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TURIN~ :EI~N~ER 

"The present disclos~re claims beilefit of LJ.S. Provisioilal 
Pateilt Applicatioil ~ o. 6 1/090,462, filed ~~g. 20, 2008, aild 
LJ.S. Provisioilal Pateilt ~pplicatioil ~o. 61/090,000, filed 
~~g. 19, 2008, both ofwhich applicatioils are hereby iilcor­
porated by refereilce iil their eiltirety. 

B~C:::KGRO~D 

"The preseilt disclos~re relates geilerally to a ~biilg hailger 
for ~se with a s~bsea wellhead, ar1d iil partic~lar, a mecha­
Ilism forpositioiliilg aild lockiilg a ~biilg hailger iilto a s~bsea 
wellhead. 

T~biilg hailgers are employed iil s~bsea wellheads ~sed iil, 
for example, oil ar1d gas wells. The t~biilg har1ger s~pports the 
~biilg, or «striilg,,, which exteilds dowil iilto the prod~ctioil 
zoile of the well. The process ofiilstalliilg a ~biilg hailger iilto 
a wellhead geilerally iilvolves positioiliilg the ~biilg hailger 
Oil a laildiilg seat iil the wellhead ~siilg, for example, a mil­
Iliilg tool attached to the t~biilg har1ger. 

JV1:ovemeilt of the ~biilg hailger iilside the wellhead after 
iilstallatioil is a kilowil problem. T~biilg hailger movemeilt 
car1 be ca~sed by, for example, torsioilal force applied to the 
~biilg hailger d~e to thermal expar1sioil aild coiltractioil of the 
~biilg striilg. Excessive movemeilt cail char1ge the orieilta­
tioil of the ~biilg hailger with respect to the wellhead, makiilg 
it di£fic~lt to reiilstall the mnniilg tool d~riilg s~bseq~eilt 
operatioils or to s~bseq~eiltly iilstall the s~bsea tree Oil the 
wellhead. JV1:ovemeilt of the ~biilg har1ger car1 also ca~se 
prema~re fail~re of the sealiilg system betvveeil the ~biilg 
har1ger body aild the wellhead ho~siilg, ar1d the seals at the 
hydra~lic aild electric connectors betvveeil the ~biilg hailger 
aild the s~bsea Christmas tree. 

~ario~s mechailisms for sec~iilg ~biilg har1gers iil well­
heads have beeil devised iil order to red~ce movemeilt of the 
~biilg hailger iil the wellhead. For example, lockiilg mecha­
Ilisms are ofteil employed to lock the ~biilg har1ger iilto place 
iil the wellhead. IIl additioil, meails for preloadiilg the ~biilg 
har1ger iil order to red~ce ~Ildesirable axial aild rotatioilal 
movemeilt of the ~biilg har1ger have also beeil devised. 

However, providiilg the desired preloadiilg of the locked 
~biilg hailger car1 be di£fic~lt to achieve wheil the lar1diilg seat 
of the t~biilg hailger iilside the wellhead has ~Ilcertaiil axial 
positioil. The ~Ilcertaiilty of the axial positioil car1 be d~e, at 
least iil part, to tolerailce acc~m~latioils ca~sed by the stack­
iilg of mar1y compoileilts iil the wellhead aild debris that cail 
acc~m~late Oil the laildiilg seat d~iilg drilliilg operatioils. 

To acco~Ilt for this ~Ilcertaiilty iil axial seatiilg positioil, 
tubiilg h.ailger d.esigils have employed . .ad . .aptive mech.ailisms 
iil order to accommodate large dimeilsioilal variatioils aild 
still achieve preloadiilg. Oile typical form of this type of 
mecharnsm employs a lockiilg riilg with tapered inner s~r­
face , beiilg p~shed iilto the receptive profiles by applyiilg a 
meas~red force to wedge a lockiilg sleeve behiild the lockiilg 
riilg. Beca~se this type of lockiilg riilg relies Oil the frictioil 
betweeil the tapered s~rfaces of the lockiilg riilg aild the 
lockiilg sleeve to maiiltaiil the lockiilg riilg iil a preloaded 
lockiilg state, it is Ilecessary to employ additioilal lockiilg (or 
ailti-backoff) to preveilt the loss of preload from the move­
meilts of the lockiilg sleeve ~Ilder vibratioil ar1d other dis~r­
bailce over loilg term field service. JV1:oreover, the fiilal axial 
positioil ofthe lockiilg sleeve has large variatioil beca~se the 
small taper ailgle ~sed for maiiltaiiliilg the frictioilal self lock 
amplifies the mail~fact~riilg tolerailce iil diametric dimeil­
sioils of the relevar1t compoileilts. Th~s implemeiltatioil of 
ailti-backoff of the lockiilg sleeve is ofteil adaptive iil Ilat~e 
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aild sometimes depeildiilg Oil frictioil itself. Oile example of a 
desigil that employs a lockdowil mecha1:1ism with ail actuatiilg 
maildrel that iilcludes a1:1 ailti-backoffmechailism is disclosed 
iil 1J.S. Pat. ~o. 6,516,875. 

Oile desigil for a tubiilg hailger with a preloaded lockdowil 
mechacism is disclosed iil 1J.S. Pat. ~o. 5,145,006, issued to 
David R. Jnne. IIl the Juile pateilt desigil, the tubiilg hailger is 
locked iilto place and theil a torque riilg is rotated to preload 
the lockiilg mechailism. However, this desigil requires a tool, 
such as a mechailical torque tool, that ca1:1 be mil to the subsea 
wellhead to rotate the torque ring to its preloaded positioil. 
Further, the torque applied to provide the desired preload 
usiilg the Jnne pateilt desig1:1 cail be problematic. IIl deep 
water well completioils, for example, applyiilg torque at the 
top side over a loilg runniilg striilg cail be nndesirable. 

Other tubiilg hailger desigils achieve preloaded lockiilg 
with IlOil-adaptive compoileilts, such as a lockiilg riilg with a 
IlOil-tapered, cyliildrical inner surface. Oilce the lockiilg 
sleeve is forced iilto ail axial positioil behiild the lockiilg riilg, 
the preload is eiltirely determiiled by the deflectioils of the 
compoileilts withiil the load path that have coiltrolled dimeil­
sioilal iilterfereilces aild that are iilseilsitive to the axial posi­
tioil of the lockiilg sleeve. IIl Oile previous desigil, where a 
tubiilg ha1:1ger with such a lockiilg mechacism was la1:1ded 
Oilto a shoulder with large axial positioil variatioil, a pre­
iilstallatioil measuremeilt trip had to be made for each iilstal­
latioil to determiile the positioil of each laildiilg shoulder so 
that the tubiilg ha1:1ger could be adjusted before iilstallatioil to 
obtaiil the required dimeilsioilal iilterfereilce. Such measure­
meilt trips Ilot oilly add operatioilal cost, which is sigilificailt 
iil deep water applicatioil, but also iiltroduce additioilal Uilcer­
taiilty. 

Improved desigils for lockiilg a tubiilg ha1:1ger iilto a well­
head with preload would be a welcome additioil iil the art. The 
preseilt disclosure is directed to overcomiilg, or at least reduc­
iilg the effects of, Oile or more of the issues set forth above. 

Ail embodimeilt of the preseilt disclosure is directed to a 
tubiilg ha1:1ger for use iil a wellhead. The wellhead iilcludes a 
throughbore, a laildiilg seat positioiled iil the throughbore, a 
laildiilg groove positioiled above the la1:1diilg seat iil the 
throughbore, aild a lockiilg groove iil the throughbore. The 
tubiilg hailger comprises ail expaildable la1:1diilg riilg posi­
tioiled Oil the tubiilg ha1:1ger for eilgagiilg the laildiilg groove 
aild a laildiilg mecha1:1ism for expaildiilg the laildiilg riilg 
radially outward from the tubiilg hailger. ~ lockiilg riilg for 
eilgagiilg the lockiilg groove cail be positioiled Oil the tubiilg 
ha1:1ger. The tubiilg hailger cail further iilclude a lockiilg 
mechacism for expa1:1diilg the lockiilg riilg radially outward 
from the tubiilg hailger body a1:1d lockiilg it iilto the lockiilg 
groove. 

Al:lother embodimeilt of the preseilt disclosure is directed 
to a method for lockiilg a tubiilg ha1:1ger iil a wellhead. The 
wellhead iilcludes a throughbore, a la1:1diilg seat positioiled iil 
the throughbore, a laildiilg groove positioiled above the lal:ld­
iilg seat iil the throughbore, aild a lockiilg groove positioiled 
iil the throughbore. The method comprises expa1:1diilg a lal:ld­
iilg riilg positioiled Oil the tubiilg ha1:1ger to eilgage the laildiilg 
groove.~ lockiilg riilg cail be expa1:1ded to eilgage the lockiilg 
groove, the lockiilg riilg beiilg positioiled Oil the tubiilg 
ha1:1ger. The lockiilg riilg is expa1:1ded after the expaildiilg of 
the laildiilg riilg. 

BRIEF DESCRIPTIO~ OF THE D~WI~GS 

FIG. 1 illustrates the preseilted tubiilg ha1:1ger iil locked 
state aild supported by the iiltegral expaildable la1:1diilg riilg, 
accordiilg to ail embodimeilt of the preseilt disclosure. 
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FIGS. 2 to 5 ilh.:tstrate the operation. of a lan.din.g mec::ha­
n.ism as the t~bin.g han.ger is lan.ded in. the well, ac::c::ordin.g to 
an. embodimen.t of the presen.t disc::los~re. 

FIG. 6 ill~strates a c::ross-sec::tion.al ~iew of a lan.din.g rin.g, 
ac::c::ordin.g to an. embodimen.t of the presen.t disc::los~e. 

While the c::on.c::epts of the presen.t disc::los~re are s~sc::ep­
tible to ~ario~s modific::ation.s an.d altern.ati~e forms, specific:: 
embodimen.ts ha~e been. shown. by way of example in. the 
drawin.gs an.d will be described in. detail herein.. Howe~er, it 
sho~ld be nnderstood that the presen.t disc::los~re is n.ot 
in.ten.ded to be limited to the partic::~lar forms disclosed. 
Rather, the in.ten.tion. is to c::o~er all modific::ation.s, eq~i~alen.ts 
an.d altemati~es fallin.g within. the spirit an.d scope of the 
in.~en.tion. as defin.ed by the appen.ded claims. 

DET~ILED DESCRIPTIO~ 

FIG. 1 ill~strates a s~bsea ~bin.g han.ger 100 position.ed in. 
a wellhead 102. ~ ~bin.g han.ger rnnn.in.g tool 104 en.gagin.g 
the t~bin.g han.ger 100 is also shown.. ~s is well kn.own. in. the 
art, the ~bin.g han.ger mn.n.in.g tool 104 can. be ~sed to lower 
the t~bin.g han.ger 100 in.to position. in. the wellhead 102. 

The wellhead 102 in.c::l~des a thro~ghbore 106 defin.ed by a 
wellhead ho~sin.g wall 108. ~ lan.din.g seat 110 is position.ed 
in. thro~ghbore 106 an.d can. be an.y top profile of in.stalled 
eq~ipmen.t below the t~bin.g han.ger, ~s~ally with large axial 
position.al ~ariation.. In. an. embodimen.t, the lan.din.g seat 110 
can. be a c::asin.g han.ger pac::koff, which may act to seal the 
wellhead ho~sin.g wall 108 an.d the c::asin.g han.ger. In. other 
embodimen.ts, the lan.din.g seat maybe an.otherpiec::e ofeq~ip­
men.t that does n.ot act as a seal, s~c::h as other eq~ipmen.t 
in.stalled before the t~bin.g han.ger 100. 
~ lan.din.g groo~e 114 can. be position.ed abo~e the lan.din.g 

seat 110 in. the thro~ghbore 106 for rec::ei~in.g a lan.din.g rin.g 
116. ~ loc::kin.g groo~e 118 can. be position.ed abo~e the lan.d­
in.g groo~e 114 in. the thro~ghbore 106. Lan.din.g groo~e 114 
an.d loc::kin.g groo~e 118 can. be formed in. thro~ghbore 106 by 
an.y s~itable method, s~c::h as by mac::hin.in.g the groo~es in. the 
s~fac::e of wellhead ho~sin.g wall 108 that forms the o~ter 
perimeter ofthro~ghbore 106. 

T~bin.g han.ger 100 can. in.c::l~de a ~bin.g han.ger body 214. 
T~bin.g han.ger body 214 can. in.c::l~de on.e or more fl~id pas­
sages therein. (n.ot shown.), as is well kn.own. in. the art. In. an. 
embodimen.t, ~bin.g han.ger 100 can. also in.c::l~de on.e or more 
ann~l~s fl~id passages 124 position.ed aro~n.d the ~bin.g 
han.ger prod~c::tion. bore 122. 
~s disc::~ssed abo~e, an. expan.dable lan.din.g rin.g 116 is 

position.ed on. the t~bin.g han.ger 100 for en.gagin.g the lan.din.g 
groo~e 114. ~s more clearly ill~strated in. FIGS. 2 an.d 3, 
expan.dable lan.din.g rin.g 116 can. be c::on.fig~ed to work in. 
c::on.jnnc::tion. with a lan.din.g mec::han.ism 200 for expan.din.g the 
lan.din.g rin.g 116 radially o~tvvard from the t~bin.g han.ger 
body 214. 

The lan.din.g mec::han.ism 200 can. be position.ed to en.gage 
the lan.din.g seat 110 d~rin.g in.stallation. of the t~bin.g han.ger 
100 in.to the wellhead. ~s ill~strated in. FIG. 2, the expan.dable 
lan.din.g rin.g 116 can. be retracted in.side of the han.ger profile 
d~rin.g the in.stallation. rnn. The lan.din.g mec::han.ism 200 can. 
be c::on.fi~red so that a down.ward force ofthe lan.din.g mec::ha­
n.ism 200 on. the lan.din.g seat 110 d~rin.g the in.stallation. is 
capable of expan.din.g the lan.din.g rin.g 116 in.to the lan.din.g 
groo~e 114. 

The embodimen.t of the lan.din.g mec::han.ism ill~strated in. 
FIGS. 2 to 5 is similar to that of FIG. 1, except that lan.din.g 
rin.g 116, lan.din.g rin.g ac::t~ator 202 an.d lower load rin.g 204 
ha~e slightly simplified design.s. Howe~er, the lan.din.g 
mec::han.isms ill~strated in. both FIG. 1 an.d FIGS. 2 to 5 f~n.c::-
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tio11 i11 a similar maililer ar1d the discussio11 of FIG-S. 2 to 5 
applies to the desig11 of FIG-. 1. 

I11 ail embodime11t accordir1g to FIG-. 2, the lar1dir1g mecha­
Ilism 200 ca11 i11clude a lar1dir1g ri11g actuator 202 aild a lower 
loadri11g 204. The lar1dir1g ri11g actuator 202 ca11 be positior1ed 
below the expa11dable lar1dir1g ri11g 116, so as to make first 
co11tact with the lar1dir1g seat 110 duri11g the tubi11g ha11ger 
i11stallatio11 TUil. ~s show11 i11 FIG-S. 2 aild 3, o11ce the lar1dir1g 
ri11g actuator 202 e11gages the lar1dir1g seat 110, the co11ti11ued 
dow11ward moV"emeilt of the tubi11g hailger will create reac­
tioil forces at the tapered surfaces 206,209 oflai1dir1griilg 116 
as it co11tacts lar1dir1g ri11g actuator 202 aild lower load ri11g 
2 04. The resultailt forces ca11 expaild lar1dir1g ri11g 116 radially 
outward to make i11itial coi1tactwithlar1diilg grooV"e 114 (FIG-. 
4). ~t this positio11, lar1dir1g ri11g 116 co11tacts lower load ri11g 
204 at a tapered surface 211 that is a11gled more steeply 
relatiV"e to the axial dow11ward motio11 of lower load ri11g 204 
tha11 is the tapered surface 209. This is illustrated i11 FIG-. 6, 
which shows ail arrow "D'' that represe11ts the directio11 of 
moV"emeilt of the tubi11g hailger i11to the welL ~s show11 i11 
FIG-. 6, the ailgle, 8v betwee11 the surface 211 aild the arrow 
D, is smaller tha11 the ailgle, 8 2 , betvvee11 the surface 209 ar1d 
the arrow D. I11 ail embodime11t, the li11e represe11ti11g surface 
217 i11 FIG-. 6 is substailtially parallel to the li11e of motio11 
represe11ted by arrow D, so that 8 1 ar1d 8 2 also i11dicate the 
a11gle betvvee11 surface 217 ar1d surfaces 211 ar1d 209, respec­
tiV"ely. 

The resultailt force from lai1dir1g ri11g 116 co11tacti11g laild­
iilg grooV"e 114 aild lower load ri11g 204 CaLl e11able lar1dir1g 
ri11g 116 to expaild alo11g the lower tapered surfaces 114~, 
11413 oflar1di11g grooV"e 114 upward, thereby separati11g laild­
iilg ri11g 116 from lar1dir1g ri11g actuator 202. This separatio11 
is illustrated by the space 223 show11 i11 FIG-. 5. I11 other 
embodime11ts, separatio11 of the lai1dir1g ri11g 116 form the 
lar1dir1g ri11g actuator 202 may 11ot occur. 

Surface 217 of lar1dir1g ri11g 116 aild surface 219 of load 
ri11g 204 are shaped so that co11ti11ued traV"el of the tubi11g 
hailger i11to the well will 11ot sig11ificai1tly chailge the lateral 
positio11 of lai1dir1g ri11g 116. For example, i11 the illustrated 
embodime11t, surface 217 ar1d surface 219 are both cyliildri­
cally shaped without a taper relatiV"e to the axial moV"emeilt of 
load ri11g 204, so that little or 110 lateral force is applied to 
lar1dir1g ri11g 116 as the load ri11g 204 co11ti11ues moV"iilg i11to 
the welL The tubi11g hailger ca11 be stopped whe11 the load 
beari11g surface 221 of lower load ri11g 2 04 makes co11tact with 
lar1dir1g ri11g 116, resulti11g i11 the tubi11g ha11ger bei11g fully 
supported by lai1dir1g ri11g 116, as show11 i11 FIG-. 5. Thus the 
fi11al positio11 of lai1dir1g ri11g 116, ar1d he11ce the positio11 of 
the tubi11g ha11ger, ca11 be e11tirely defir1ed by lar1dir1g grooV"e 
114 ar1d lower loadri11g 204, aild does 11ot 11ecessarily depe11d 
011 the precise locatio11 of lar1di11g seat 110 011 which lar1di11g 
ri11g actuator 202 rests. Therefore the positio11al V"ariatioil of 
lar1dir1g seat 110 does 11ot affect the positio11 of the tubi11g 
hailger. 

I11 FIG-S. 2 to 5 the radial expailsioil oflar1di11g ri11g 116 is 
e11ergized i11 three stages. To aV"oid the premature radial 
expa11sio11 of lai1dir1g ri11g 116 before reachi11g the i11ter1ded 
lar1dir1g positio11, the top oflai1di11g ri11g 116 i11itially co11tacts 
lower load ri11g 204 at a small flat face 213 (show11 more 
clearly i11 FIG-. 6) that is substailtially perpe11dicular to the 
axial moV"emeilt of lower load ri11g 204 i11to the well, so that 
accider1tal co11tact oflai1di11g ri11g 116 agai11st the outside wall 
duri11g dow11ward trip will 11ot likely produce ail expa11sio11 
force from lower load ri11g 2 04 o11to lar1dir1g ri11g 116 (FIG-. 2). 

The irutial expailsioil of lar1di11g ri11g 116 ca11 therefore 
result from lai1dir1g ri11g actuator 202 reachi11g a stop (such as 
maki11g co11tact with prei11stalled lai1dir1g seat 110) so that the 
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tapered coiltact betvveeil la11diilg riilg 116 a11d la11diilg riilg 
actuator 202 creates a resultailt radial expailsioil force for 
laildiilg riilg 116. Due to the iilitial radial expa11sioil, the 
tapered surface 211 of laildiilg riilg 116 coiltacts lower load 
riilg 204 aild a surface 215 of laildiilg riilg 116 coiltacts 
laildiilg riilg actuator 202, thereby produciilg the resulta11t 
expa11sioil force iil the secoild stage nntil the la11diilg riilg 116 
makes coiltact with laildiilg groove 114 (See FIG-. 3 a11d FIG-. 
4). The third stage of expailsioil is produced by the resulta11t 
force from la11diilg riilg 116 reactiilg with la11diilg groove 114 
aild with lower load riilg 204, resultiilg iil laildiilg riilg 116 
more fully eilgagiilg laildiilg groove 114 (FIG-. 5). 

"Various other desigils of the la11diilg mechailism are coil­
templated. For example, iil ail embodimeilt of FIG-. 2, the 
lower load riilg 204 is a separate aild discrete compoileilt of 
the tubiilgha11ger 100. IIl ailotherembodimeilt (FIG-. 4), lower 
load riilg 204 cail be iiltegrally connected with tubiilg hailger 
body 214. 

Referriilg agaiil to FIG-. 1, a11d as discussed above, a lock­
iilg riilg 120 for eilgagiilg the lockiilg groove 118 aild thereby 
lockiilg tubiilg hailger 100 iilto place cail be positioiled Oil the 
tubiilg ha11ger 100 above the laildiilg riilg 116. The lockiilg 
riilg 120 cail have aily suitable shape that will :fuilctioil to hold 
tubiilg hailger 100 iil positioil withiil a desired preload. The 
laildiilg riilg 116 described above allows the lockiilg riilg 120 
to have a determiilistic geometry, such as illustrated embodi­
meilt of lock riilg 116 with cyliildrical back, which cail be 
used wheil the tubiilg hailger does Ilot Ilecessarily depeild Oil 
pre-iilstalled equipmeilt for laildiilg support. IIl ail embodi­
meilt, the preload ca11 be substa11tially or eiltirely determiiled 
by the elastic deformatioil of the lockiilg riilg a11d the com­
poileilts surronndiilg the lockiilg riilg without employiilg fric­
tioil depeildailt mechailisms, such as tapered or threaded com­
poileilts, to preload the tubiilg hailger. 

The lockiilg riilg cail be made of aily suitable material that 
will provide the desired support, aild Oile of ordiilary skill iil 
the art would readily be capable ofchoosiilg suitable materi­
als. Ex.amples of suitable materials iilclude metals, such as 
I~CO~EL 71 8, which is commercially available from ~lloy 
Wire IIlterilatioilal LDT, a compaily located iil the l_I .K. Other 
ex.amples of suitable materials are well kilowil iil the art. 

Referriilg back to FIG-. 1, a lockiilg mechailism 126 cail be 
employed for ex.paildiilg the lockiilg riilg 120 radially out­
ward from the tubiilg ha11ger body 214 aild lockiilg it iilto the 
lockiilg groove 118. ~y suitable lockiilg mechailism cail be 
employed. IIl ail embodimeilt of FIG-. 1, lockiilg mecha11ism 
126 iilcludes a sleeve that cail be coupled to a coiltrol mecha­
Ilism 128 oftubiilg hailger rnniliilg tool104. l.Jsiilg the coiltrol 
mecharnsm 128, the lockiilg riilg 120 ca11 be actuated to 
eilgage the lockiilg groove 118 at aily suitable time. 

The lockiilg mecharnsm 126 cail be mechailically iildepeil­
deilt ofthe laildiilg mecharnsm 200. For ex.ample, the laildiilg 
mecharnsm 200 is capable ofex.paildiilg the laildiilg riilg 116 
by employiilg the dowilward force ofthe tubiilg ha11ger 100 
duriilg iilstallatioil without actuatioil by the runniilg tool 104 _ 
~fter the laildiilg riilg 116 has beeil ex.pailded iilto the laildiilg 
groove 114, the lockiilg mechailism 126 is capable of direct 
actuatioil via the coiltrols of ruilillilg tool 104 to ex.paild the 
lockiilg riilg 120 iilto the lockiilg groove 118. IIl a11 embodi­
meilt, the laildiilg mechailism 200 is Ilot capable of direct 
actuatioil via the runniilg tool 104 coiltrols to ex.paild the 
laildiilg riilg 116 _ 
~ poteiltial beilefit of this system is the ability to lock the 

tubiilg hailger without sig11ificailt frictioil forces Oil the lock­
iilg riilg 120. This is because the laildiilg riilg 116 ca11 support 
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the weight of the tubing hanger, in the manner discussed 
above, during the engagement ofthe locking ring 120 with the 
locking groove 118. 

The tubing hangers of the present application can be oper­
ated by any suitable method that provides the desired preload­
ing and locking. The method can include expanding a landing 
ring positioned on the tubing hanger to engage a landing 
groove. The landing ring can be expanded by any suitable 
method. 

In an embodiment, the method can be carried out using the 
apparatus in the embodiment of FIG. 1, as described abov e , 
wherein expanding the landing ring 116 can comprise run­
ning the tubing hanger 100 downward into the wellhead 102 
so that a landing mechanism 200 positioned on the tubing 
hanger 100 is forced against the landing seat 110, the down­
ward force ofthe landing mechanism 200 against the landing 
seat 110 causing the landing mechanism 200 to expand the 
landing ring 116 without further actuation by the running 
tooL After expanding the landing ring 116 to fix the axial 
pos ition oftubing hanger 100 in wellhead 102, a locking ring 
120 can be expanded to engage the locking groove 118. In an 
embodiment, the locking ring 120 can be positioned on the 
tubing hanger 100 above the landing ring 116. In altemative 
embodiments , the locking ring can be placed in any other 
suitable position, including in positions below the landing 
ring 116. 

In the abov e described embodiments, the landing ring and 
locking ring are illustrated as comprising a single integral 
component. However, in an alternative embo diment, b o th a 
landing ring and a locking ring can be replaced by segmented 
components with similar cross sections. 

In an alternative embodiment, both a landing ring and a 
locking ring can be expanded using, for example, running tool 
or some other apparatus that can control the expansion of the 
landing and locking rings. Thus, the landing and locking rings 
can b e actuate d by any s uitable metho d s that allow the tubing 
hanger to be accurately positioned in the wellhead prior to 
locking, so that locking ofthe tubing hanger can provide the 
desired preloading. Given the teachings ofthe present appli­
cation, one of ordinary skill in the art w ould readily be a ble to 
make and use tubing hangers for implementing such methods. 

Although v arious embodiments h ave been shown and 
described, the present disclosure is not so limit ed and w ill be 
understood to include all such modifications and v ariations as 
w o uld be apparent t o o n e s killed in the art. 
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What is claimed is: 
1. A tubing hanger for use in a wellhead, the wellhead 

including a throughbore, a landing seat positioned in the 
throughbore, a landing groove positioned above the landing 
seat in the throughbore, and a locking groove in the through­
bore, the tubing hanger comprising: 

an expandable landing ring positioned on the tubing hanger 
for engaging the landing groove; 

a landing mechanism for expanding the landing ring radi­
ally outward from the tubing hanger; 

a locking ring for engaging the locking groove, the locking 
ring being positioned on the tubing hanger; 

a locking mechanism for expanding the locking ring radi­
ally outward from the tubing hanger body and locking it 
into the locking groove; and 

wherein the landing mechanism is positioned to engage the 
landing seat during installation of the tubing hanger into 
the wellhead, the landing mechanism being configured 
so that a downward force of the landing mechanism on 
the landing seat during the installation is capable of 
expanding the landing rii?-g into the landing groove. 

2. The tubing hanger of claim 1, wherein the landing 
mechanism comprises a landing ring actuator positioned 
between the expandable landing ring and the landing seat, the 
landing ring actuator being configured to engage the landing 
seat in a manner that provides radial expansion of the landing 
ring by a first distance. 

3. The tubing hanger of claim 2, wherein the landing 
mechanism further comprises a lower load ring positioned 
above the expandable landing ring, the lower load ring being 
configured to engage the landing ring and provide additional 
radial expansion of the landing ring by a second distance so 
that the landing ring fully engages the landing groove. 

4. The tubing hanger of claim 1 , wherein the landing ring 
and the locking ring comprise segmented components. 
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- - - - -
5. The tubing hanger of claim 1, wherein the locking ring 

engaged in the locking groove provides a desired preload to 
the tubing hanger. 

6. The tubing hanger of claim 5, wherein the preload is 
determined by the elastic deformation of the locking ring and 
the components surrounding the locking ring without 
employing an additional friction dependent preloading 
mechanism chosen from a tapered feature and a threaded 
feature. 

7. The tubing hanger of claim 1, wherein the landing 
groove is positioned a first distance from the landing seat and 
the locking groove is positioned a second distance from the 
landing seat, the second distance being greater than the first 
distance. 

8. A method for locking a tubing hanger in a wellhead, the 
wellhead including a throughbore, a landing seat positioned 
in the throughbore, a landing groove positioned above the 
landing seat in the throughbore, and a locking groove posi­
tioned in the throughbore, the method comprising: 

expanding a landing ring positioned on the tubing hanger to 
engage the landing groove; and 

expanding a locking ring to engage the locking groove, the 
locking ring being positioned on the tubing hanger, 
wherein the locking ring is expanded after the expanding 
of the landing ring, wherein expanding the landing ring 
comprises running the tubing hanger downward into the 
wellhead using a running tool so that a landing mecha­
nism positioned on the tubing hanger reacts against the 
landing seat, the downward force of the landing mecha­
nism against the landing seat causing the landing mecha­
nism to expand the landing ring. 

User
Rectangle
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9. The method of claim 8, wherein other than by running 
the tubing hanger into the wellhead, the landing mechanism is 
not directly actuated via the running tool controls to expand 
the landing ring. 

10. The method of claim 9, wherein the locking mechanism 
is actuated via the running tool controls to expand the locking 
ring after the landing ring has been expanded into the landing 
groove. 

11. The method of claim 8, wherein expanding the locking 
ring to engage the locking groove provides a preload to the 
tubing hanger. 

12. The method of claim 8, wherein the preload is deter­
mined by the elastic deformation of the locking ring and the 
components surrounding the locking ring without employing 
an additional friction dependent preloading mechanism cho­
sen from at least one of a tapered feature and a threaded 
feature. 

13. A tubing hanger for use in a wellhead, the wellhead 
including a throughbore, a landing seat positioned in the 
throughbore, a landing groove positioned above the landing 
seat in the throughbore, and a locking groove in the through­
bore, the tubing hanger con1prising: 

an expandable landing ring positioned on the tubing hanger 
for engaging the landing groove; 

a landing mechanism for expanding the landing ring radi­
ally outward from the tubing hanger; 

a locking ring for engaging the locking groove, the locking 
ring being positioned on the tubing hanger; and 

a locking mechanism for expanding the locking ring radi­
ally outward from the tubing hanger body and locking it 
into the locking groove, wherein the tubing hanger is 
capable of engaging a running tool, and further wherein 
the landing mechanism is capable of expanding the land­
ing ring by employing the downward force of the tubing 
hanger during installation without actuation by the run­
ning tool. 

14. The tubing hanger of claim 13, wherein the locking 
mechanism is capable of actuation to expand the locking ring 
after the landing ring has been expanded into the landing 
groove. 

15. Thetubinghangerofclaim 14, wherein the running tool 
actuates the locking ring. 


