown bushing of Figure 5

having detents formgg tZQ[€15. DESCRIPTION OF THE PREFERRED EMBODIMENT
[0017] The present invention will now be described mollg hereinafter with reference
to the accompanying drawings which illustrate enimaets of the invention. This
invention may, however, be embodied in many difierorms and should not be
construed as limited to the illustrated embodimesds forth herein. Rather, these
embodiments are provided so that this disclosultdoerthorough and complete, and will
fully convey the scope of the invention to thosélestt in the art. Like numbers refer to

like elements throughout.

[0018] In the following discussion, numerous specific detare set forth to provide a
thorough understanding of the present inventiooweéler, it will be obvious to those
skilled in the art that the present invention maykacticed without such specific details.
Additionally, for the most part, details conceming operation, subsea assembly
connections, riser use, and the like have been@initasmuch as such details are not
considered necessary to obtain a complete unddistporf the present invention, and are

considered to be within the skills of persons ekiilin the relevant art.

[0019] As shown in Figure 1, a wellhead 11 includes a Ipiggssure housing 13 and a
low pressure housing 15. High pressure housingriBlow pressure housing 15 are
concentric with an axis 9 passing through a cebtveg or passage 7 of wellhead 11. In
an embodiment, wellhead 11 is disposed in a wedli)oot shown) located on a subsea
floor (not shown). A portion of the low pressurbking 15 extends into the wellbore.
High pressure housing 13 is disposed in low pressuusing 15 and set to form
wellhead 11. In the illustrated embodiment, a fo@sing hanger 17 is landed and set
within high pressure housing 13, with a first patko seal assembly 19 between first
casing hanger 17 and high pressure housing 13h&sn, a second casing hanger 21 is
landed and set with a second packoff or seal adgetfib Second chasing hanger 21
lands in first casing hanger 17. A person skilledhe art will understand that low
pressure housing 15, high pressure housing 13,dasing hanger 17 and first seal
assembly 19, and second casing hanger 21 and sseahdssembly 23 may be run,

landed, and set in any suitable manner as is kniowhe art.

[0020] In the illustrated embodiment, a lockdown bushifgray be run and landed on

second casing hanger 21. A person skilled in thiewdl recognize that other



DETAIl FD DESCRIPTION OF THE PREFERRED EMBODIMENT [0017] 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

embodimentgrafp giRddrd FaJbal seiodnel erid g b Bedhasaraiiasid ¢ namRiel Andowibisiiy convey

the scope of the invention to those skilled in the art. Like numbers refer to like elements throughout.

[0018] In theldABIhERARELEIES R MAWEFRRINRC TRVIRGAB RIS R1ARS SriSES RARINBIGN
understanding ahifierPre ERIBENHPaN YR AVl DRiaRMEUn SLtase stiled ip shepstiat the

present invention may be practiced without such specific details Additionally, for the most part, details
concerning AEtghefAeBhadawss £ ad et saniRiicHstqidmaiRN G Al YReSKBAHOR B8dhisitted

inasmuch a%ﬁB%'Ehﬂﬁ%ﬂﬂ?&{ﬁ\%EﬁPf&E@fGNJ@é‘ﬁﬁ%ﬁﬁﬁ%&%ﬁ%@ SoniGia s AR ghthe

present invention, and are considered to be within the skills of perSons skilled in the Televant art.
[0019] As shesvinstattiRflies 10 efdinpeeasNOinangRIsld MEhERYeasIRg hangieig2ls hawer lpartRassure

pessing o R B e e e e r

passing through a c bore or passage 7 of w
disposed in pavtiibate liastashinie Rl qafdeodOasiapied thdo¢ddisastanda g urtiomoficed |bar

pressure hoygsj extends | i ssyr [ is di 10l ressure
housing 15 SITQAEs forn el a4 ¢ con iR RTE Sha e essiie ARSEE Rl Bk
landed t?nd s%ﬂmith'g;‘lfﬁgtﬁﬁ’v@@@ﬁ bﬁnhsingilﬁhlwitbrﬁ ’i}’lesltcpa(élmif.pg seh’siaﬁﬁ@mbtyﬂg)belwdzeré firséI
casing hanger 17 and hi ressure housi . As shown econd casing.hanger 21 is landed an
ot wih & segdnd BRch e U das i b aoa Al R el AN &y anger
17. A persoruskitleHan dhe sirhifdl tontheystadid dlosddvinptiesdeiig: nosimatentgh pressiehaasing 13,

first casing hanger 17 and fjrst I Tf #9, and sec}ﬁ%%l casj é%i r 21 and second seal
assombly DRG HEHFE MY Se e b AL e oo T o P SR 305585 1 the
illustrated erahofiistentineg Rekdoody bushipgtahtmay eatish MXISBBHBDOD\SERPIthhasisgehanger 21. A
person skilled in the art will recognize that other ) i

filed August 13, 2010 ; and U.S. Patent Applicatido. 13/053,911, by Gette, filed

March 22, 2011, all of which are incorporated hek®y reference. A person skilled in

the art will understand that the disclosed runtaads are exemplary and not intended to

limit the scope of the disclosed embodiments her€ither running tools not explicitly

disclosed herein may be used to run, land, anlddedown bushing 25. Internal profile

30 will include one or more groove, notches, slotspther indentations as needed

formed in an inner surface of upper portion 29tsat the selected running tool may

releaseably secure to lockdown bushing for runamgjsetting of lockdown bushing 25.

In an embodiment, internal profile 30 matches &erival profile of second casing hanger

21.

[0021] Referring now to Figure 2, tubular body 27 has aialeportion 35 having an

outer diameter that is substantially equivalenamoinner diameter of high pressure
housing 13. Medial portion 35 of tubular body 27eads between lower portion 31 and
upper portion 29. On the outer circumference ckétown bushing 25, the medial
portion 35 forms a downward facing shoulder 37 pr@ate to where medial portion 35
joins lower portion 31. Lockdown bushing 25 alsoludes an upward facing shoulder
39 opposite downward facing shoulder 37 and protenb@ where medial portion 35

joins upper portion 29. An upper portion of secgedl assembly 23 is adapted to fit



embodiments include lockdown bushing 25 landed on first casing hanger 17. Lockdown bushing 25
includes a tubular body 27 having an upper portion 29 and a lower portion 31 as shown in Figure 2. In
an embodiment, tubular body 27 includes a stack up or overall height from a lower end of lower portion
31 to an upper end of upper portion 29 that is substantially equivalent to second casing hanger 21,

creating a magiHliar RACKAREIagsBvEeopairied 8 @R oLiest grFitg Nanaerpbftiif secand casing

hanger 21. Lower portion 31 is adapted to land on an upward facing rim 33 of second casing hanger

21. Upper pSlaRWarHa@ainthalifdldsofé 95 Refitd PR3PV stSAMANEIFh ARt @ol. For
example, a RtAiRg BrigthEoel{ RBRBRE BritR-100:Bsarmechs sishBr Uriine Sepning dao
(PADRT) both available from Vetco Gray, Inc., a subsidiary of GE Oil and Gas, Inc. may be used to
run |ockdqwﬁ$ﬁﬁnw 23, froa8uAIBR]euithing Iib@gaf%watwétddﬁw@varﬁﬁwacn@mévé%_@apsed in
the followingi,bReieNearfi Ao St s eueEREH ol orkoR Jfatealpapiagtion No.
12/490,874, by Eppinghaus, et al., filed June 24, 2009; U.S. Patent Application No. 12/856,462, by
Eppinghaus peréen feetendigstagad noedidogrsor Atent Ksphentiainiediars/oseosite, leyvesette, filed
March 22, 2 : ' re| ' r : illed in th will
understand gﬁiﬂtﬁi %E%ﬁg;ﬁ@ﬂﬁ%%ﬁ?ﬁrg %Eggr?wp r@fgﬁd%?%%%{jgg@ wﬁ?t mé §c"§§<ra of the
disclosed endbdietened hadial mararfuhhingsisbiswint bgsiestiiyatisohssehiosr die rsbgiseaidbe to run,

land, and se ushi ile 1N [ . S, slots,
or other inde%ﬁwgﬁégfé%%%@m%g r|Iré1\§a£h8 Eﬁﬁ‘ r%%:%be&gﬂugpapwﬁéﬁgprw %%Fg %xéﬁtatﬁaét@é?ected
funning tool maytheleasdaimynsecis;edoviovkaiaviatinghim tbd éu riggniyeared a ettifey eoftlp cuaped bushing
25. In an embodiment, internal profile 30 matches an internal profile, of secaond casing hanger 21.
10021] Reterni o et Bt S G T A S G SRR I SR i e
that is substamtialyterqilipvaletatr tofanadize pdidive @5 of bigtoparstiee dvaolsieal A8sétabiplaBrtion 35 of
tubular body 27 extends between lower portion 31 and upper portion 29. On the outer circumference of

o A A B

shoulder 39 ppriinsit85ancwatddéacing o pdnd 2arahdroigismaietbousarg i drah poigiz8igjoins

upper portion 29. An upper partion of second seal assembly 23 is adapted to fit within an annular
aroove bouniia 53 GISE bl SO Lo AP ER LA e B LI 4% meia
portion 35. Aatehovsedlostnearddaking shgudearRy uppyiamien Hopartivalgirafilaxialdtaamgodate the
upper end of.sec%pd se Iass.%inbl 23. Forg@m{rple in tpée iIIustratedfembo iment, downward facing
shoulder 37 HitieS%R'SGst4 \Q%W&‘?ﬁn BB SRR SHI TR ' drRER BATIR  dittdirical
portion extergliogvieward xmedislraaitin ifaarthe diarize diacpasion ppasitefowpepparaors2and a
conical portion extending from the %: lindrical portion to.the outer diameter of medial portion 27. As

shown, thes@TArER%ERYNE ARRER IG7S Lhapd 6ripia (BIReTEBR- HBIELERE $6arbEBmBI$3. A
person skillegoRidtecirail Undensiang hatrespibenamnhteaimantrodowswashfrcing shoider 37 may

have a differently shaped profile. In the illustrated embodiments, the outer diameter of lower portion 31

is less than (Y GGRPHRRKHZN HSH - pofidRT 99 e adms Fafialy s aiskir aes KRR [0022]
An annular IggKASd Bt g PRY AP AP aca depites s thefBrarinlerien 3%zl

between upper portion 29 and high pressure housing 13. An energizing ring 43 circumscribes at least

a portion of PHERGHABDA 280haTHRr HoRs R FsHR HMBITRRG ISR LRAIGE Fasila vy thyAeed upper
portion 29. Aygorign ediaB AMRIHITMIIRG GRbdd £eSifeh iR SERBERIMIHI R GRGamguter

surface of upper portion 29. Groove 49 extends radially inward from an outer diameter surface of

upper portiod 2bama heighhavestaniniyleasiaianhe aitdttceee 4 9 satiatmishmingorma

remaining poyi Ak R - IR ithi '\gﬁtﬁ:l' r ' ' surface
of energiziné2lr er?gl ggﬁﬂrgntftﬁ grooécreIlg Séiéﬁgr%iétr?ggg%aéutwa dE f%%%%h@%%%@ Eﬂtr'gfgrj)grﬁ{ergizing
ring 43, and igsigesivathin gao kes4Xh dintite tgraioveckih evayshaigigintikvgerihgaartiae fieigpiortions of

axial limiting tiy; : resi ithip.groave 49 resi [thin, I the
illustrated erﬁ{ g%% ﬁ]eflr}]ﬂﬁéaﬂ(ﬁg %&fﬁ@%%%%ﬁ %rﬁ% g%%@%%ﬁ%@&#&%ﬁﬂ@gé%ﬁ%f groove
49 so that axdal dsnitergribgddin nasrindeddinbelew e dtsagiztig mingive @xiaby lsrovedyr@ativiecto axial
limiting ring %Jbruqsidgg iggnl rogve ?'(?OVLei:rggevrv ropve r751% 3 hsgv %thei t]tlfar%%r tp%n height of
axial limiting ring 4780 tha Energlziﬁg rng 43 may move axia \}/reqa 76 T8 FibUNAT b%o’y% as
described inwilbfaerdktta | dpposité\shenddgisrepbring 48lemitdyoreBas relative to tubular body 25, limiter
groove 51 will also move axially so that axial limiting ring 47 will land on opposite shoulders 65, 69 of
limiter groove 51. [0023] As shown in Figure 3, cam portion 45 of energizing ring 43 has an outer
diameter cam surface 53. Outer diameter cam surface 53 tapers radially outward while extending
upward from a lower end 55 of cam portion 53. An angle 57 of cam surface 53 may be selected from a
range of about 3 to 7 degrees and in the illustrated Bmbodiments is approximately 4 degrees. Locking
ring 41 includes an inner diameter surface 59 having a matching taper to the taper of outer diameter

cam surface 53. Cam surface 53 and inner diameter surface 59 may be considered mating surfaces or
matina tanared <iirffacece | ackina rina 41 alen hace an niiter diameter <i1irface A1 that ic crithetantiallyv



[0025] In some embodiments, illustrated in Figures 4A-4D, locking ring 41 includes axial saw cuts 40
adapted to reduce installation and retrieval loads without adversely affecting axial load carrying
capacity. In an embodiment, locking ring 41 has a single saw cut 40 (Figure 4B) circumferentially
spaced apart that extend through the side wall of the locking ring 41 and a portion of its length. Saw

cuts 40 also [@es)dirasHsaNoR ISekiRgTiRaM pBRBIRLIDBKESCrTIEiAg HENAEM SRbFamAREIOWN in

Figure 4A. In another embodiment, Iockin%(rging 41 has multiple saw cuts extending from a lower rim 42

or an upper ffausfaceady el diaReis oA stifaresHds apmialiy otwasdviile fxiprding
embodimentgFmWQ verkayesdritiie yeridhraaange | JintlsinrsEt 8BGHES be

embodiment, locking ring 41 has saw cuts 40 extending from both lower rim 42 and upper rim 44 so

that non-sav@_emcmtiﬁﬁmomb@m@ PingeLhasta defigstians m@grwﬁ@traéegq@wwwmn@ AD. In
these embo%abﬁesanﬁmgataeﬂg%ﬂ&n%%ﬁa%ﬁa e MRS HRHIE LRt dde BYeRARMGhese

embodiments, saw cuts 40 decrease hoop stresseés in locking ring 41 so that the force required to set
and retrieve Noalghingigrer 1o thetanse ofouetes dbvKiateFingiasaiBoanswikcad3mpdisneskilled in

the art will u d edisclase e%t?%ql' S ogiemplate; | rings 41 with
no saw cuts @l%%%gg@ﬁ@%%s%@d% ?fw %?gures ggafr%] éﬁ?r%%amg rir%%gg‘gt%@gr%@fa g)%%]ly
downward bieckimgitinotddl atsechassan stated aid metairsy idthalis g ubhtantaliy aidy alleUatedipiston
adapted to sgt sec e Iy 23 with flui Ssyr led throk rill string-or riser as
disclosed ab%%'g'91:?5@31%r?&%ﬁéﬁﬁ%@i’é‘%fﬁ@?ﬁ'ys orv?vdr?vtt\%e)l&d? 'cg:j%r%a%ﬁr @%ﬁ? ca%'%%'jr%on 45
will slide agaéhsbosen diarfaete 59 wfdoekbly may He. Fitoxicoaiditesessived fodfdacking pilugadifyasfd cam

portion 45 of energizing.ring 43 is greater than the width of ugward facing shoulder 39, thus as
Crerajming RS e R Ao s R L SH A TS B M BT AR ing ring
41 radially oskiviexd!irQhteadiait eteyogmitas ehad vickeis iiuiang gibfivél av alisciokedhniting endiagt with
wickers 63 of the high pressure housjng reby deforming outer diameter surfac with
depressions "&a%s%ﬁ%&t&pﬁf:%&ne 6%1:3%%] %é? opﬁc?ﬂé%& ﬁlﬁfa ERAREY {Wé %@pfgiéio%to
axially couplegprclawdingf it chli@ntdhpdrigiedressineheeking ISpgbriehyiaasing vekdawnlbushing
25. Locking ring 41 has a height 46 that permits engagement of up to twice the total wickers 63 when
[véil?k

compared toAPREHRHARRE (AN EISClRRL WICKG Fraf S EXFIRREMBRT Tyelipddediniting S52Bfbly 23.

In this manngr Igekinggéngséd cepatrRimaiaher canaeity eRURESBBMgIWRAARIJRIVEewargapacity for
lockdown bushing 25. [0027] Energizing ring 43 may move axially downward until axially limiting ring

47 lands on S¥SRARAEY RNy _HBdRRE Y BIRGIRAGIVE IS o pping further downward
[0024] In the landed but unset position illustrated inuFeg2 and Figure 3, lower end 55
of cam portion 45 is spaced-apart from upward fashroulder 39 of medial portion 35 of
tubular body 27. Axial limiter ring 47 may be iortact with upward facing shoulder 65
of limiter groove 51. Optionally, one or more eyglrical shear members 67 may extend
through radially oriented bores in energizing rid®yand into corresponding bores of
upper portion 29. Shear member 67 may have aHengficient to extend through
energizing ring 43 and seat within upper portiono2%ckdown bushing 25. Shear
members 67 may have a diameter or thickness selecpgovide appropriate resistance
to shear to prevent premature setting of lockdowshing 25 during running of
lockdown bushing 25. Shear members 67 may maietangizing ring 43 in the unset

position prior to exertion of a predetermined akigite on energizing ring 43.

[0025] In some embodiments, illustrated in Figures 4A44Bking ring 41 includes axial
saw cuts 40 adapted to reduce installation angvetioads without adversely affecting
axial load carrying capacity. In an embodimentklog ring 41 has a single saw cut 40

(Figure 4B) circumferentially spaced apart thateegt through the side wall of the



axial movement of energizing ring 41. In the illustrated embodiment, lower end 55 of cam portion 45 is
set back from upward facing shoulder 39 when downward axial movement of energizing ring 43 halts.
Cam portion 45 of energizing ring 43 has significant overlap with locking ring 41 in the unset position of
Figure 3. Cam portion 45 extends between locking ring 41 and upper portion 29 along approximately
two-thirds ofjfaeiRgiangal 1osking poidA bt Reamset Posiieno/sre spillasiindagmibiiing
understand that cam portion 45 may overlap the height of locking ring 41 as little as approximately

one-half or fiSeicERtBRHEHEhEIRY GHedbaytRenRBliHRSHRRIGHT BHIScA g HhgPAEthe
running or URRRLRABHER; IRIGRY AHBRIRGTAY I HeSR9CEURERAING FHMY ANAVEE MHYIGKEFS 63 with

less axial movement by energizing ring 43. This is possible due to angle 57 and the overlap between

locking ring 4PRETI EM&Rineckitg4Mth4he ASBOPGSIAAHBHEB RS nisreFIveRIndHHESE to
engage wickgrsBiEnESS AR R tiRUiET5aeAa Pt dRClo dRiAGI R4 9repiStin

engagement of wickers 63 by locking ring 61 by shorter downward axial movemént by energizing ring

43. In the se@pokiebrBOPROErE, loekiv@riap AdthrspayacuEEbAIng HAMIbOKMGWAG B AZay be

; . | g ) b
more o leser) o e BB e A S IBL e e °
interface beweﬁle@ﬂéhGmetﬁWBMGhmlemmgﬁm@m anﬁw&lderl?@:fafeﬂgrabﬁé&ure_
housng 13 WA R U RIINEAL folugra g ReesiRe e SURla A0 Gt bR RCring

tapers of cam portion ring 41 may friction lock enerdizing ring ocking ring 41 in
the set positgirestEqginrExckivmdity glese nhiagtaiftmedestinitcsete ol cekiegenmrkingy rdigfddniswickers
63 of high pressure housing 13. In some embodiments, shown in Figure 7 surfaces 53, 59
incluce detodi T Rt ok s Tt A St ALAes SRR B AR e
additional lockidgrirandrteeset iesittaosetbemideitedtrcidseamidoeiking ineode otk fiogsgh
pressure housing 13. Alternatiyely, detents 71, 73 may be formed on energizing ring 43 and upper
portion 29 ag\’gﬁ%ﬁn‘cﬁ\y\’ﬂ& 71', 73' of Figure 7. In embodiments having optional shear members
67, the funning tool exerts sufficient force to shear shear members 67 before downward axial
movement of826tgisnitj usitatedtakeSiglaes. $0808] 6, meramizekdlad@ntrey drevdlivenl erstalhd that
lockdown bu&hinﬁl\/er éng\z/ ber r%trqi%ved V\fith a standard r%téiev IInto I sH h as tho;e glisc\osqtj above.
During retrieVa he Funm gato%l rﬁa?/ E)Oeoruﬁ% haeslgcg%n 8t98 qn l\Jllsf'ﬁanl ¥ ue'rcea,1 he running
tool may be actuated teistogaartabpediite 3@tofeppent sedicas2@@biythutiurid qoigsSure heupphieicg tool

may be further actuated to pull axially upward gn energizing ring 43 to move energizing ring 43 from
tha et o F PG S A et BSE S P R DS T AL oy e
be pulled updevishwaiah gainstifadeublprashan pobudar bedyid&kgatgh hmesosaed Bofde 30. The

upward pull on tubular body 27 will cause locking ring 41 to disengage from wickers 63, permitting
retrieval of ICRREBIN Bty 2 FoRPNBIFRA AV TG Sk R RIS GGAT o 2 o Ae8!

understand thaéRAFZHTEL Y 53 graxtdiclHER aHatahelinesigavetagiskeigded 840 engagement
with a thread profile in the bore of the housing. [0030] Accordingly, the disclosed embodiments provide

numerous a@SHEEEBE. T 834 Ay aREYRDHEeW N d MBS 18\ERSIdERERR A D RShiMY that
reduces instgliglqB iRy ﬂiﬂ?&'}‘ﬁaﬁiﬁwgmﬁﬁff& tepiiEPaiarRpLaF iR WL HNskiand S84 e dagkdown

bushing is reduced by over due to ability to be run, land, and set the lockdown bushing in a single

trip. In still aﬁ&H@riﬁ%%ﬁgégtﬁ@m%@d@% Wiﬁ'ﬁﬁf@irﬁ%tﬂétbﬁﬁbﬂf@%lﬁ&b_@%%!ﬁﬁina 'ﬂ%?h&’ay be
run and set Witk BtaRAAd B UIRAABAIEIRREAS 1Rl MSSRAIGHYENE\ATHS: MCERIRELIPRELOSLS.
This may be accomplished by reducing the number of specialty tools needed for installation. In
addition, thelti§ b¥eekREkE3WAIREMINEMIBY BeriassIANSFIR sorRIRiHitEddedaaip@4diantool to

determine t ' : j S N SRR ny. g tage, the
disclosed em?t])o Ime tg%r%o?/glm%%%me%%%égﬁgg accomrﬁf‘c?:;jtzgé tlﬁﬁélrl%ﬁ gmggﬁ%[i%ngers
that sit or lafteighhdduidas prRimisatgaghem el bl tj0nsagobi Witkers63dhan tenmpesettinvention
may take m i ingl iati | regoing
without depa L Bt R e e R AR R 2% I enion
by referencetitsorraimeofdckpre feng d eaibatiimaiiisine icapragdhee thent armb didergsatikdwsad are
illustrative raﬂgle([j1 E : anf(%irrrllit(i:re(%| in p}ggﬂrsi}]%ndztgat a wide range of variations, modifications, changes,
and substitutiohs are con?emp(fgt\{e m egfore'going disclosure and, in some instances, some features

of the present invention may be employed without a corresponding use of the other features. Many
such variatid@92afdEnergizing ring 43 may move axially downward uatkially limiting ring 47

lands on a downward facing shoulder 69 of limitege 51, stopping further downward



modifications may be considered obvious and desirable by those skilled in the art based upon a review
of the foregoing description of preferred embodiments. Accordingly, it is appropriate that the appended
claims be construed broadly and in a manner consistent with the scope of the invention. What is
claimedis: 1. A wellhead assembly (11), comprising: a wellhead (13) having a bore (7) having a

grooved profigi4bmo e OntaPEnergitm G angesd (24h tradribia e besmidhbetaveianargg\sid profile

(63); and cam portion 45 is set back from upward facing stteul39 when downward axial
movement of energizing ring 43 halts. Cam porddnof energizing ring 43 has
significant overlap with locking ring 41 in the wigosition of Figure 3. Cam portion 45
extends between locking ring 41 and upper port®bal@ng approximately two-thirds of
the height of locking ring 41 in the unset positioA person skilled in the art will
understand that cam portion 45 may overlap thehhafjlocking ring 41 as little as
approximately one-half or fifty percent of the Haitp greater than two-thirds the height
of locking ring 41 in the running or unset positiorhis overlap permits full engagement
of locking ring 41 with wickers 63 with less axirabvement by energizing ring 43. This
is possible due to angle 57 and the overlap betweetimg ring 41 and energizing ring
43 in the unset position and permits more of logking 61 to engage wickers 63 with
less applied hydraulic force to the running toth addition, greater engagement of
wickers 63 by locking ring 61 by shorter downwaxthhmovement by energizing ring
43. In the set position of Figure 6, the overlapAdeen cam portion 45 and locking ring
43 may be approximately eighty percent or more.pekson skilled in the art will
understand that there may be more or less ovedapelen cam portion 45 and locking
ring 41. In an embodiment, the locking interfaeénween outer diameter surface 61 of
the locking ring 41 and wickers 63 of high presshogising 13 may resist over 2.5
million Ib ft of upward pressure. The shallow an§l7 of the matching tapers of cam
portion 45 and locking ring 41 may friction lockezgizing ring 43 and locking ring 41 in
the set position of Figures 5 and 6, preventingtemded release of locking member 41
from wickers 63 of high pressure housing 13. iIme@mbodiments, shown in Figure 7,
cam surfaces 53, 59 include detents 71, 73, rasphct When in the set position of
Figure 7, detents 71, 73 provide additional lockimgncrease resistance to unintended
release of locking member 41 from high pressuresimgul 3. Alternatively, detents 71,
73 may be formed on energizing ring 43 and uppei@o29 as shown by detents 71,
73’ of Figure 7. In embodiments having optionaéahmembers 67, the running tool
exerts sufficient force to shear shear memberse@ar®d downward axial movement of

energizing ring 41 takes place.

[0028] A person skilled in the art will understand thatddown bushing 25 may be

retrieved with a standard retrieval tool such as¢hdisclosed above. During retrieval

10



an annular lockdown bushing (25) coaxially inserted into the bore (7); a locking ring (41) set in an
annulus between the lockdown bushing (25) and the grooved profile (63) and selectively moveable
from a running position spaced radially inward from the grooved profile (63) to a set position in contact
with the grooved profile (63); an energizing ring (43) having an annular portion in contact with over

fifty percent gidharitiHgee g loskinotoned ddodasinertasurckdeninpashing é25) méeiifadocking

ring (41) is in the running position and in contact with about eighty percent of the surface of the locking

ring (41) fackeg e R HARAAMENGIHY trotis: 3o StiBRPEIOT LD RE I ReEY iy (1AS of Claim
1, further compisiRaGoPFREEPISA)enerAANGE YT 3m akiBpRelIBE é'ﬁ@ré‘ﬂﬂh %%ULBWHV

similar to a profile on an inner surface of the casing hanger (21) so that a nlng ool used for landing

the casing h&AGEFTNY dRA #23 tisBHLRS eeid e ritioBiehfieHEEmMA o 9. traansstnostias ¥ Mgy es1) of
Claim 1, furtb%&?ﬁ'pﬁﬁ@%Hm&%&m&éﬁ?ﬁé}%@%@ﬁed'lﬁ‘plia%éﬂwHH%DPP.%@P&&W%B@I?CUHG

radially outward into a lower portion of a groove (51) in an inner surface of the energizing ring (43)

when the Iod]dh@afr@oﬁib&??sthﬂh@hdhﬂmgmﬁcﬁf ciils B%Mgwmwmanb@mavwﬁl) when

the locking r% Aél @glﬁéhﬁ WP Péfﬁ“ r% ‘Lﬂig}]m ?gww the
energizing ring (43) cor%t tsn?ﬁ []?ogqng nr?”g@ to d efine a mating eredesurface ?IK 59) that is
offset about fowhiitgydsetdromelihagid dlthe wellhead assembly (11) 5. The wellhead assembly (11)
of Claim 1, wherein the energizing ring (43) is moved a distance of up to about one third a height of the

locking ring (hd>ép MPrdBR QG g LHTRIM Z&N0NERIENERER &R RPSIHEN43 may
include a ratcheting sleeve that is torqued ingagement with a thread profile in the

bore of the housing.

[0030] Accordingly, the disclosed embodiments provide nuug advantages. For
example, the disclosed embodiments provide a lmekdbushing that reduces
installation time. In some embodiments, the tineeded to run, land, and set the
lockdown bushing is reduced by over 50% due totglih be run, land, and set the
lockdown bushing in a single trip. In still anotlaglvantage, the disclosed embodiments
provide a lockdown bushing that may be run anevébtstandard running and retrieval
tools, thereby reducing drilling and installatiomsts. This may be accomplished by
reducing the number of specialty tools neededtstailation. In addition, the disclosed
lockdown bushing may be run without first runninigad impression tool to determine
the location of lockdown grooves or wickers in tilhead. In yet another advantage,
the disclosed embodiments provide a lockdown bugsthiat accommodates tubing and

casing hangers that sit or land high due to detitlsn the wellhead.

[0031] It is understood that the present invention maye takany forms and

embodiments. Accordingly, several variations mayrmade in the foregoing without

departing from the spirit or scope of the inventidfiaving thus described the present
invention by reference to certain of its preferesdbodiments, it is noted that the
embodiments disclosed are illustrative rather timaiting in nature and that a wide range
of variations, modifications, changes, and suligiitg are contemplated in the foregoing
disclosure and, in some instances, some featurdbeopresent invention may be

employed without a corresponding use of the otéatures. Many such variations and

11



6. The wellhead assembly (11) of Claim 1, wherein a locking ring cam surface (59) and an energizing
ring cam surface (53) have mating detents (71, 73) formed on lower ends of each cam surface (53,
59), the detents (71, 73) adapted to engage when the locking ring cam surface (59) and the energizing
ring cam surface (53) fully engage to secure the energizing ring (43) and the locking ring (41) in the set

position. 7. ffiriwedhend RseHRbo kLI EE i dughaciRiiapacssasinR R ind eaigespw cut

(4) extending from an upper rim of the locking ring (41) to a lower rim of the locking ring (41) to form a
split ring. 8.URKNBRNEM AlSEiBIg RN RSERiPN G SrEld 18 hading Hag AeePIHENshadi she or
more saw CUtd Q) paeRBRGHECHD BEIRRST eRenet B2 \WoRRtiBRA) RNshed Bvat i ddR3igtdhe locking
ring (41), the saw cuts (40) circumferentially spaced about the locking ring (41). 9. The wellhead
assembly (11yftbtagroPadraritenBeRring ring (41) includes a plurality of saw cuts (40) extending
from an upper rim (44) and a lower rim (42) of the locking ring (41), the saw cuts (40) circumferentially
spaced about the locking ring (41). 10. A lockdown bushing (25) adapted for use with a subsea
wellhead assembly (11) comprising: a tubular body (27) having an axis (9) and a central bore (7), the
tubular body (27) having a lower end (31) adapted to land on a hanger (21) and an upward facing
shoulder (39) on an outer diameter portion of the tubular body (27);

12



a locking ring (41) positioned on the upward facing shoulder (39) and circumscribing the tubular body
(27), the locking ring (41) having an inner diameter with an annular locking ring cam surface (59); and
an energizing ring (43) circumscribing the tubular body (27) and adapted to engage the locking ring
(41) with an inner diameter surface of a wellhead (13), the energizing ring (43) including a lower
portion (45) interposed between the tubular body (27) and the locking ring (41) in an unset position,
the lower portion (45) having an outer diameter cam surface (53) in sliding contact with the annular
locking ring XRRSH @l—f’(gg)'%long an interface offset up to about seven degrees from an axis (9) of

the wellhead assemb n the ener Zln ring (43) moves axially downward a distance
of up to abodt one- ﬁ%ﬁéﬁ@@ﬁ?%ﬁf G&il 9 the outer diameter cam surface (53) of the
energizing ring (43 annular Iock| r|n .cam surface (5 %) move the locking ring (41)
into engageme ﬁﬁﬁﬁ%@&rﬂé&%@ﬂ@& B?'Eﬁg&/ heag <’(‘1gf) é%rtlon increasing lockdown
capacity. 11. The lockdown bushing (25) of urtth rising a limiter, rin terposed
petween the en@SGRIG (o) W HrAT 2r bR I R L St B PSS T (47
adapted to emgége an upward facing shoulder (65) and a downward facing shoulder (69) of a groove
(51) formed in an upper portion of the energizing ring (43) to limit axial movement of the energizing
ring (43). 12. The mckdaviobkabuag K25hofd325N caaxidtigriisdiredritesfaoreg £am surfaces (53, 59)

are offset from the axis at about 4 degrees. 13. The lockdown bushing (25) of Claim 13, wherein the
energizing ring calockimtpoadS@)1arstkthe hm:leingulng batwsarfaimkdoNrfdroslaifige{B) laok tihaecure

the energ|Z| rn 43 loc rln |n the osmon 14. The lockdown bu (25) of
Clim 10, L PR D e S8 e YR P R L0 SBERRG THBRLRR) along
at least two- thmmfhmgmmgtbeuedlprqltmgseﬁ)l&) i she pivwitt posttenaitial theegl@pse@ peofilaety-five
percent of th{%&%_cking ring (41) in the set position.

an energizing ring (43) having an annular portrooantact with over fifty percent of
the surface of the locking ring (41) facing thekdown bushing (25) when the locking
ring (41) is in the running position and in contadh about eighty percent of the surface

of the locking ring (41) facing the lockdown bughi{25) in the set position.

2. The wellhead assembly (11) of Claim 1, further cdsipg a profile (30) on an
inner surface of the locking ring (41) that is dabs&ally similar to a profile on an inner
surface of the casing hanger (21) so that a rurtowigised for landing the casing hanger

(21) can be used to land the locking ring (41).

3. The wellhead assembly (11) of Claim 1, further casipg a limiter ring (47)
coupled to the lockdown bushing (25) and projectiadially outward into a lower
portion of a groove (51) in an inner surface ofeéhergizing ring (43) when the locking
ring (41) is in the running position and into arpapportion of the groove (51) when the

locking ring (41) is in the set position.

4, The wellhead assembly (11) of Claim 1, whereiretergizing ring (43) contacts
the locking ring (41) to define a mating taperedaste (53, 59) that is offset about four

degrees from an axis of the wellhead assembly (11).

5. The wellhead assembly (11) of Claim 1, wherein ¢hergizing ring (43) is
moved a distance of up to about one third a habtite locking ring (41) to move the

locking ring (41) from a running position to a pesition.

13



15. The lockdown bushing (25) of Claim 10, wherein a plurality of shear elements (67) hold the
energizing ring (43) in the running position relative to the tubular body (27) during a running operation.
16. The lockdown bushing (25) of Claim 10, wherein the locking ring (41) includes one or more saw
cuts (40) extending from at least one of an upper rim (44) and a lower rim (42) of the locking ring (41),

the saw cutsg(40) Cirpinifenpetialiisrassl aborstaadraking e ithind ind cartRegtir sys@nd set a

lockdown bushing (25) in a wellhead, the method comprising: = (a) providing a lockdown bushing (25)

having a lockRiRg ARG LIYiBeIEee RS IReE TR IR SHOGEISN S ds the) IVKERIVAD MR (25)
and an e”ergﬁﬂ&df”@a@?)cﬁﬁ?@&‘#d@%éPB@'),W@%(@H)S‘?@@?@B@@W BHGAHY WFRSthihat a
ng (43) extends be e

cam portion (45) of the energizing ri tween the lockdown bushing (25) and the

locking ring (28KIBEd1BOFRIPSSHHEARR KRTY ARGl (D€) eHg 2N By Harceth DI ftHlY Ieighgefthe
ocking ring Wtirc (P UAEIRRLING IARKAPYNANOBEAM ARG D NgRIAI landed and set n a

bore (7) of the wellhead (13); uating the running tool to move the energizing ring (43) axially

downward t%ﬂ@él%@%ﬂﬁ&laiaggmﬁa}gg%ﬁéﬁa(ﬁﬁi,%%%mmtm(@)QEM%e%rgizing

ring (43) with a locking ring cam surface (59) on an inner diameter of the locking ring (41), the

energizing rif@W43)t dde RN & RBIARgURRE (41T AbHe dpakEs0eighhi P artamebfitAeOhBIght of the
locking ring {44 fing (41) to form a split ring.
8. The wellhead assembly (11) of Claim 1, whereinltiok&ing ring (41) includes
one or more saw cuts (40) extending from at leastad an upper rim (44) and a lower
rim (42) of the locking ring (41), the saw cuts Y4frcumferentially spaced about the
locking ring (41).

9. The wellhead assembly (11) of Claim 1, whereindle&ing ring (41) includes a
plurality of saw cuts (40) extending from an upper (44) and a lower rim (42) of the

locking ring (41), the saw cuts (40) circumfereltyiapaced about the locking ring (41).

10.  Alockdown bushing (25) adapted for use with a sabhsellhead assembly (11)

comprising:

a tubular body (27) having an axis (9) and a cébtee (7), the tubular body (27)
having a lower end (31) adapted to land on a hai2d¢rand an upward facing shoulder
(39) on an outer diameter portion of the tubuladhyb(27);

a locking ring (41) positioned on the upward facghgulder (39) and circumscribing
the tubular body (27), the locking ring (41) haviag inner diameter with an annular

locking ring cam surface (59); and

an energizing ring (43) circumscribing the tubddady (27) and adapted to engage
the locking ring (41) with an inner diameter sudaxf a wellhead (13), the energizing
ring (43) including a lower portion (45) interpodaetween the tubular body (27) and the
locking ring (41) in an unset position, the lowerton (45) having an outer diameter
cam surface (53) in sliding contact with the annldaking ring cam surface (59) along
an interface offset up to about seven degrees #maxis (9) of the wellhead assembly
(11) so that when the energizing ring (43) movealgxdownward a distance of up to

about one-third the height of the locking ring (4hg outer diameter cam surface (53) of

14



(d) moving the locking ring (41) radially outward into engagement with an inner diameter of the
wellhead (13) in response to the downward axial movement of the energizing ring (43), thereby setting
the lockdown bushing (25). 18. The method of Claim 17, wherein step (c) further comprises shearing
one or more shear elements (67) holding the energizing ring (43) in an upward axial position relative to

the lockdowrraushérgit?d- rikg- (18§ eRghsk ahEl@imuldr [eEHiRY 6aMRiFfAGE (ERNH IR Paiihef
matching detents (71, 73) on the energizing ring cam surface (53) and the locking ring cam surface
(59) to secut@GKESREGIARY INHY ]ASRARN e M&iﬂ@ﬁﬂ@%ﬁ?‘iﬁ&ﬁfe@@t%@%\ﬁﬁa (éé% ithe Afdthod of

Claim 17, wheygkbptarttea sl RickemRrisesaegijioning the energizing ring (43) so that the energizing
ring (43) overlaps the locking ring (41) along at least two-thirds of the height of the locking ring (41).

11. The lockdown bushing (25) of Claim 10, further camsimg a limiter ring (47)

interposed between the energizing ring (43) angoger portion (29) of the tubular body
(27), the limiter ring (47) adapted to engage award facing shoulder (65) and a
downward facing shoulder (69) of a groove (51) fedmn an upper portion of the

energizing ring (43) to limit axial movement of teeergizing ring (43).

12.  The lockdown bushing (25) of Claim 10, wherein ithierfacing cam surfaces

(53, 59) are offset from the axis at about 4 degree

13.  Thelockdown bushing (25) of Claim 13, wherein¢hergizing ring cam surface
(53) and the locking ring cam surface (59) fornmietibn lock to secure the energizing

ring (43) and the locking ring (41) in the set piosi.

14.  The lockdown bushing (25) of Claim 10, wherein taen portion (45) of the
energizing ring (43) overlaps the locking ring (4ligng at least two-thirds a height of the
locking ring (41) in the unset position and oveslap to ninety-five percent of the

locking ring (41) in the set position.

15.  The lockdown bushing (25) of Claim 10, wherein arglity of shear elements
(67) hold the energizing ring (43) in the runnirggpion relative to the tubular body (27)

during a running operation.

16.  The lockdown bushing (25) of Claim 10, wherein libeking ring (41) includes
one or more saw cuts (40) extending from at leastad an upper rim (44) and a lower
rim (42) of the locking ring (41), the saw cuts Y4frcumferentially spaced about the
locking ring (41).

17. A method to run and set a lockdown bushing (253 wellhead, the method
comprising:

(a) providing a lockdown bushing (25) having a lockimmg (41) disposed on an
upward facing shoulder (39) of the lockdown busHi2is) and an energizing ring (43)
secured to an upper portion (29) of the lockdowshing (25) so that a cam portion
(45) of the energizing ring (43) extends betweenltckdown bushing (25) and the

15



locking ring (41) and overlaps the locking ring Y4long at least fifty percent of the
height of the locking ring (41);

(b) running the lockdown bushing (25) to a casing ha(@g) landed and set in a
bore (7) of the wellhead (13);

(c) actuating the running tool to move the energizing (43) axially downward
to engage an energizing ring cam surface (53) erwam portion (45) of the
energizing ring (43) with a locking ring cam sudgg&9) on an inner diameter of the
locking ring (41), the energizing ring (43) ovenbapg the locking ring (41) along at
least eighty percent of the height of the lockimg(41); and

(d) moving the locking ring (41) radially outward intdgagement with an inner
diameter of the wellhead (13) in response to thermteard axial movement of the
energizing ring (43), thereby setting the lockddyashing (25).
18. The method of Claim 17, wherein step (c) furthenpases shearing one or more
shear elements (67) holding the energizing ring i@an upward axial position relative

to the lockdown bushing (25).

19. The method of Claim 17, further comprising engagimgir of matching detents
(71, 73) on the energizing ring cam surface (58)the locking ring cam surface (59) to

secure the energizing ring (43) and the locking (4il) in the set position.

20. The method of Claim 17, wherein step (a) furthemposes positioning the
energizing ring (43) so that the energizing ring)(@verlaps the locking ring (41) along
at least two-thirds of the height of the lockinggi(41).
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