ACTI VE CASI NG HANGER HOOK MECHANI SM 1. Field of the Invention: 100011 This
invention relates in general to well head equi pnent or oil and gas wells,
and in particular to a casing hanger centralizing mechanism 2. Description
of Related Art: [0002] A typical subsea well head assenbly includes a
wel | head housi ng that supports one or nore casing hangers. One type of
wel | head housing has a conical |oad shoulder nmachined within its bore. The
casi ng hanger | ands on and is supported by the | oad shoulder. In this type,
the dianeter of the housing bore below the | oad shoulder is | ess than the
di ameter of the houdiTE/RPASENGAEANAER HOOKIRIEAYARISAMTENSI Oon equal to a
radial width of the | oad shoulder. [0003] In another type, referred to as
“full bore", the wellhead housing has a groove with substantially the sane
di ameler abisldoffhe Imengign he groove. The | oad shoulder is a split ring that
is installed subsequently in the groove. The casing hanger is supported by
the I oad shoul der. This procedure allows a |arger dianmeter bore to be

enpl olMQ1l4Thip Aeyveation relags bpeenergldasvelihged peHpmenioior @drandagaspuelisngndiin ed on
a special running tool or it may be run with the casing hanger. [0004]

Act i veartiaamg alcanigehagamogntydiziigdethanismansf er the casing load to the
wel | head housing via a | oadi ng nechanismthat includes an activation ring,
shear pins that prevent prenature novenent of the activation ring, and a

| oad 2i ng onDesaquiption ofiBelatadgdrt; This mechanismis typically designed to be
activated by the weight of the string when a reaction point, such as a
shoul der, formed on the interior of the well head housing is reached during
| ower [0882]oh tipical bbsepewellhaad agsergblydiahades v wsllb¢rddrousingithabmuppéres 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 the diameter of the housing above the load

shoulder by a dimension equal to a radial width of the load shoulder.

[0003] In another type, referred to as "full bore", the wellhead housing has a groove with
substantially the same diameter above and below the groove. The load shoulder is a split ring that is
installed subsequently in the groove. The casing hanger is supported by the load shoulder. This
procedure allows a larger 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] Active casing hangers may be used to transfer the casing load to the wellhead housing via a
loading mechanism that includes an activation ring, shear pins that prevent premature movement of
the activation ring, and a load ring on the casing hanger. This 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



activation ring break to allowit to slide relative to the dowward
novenment of the hanger, thereby allowing the |oad ring on the hanger to
align with the housing to transfer casing load to the housing. However, if
t he hanger snags or the pins |oad up unevenly and break prematurely, the
activation ring may be activated prematurely. This is costly and tine
consum ng as the hanger and casing would have to be pulled out and
re-tripped. [0005] A technique is thus desirable that correctly and
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prevent premature activation. [0006] Sunmary of the Invention: 100071 In
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coni cal gener al oad shoulder that inclines relative to an

axi s t he re. A housing | ring wW.th [ hhg d rd facing
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housing | oad.ring has a geperally u rd faci ng shqulder that inclines
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of the housing load ring. A casing hanger |anded in the housing has a at

| east haypetobomiled o enghigairip¢daci ng | oad shoul der that inclines relative to
the axis of the bore. A split load ring is carried by the hanger for
supporting the hanger on the upward facing |oad shoulder. The |oad ring has
an i niR0SpAJeshnigue ithussdasigateihpt wrigedeandrpliablinstiviesthe loafing meshanismen| der
of the hanger and an outer profile that slidingly engages the upward facing
| oad shectivdensing hanger togusienigpreroaidrerdctigationhe | oad ring is carried by the
hanger for novenent between a retracted position, wherein the outer profile
is spaced radially inward fromthe upward faci ng shoul der of the housing

| oad ring, and an expanded position wherein the outer profile is in
engagenent with the upward facing shoul der of the housing |oad ring. Wen
set, the load rings and shoul ders provide a path for the casing |oad to be
transferred to the well head housing. [0008] Further, the casing hanger has
a centralizer ring conprised of segnents or fingers. The fingers are
fastened to the casing hanger at one end and have a hook at another end for
engagenment with a hook fornmed on a | ower end of an activation ring. The
fingers have a pivot or fulcrumpoint on an interior portion that contacts
an exterior surface of the hanger. When fastened, the ful crum point creates
an outward spring effect that acts to centralize the hanger as it is

| owered into the well head housi ng when it contacts the bore of the housing.
A shear pin maintains the activation ring in place during installation
until a corresponding tag shoul der on the activation ring cones into



contact with the tag shoul der on the housing load ring. Additional

downwar d

force at this point causes the hook on the fingers to di sengage fromthe

hook
shear

the activation ring,

on the activation ring and the pins to shear. Once the pins are
ed, the hanger and centralizing ring nove downward i ndependently

radially outward into an expanded position. Once set in this position,
casing load can be transferred through the casing hanger load ring, to the

housi

ng |l oad ring, and to the well head housing via the | oad shoul der.

of

allowing the load ring carried by the hanger to slide

The

f i ngel®O8k Symmark af the Ipyemtipni | ng advant ageousiy prevent activation of the
casi ng hanger until the correct location within the housing is reached.
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n a well head housing in an unset position, and constructed in

Vi ew

accor genserdlywpward fa¢ing joad shnuldms that 0wlings refative to ap akis o thsdosp et hpwsing/doady of a
centralizing ring conprising finger segnents, in accordance with the
I nventingmith[ DO&ridspériding dovdhwead dacgnglehombiet isonpponddeby tfe laadheloluldee onahe sm of
a finger, in accordance with the invention.

wellhead housing. The housing load ring has a generally upward facing shoulder that inclines
relative to the bore axis. A tag shoulder is formed on an interior surface of the housing load ring. A
casing hanger landed in the housing has a at least one conical downward facing load shoulder that
inclines relative to the axis of the bore. A split load ring is carried by the hanger for supporting the
hanger on the upward facing load shoulder. The load ring has an inner profile that slidingly engages
the downward facing load shoulder of the hanger and an outer profile that slidingly engages the
upward facing load shoulder of the housing load ring. The load ring is carried by the hanger for
movement between a retracted position, wherein the outer profile is spaced radially inward from the
upward facing shoulder of the housing load ring, and an expanded position wherein the outer profile
is in engagement with the upward facing shoulder of the housing load ring. When set, the load rings

and shoulders provide a path for the casing load to be transferred to the wellhead housing.

[0008] Further, the casing hanger has a centralizer ring comprised of segments or fingers. The
fingers are fastened to the casing hanger at one end and have a hook at another end for engagement
with a hook formed on a lower end of an activation ring. The fingers have a pivot or fulcrum point
on an interior portion that contacts an exterior surface of the hanger. When fastened, the fulcrum
point creates an outward spring effect that acts to centralize the hanger as it is lowered into the
wellhead housing when it contacts the bore of the housing. A shear pin maintains the activation ring

in place during installation until a corresponding tag shoulder on the activation ring comes into



[0012] Figures 4A-4E are side sectional views of an activation sequence for
setting the casing hanger of Figure 1 within the well head housing. [0013]
Fi gures 5A-4E are side sectional views of a deactivation sequence for
retrieving the casing hanger of Figure 1 fromw thin the wellhead housi ng.
[0014] Figure 6 is a perspective view of a centralizing ring with fingers
extending froma base, in accordance with the invention. Detailed
Description of the Invention: [0015] The apparatus and net hod of the
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reference to the acconpanyi ng draw ngs i n which enbodi nents are shown. This
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enbodi rent 5 s f.orth herein; rather, these enbodi nents are provi ded_.so
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the scope of the invention to those skilled in the _art. Like nunbers refer
to |i ke Wtiyptinn ing RHeNKE sk loatsing carsied oy vhsniasgerdoishds sdilly ionpvard intpan
acconpanyi ng figures, directional terns are used for reference and

i | | ustexpandedposilign. Poee ssk amhlisposithng, dasirgclopd parl be wanstered dhroagh themaesing |

"l oner"”, "above", "below', and the |like are being used to illustrate a

r el at ihaimger 1dad¢iaf) tonhe §dOih@Jloddiriigs ardaohie: welthesdhanihgtviathe 1dad sholifjecThef t he
present disclosure is not limted to the exact details of construction,

oper atfin@s o XRCEnTRiARS AhS adhnta8BRRAI PN a&RAMON @f‘ﬂw%ﬁﬁ% hRQRr uAsl the
nodi fi cati ons and equi valents wll be apparent to one skilled in the art.

In th ' eci fi ' t here have been disclosed illustrative
errbodi%(r)rgérﬁ?gcg&?“?gﬁgﬁ% ]gdgffngﬁgsﬂg %Ys?ﬂ'r e and, although specific terns are

enpl oyed, they are used in a generic and descriptive sense only and not for
the purpose of limtation. Accordingly, the subject disclosure is therefore
to be limted only by the scope of the appended cl ai ns.



[0017] Referring to Figure 1, a casing hanger 10 is shown within a well head
housi ng 12 having an axial bore 14. Bore 14 has an upward facing, tapered
shoul der 16 located formed within it. In this enbodinment, the shoul der 16
inclines relative to an axis of the bore 14 and a housing load ring 18 with
a correspondi ng downward facing shoulder 19 is supported by the | oad

shoul der 16 on the wel |l head housing 12. The housing load ring 18 has a
general ly upward faci ng shoul der 20 that inclines relative to the bore
axis. A %% should ﬁ is, formed on an interior surface of the housing

| oad ﬁrﬁ’z Serin{ion rﬂ‘% 58%i th a correspondi ng downward facing shoul der
24 formed on an actlvatlon ring 26 carried by the hanger 10 by neans of a

shear shoul ders 22, 24 ntact eac her,

et v o8 Pliga R E F el Pk A S e a i POk Bt e W FIo g8 cus sed
in further detail |n a subsequent sectiogn. 100181 Continuing to refer to
Fi gur andishopmavighiap igllhesd Gersindingasinset apsitien od ennstrecsed inarcasdansewith thiaci ng

| oad shoul der 30 that inclines relative to the axis of the housing bore 14.
A hangeentimad ring 32, which may be a split load ring, is carried by the
hanger 10 for supporting the hanger 10 on the housing load ring 18
supported by the | oad shoul der 16 formed on the housing 12. The hanger | oad
ri ng BW1AkEigare dpsar perprciiveyviewapl r exingdlingdeng 3dmplising SIngdi segmentngages

t he downward facing | oad shoul der 30 of the hanger 10 and a downward

f aci ngecotdapey with gleauetieion.36 t hat slidingly engages the upward facing | oad
shoul der 20 of the housing load ring 18, when the housing load ring 18 is
in an expanded position. The hanger load ring 32 in this enbodinent is
carri gd1byFighe hizngide skCtidnal view\oaeiobk bichénésm af 4 Ghgacinedcqragict wath, thwher ei n
an outer profile is 38 spaced radially inward fromthe upward facing

shoul ggenta. of the housing load ring 18, and the expanded position wherein
the outer profile 38 is in engagenent with the upward facing shoul der 20 of
t he housing load ring 18. When set, the hanger and housing |oad rings 32,

18 anghogPpritas 3A 3% aregdweemmw@wp@ra!a abt®VatiBn &8N0 1dr S@6nd tRe BRInghansf er r ed
to the [ oad shoul der 16 of the wellhead housing 12. 100191 Continuing to

refer i dlnent a centralizer ring 50 conprising of
?gﬁ lbqg¥ﬁg%8ﬁeﬁ?%g%fh |ngers 52 is shown. The centralizer ring 50
centrallzes the casing hanger and mnimzes inmpact when it is lowered into
the h } p f r in
Fi gur@ﬂiﬁl?ﬁr%r QP AL KR P h e SRS el ke fiririating BeTAHE ' 1,
end 2 wth bolts 56 that traverse

o or ¢ s rfggtgaég‘%?a@y“@@ trepwéﬂreadgyusrr& med at the lower end 54 of the

flnger 52 and passages 60 forned on the hanger 10. It is not necessary that

al | nds 54 of th fln er e. fasten d.to the han Thi s

el ecOUTH FREE 63 ngessbiug VA g Zand Fhan T gt SR Bne Fom bdiong 1 or ce
provi ded. A |l ower portion 70 of the centralizing ring 50 forns a base that
suppotcerdapes withhdieinyeston.n t hi s embodi ment. The | ower portion 70 is
fastened to the hanger 10 by bolts 72 that traverse correspondi hg passages
74 in the hanger 10 and passages 76 forned in the centralizing ring 50. A
rim78 that protrudes upward fromthe |ower portion 70 may interfere with a
| oner extension 80 of the finger 52 to prevent the |ower end 54 from
sliding outward if it is not fastened to the hanger 10.



[0020] A top end 90 of the finger 52 opposite to |lower end 54 has a hook 92
for engagenent with a hook 94 fornmed on a |lower end of the activation ring
26. Referring to Figure 3 for nore clarity, a dowward facing surface 96 on
the finger hook 92 interferes with an upward facing surface 98 on the hook
94 of the activation ring 26. Thus the fingers 52 may be restrained at the
| ower end 54 by the bolt 56 and at the top end 90 by the hook 92. Dependi ng
on how much the bolt 56 is tightened, a spring effect will be created on
the t e 0 and lower end 54 of the finger 52 due to a fulcrum 100

(Fi guﬁt?‘ye%flg‘fsﬁ’éat'%omeiIHY"é‘rti"Bi surface of the finger 52 that contacts the
hanger | 0 and essentially forns a cantilever. The outward spring effect on

the t q@oﬁg dh8 Qppahtut ahd zeshddher ihag@entl@s@ssurd wils nbaViRy @dciitidombkefurigl | head
housi ng 12. Further, the spring effect causes the hook 92 at the top end 90
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52 of the centralizing ring ct t bore 16 as the hanger 1

| owered .inta.the || head housing 12, hown in Ei.gure. 3, a d,or
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outward beyond an outer surface 104 of the _activation ring 26. .This all ows
the pkacawirupdasdimeditnthed sirgied GRbeqipRuS %F%t%%srema&w,éﬁqsg cRORR 4P ze
the hanger 10 while preventing the activation ring 26 from becomnin
snaggedovidadisn ghat thés disslwspiervgll b thonenghandeamplere, anfl vall fully gerves theiseopgef thpol t ed
to the hanger at the |ower end 54 and is captured by the rim78 of the

| ower ip@ntiorot Fose tHikedomathd Q. driké hembets eefeoto like ¢lbmerdts tigeughbt. wFbid the

di sengage the hook 92 fromthe hook 94 on the activation ring when the pad
102 cephrslehcd ffﬂereﬂ%ﬁfr% t&fheojccirﬁﬁangﬁﬂgfﬂgﬂgss,ldgrecl[i&(ﬁiﬂe}mé astuadd Rt tdsrefe shiie

casing hanger 10 is depicted in Figures 4A-4E. During installation, the
casin ed.. ' dn i ' " ni ng
ool | CHORARR LS, TR A R R o eF) ot B e e
fingers 52 of the centralizing ring 50 centralize the hanger 10 within the
melIh@&ﬁﬁﬁﬁﬁ%PﬂﬁgT?gﬁyﬂgﬁgﬁ?P%ﬂmﬁngﬂFﬁﬁpd force against the bore 14 of the
wel | head housing 12. The force is exerted by the spring effect | oaded into
the fingers 52 during assenbly. The hanger 10 is |owered until the pad 102
f or meqooua) tthie teké afidedtoddf thathe bithect 0d tHRGreéskent discldsurgie mobBméted teaubt $xidne
upward facing tag shoul der 22 fornmed on the interior of the housing |oad
nng gé%{ e cbﬁéar,u%ﬁaw(f})%faﬁaﬁ,l EBYt RAtdRECHr ABbain stV shdf hadibde spore 14
y .

e remaining installation of the casing hanger 10 is acconpli shed

via the i.ght of. casi su [t b he hanger. 10. Th h ' of the
casin&“@ﬁ%ﬁg??%ﬂu%?“¥ E%ﬁhwgggeﬁﬁﬁrm%éééﬁefﬁ@gﬁgﬁég?a‘O%fg&%éﬁﬁﬁﬁgghﬁnving
down and.the hooks 92 at the top.end 90 of the fingers 52 to di sengage the
hook BecifiFatinm heavshrengscianet drotivs YROGdimgnts 6" e Ctpﬁacq&%‘ﬁe nd
encounters the dianeter of the bore 14 as shown in Figure 4B. The hooks 92,
94 onklthatigh epesafipcienms arhemplopgske thepl aegrisedin aagteripendislesciiptvgiease erdy sd st and a
one mllion pound | oad before shearing. At this point, the dowward facing
tag stiauhdpurp@s off tmimdoro M dcbalimgly,ithvadubizot disalgsutis dendfaetts bt hmitepwey dy f aci ng
tag shoul der 22 on the housing load ring 18. The interference between the
tag sRRULESS S tRdtappéndddBli@s a reaction point that allows additional casing
wei ght to shear the shear pin 28 as shown in Figure 4C. Referring to Figure
4D, once the shear pin 28 is sheared, the casing hanger 10 and the

centr de] RYfeki}0to PEIRY, SCA8hE Ratfet 00 RRMGWHRNRMAI WeliMohd Bousihg 120kl Makh On
ring 26 renmai ns engaged to the housing load ring 18 via the interference

bet wegn f e 5&%@%%'@@@@@ ﬁag%,/;@p%gcgs GINI s %)Qatea]ﬂ)rﬁ@@mgé it i A%t ing 50

conti nue novi ng wnwar ring 32 1s urged radially outward

by the hanger 10 su that .t he hanger load ring 32 slides radjall. t war d
a1 ong abp ety HesBaidn Drketintt bR Ghn Prgo e B SpH A SEBAIES 1% e 7

shoul der 34 slides into contact with the downward facing | oad shoul der 30
of t havithangparesnapdmgcommevagbisingrshowlden Iyis shenargd by dee opd sheuldesdgem thead
ring 32 slides into contact with the upward faci ng shoul der 20 of the

housi mgllheddonsing 12.8 Thahosdumgvad mingiI§urae agenerally biward gading shoukder R@tiger | oad
ring 32 is fully set and is no longer in contact with the activation ring
26. The casing |load may thus be transferred fromthe casing hanger 10

t hrough the hanger |oad shoul der 36; to the hanger and housing load rings
32, 18, to the housing | oad shoulder 16 and ultimately the wel | head housi ng
12. 100221 If needed, the casing hanger 10 may be retrieved fromw thin the
wel | head housing 12. Figures S5A-5E illustrate a sequence for retrieving the
casi ng hanger 10 by deactivation the activation ring 26. A running tool

(not shown) may be used to unset the casing load ring 32 fromthe position
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32 and lift it off of the tapered shoulder 20 of the housing load ring 18.
As shown in Figure 5C, the casing hanger 10 continues to be raised until
and upward facing shoul der 114 on the the casing |load ring 32 contacts a
correspondi ng, downward facing shoul der 112 forned on the housing 12 and
inclined relative to the bore axis. As the hanger 10 continues to be raised
upward in this enbodi nent, the hanger load ring 32 encounters a downward

sl oping surface 116 al ong which the load ring 18 begins to nove radially

I nWar ghehisied relati Qo tBEbSe hdis! AQad loliRiet BXis Frafed onaf ifOMuiticelof e R%siaP and
5E. When the hanger load ring 32 is conpletely retracted and retaine

Wit hi g S hanger
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activatio n e caS| han wi.th t I|2|ng
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fromthe well head hou5|n 12. 0231, 1n an alternative enbodi nent shomn in
Fi gur 64 80ntast gachotheriths %@V%tm@eq%cmw%e%él{}@ aglivagpi gauence yat besliscassgd ment |
with a Plurallty of fingers 144 having a common | ower end 142. The | ower
end 14pfughendstildentspbdenuénteectipmg 140 has bolt hol es 146 around the
circunference to allow fastening to the hanger 10 (Figure 1). The spring
effect in this enbodi nent may al so be generated by a fulcrum 148 acting to
cant i I8} Cartinuppseio rpler to IGauredothefeasing hangaty &0 basiat leqso@rajonirakdawiwetd i on
has significant advantages. Premature activation of the activation ring is
pr eveffdcan [bad shbeldprEMmbattindipesicteing agaentt otthe htwasidpdoke bDh A hanget logériag unt i |
the correct dianeter of within the well head housing is reached. Costly
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i nvention has been shown in onl y two of its forms, it should be apparent to
mose g, BRI by R BT =, SR B
ring 32 has an upward facing, tapered shoulder 34 that slidingly engages the downward facing load
shoulder 30 of the hanger 10 and a downward facing, tapered shoulder 36 that slidingly engages the
upward facing load shoulder 20 of the housing load ring 18, when the housing load ring 18 is in an
expanded position. The hanger load ring 32 in this embodiment is carried by the hanger 10 for
movement between a retracted position, wherein an outer profile is 38 spaced radially inward from
the upward facing shoulder 20 of the housing load ring 18, and the expanded position wherein the
outer profile 38 is in engagement with the upward facing shoulder 20 of the housing load ring 18.
When set, the hanger and housing load rings 32, 18 and shoulders 30, 20 provide a path for a casing

load to be transferred to the load shoulder 16 of the wellhead housing 12.

[0019] Continuing to refer to Figure 1, in this embodiment, a centralizer ring 50 comprising of a
plurality of segments or fingers 52 is shown. The centralizer ring 50 centralizes the casing hanger
and minimizes impact when it is lowered into the housing 12 A perspective view of the centralizer

ring 50 is shown in Figure 2 for clarity. The fingers 52 are fastened to the casing hanger 10 at a



A subsea wel | head assenbly, conprising: a housing having a bore containing

at | east one generally upward facing | oad shoul der; a hanger that is
| owered into the housing, the hanger having at |east one downward facing
| oad shoul der; a load ring having an upward faci ng shoul der that

slidingly engages the downward facing | oad shoul der of the hanger and a
downward facing shoulder that transfers load to the upward facing | oad
shoul der of the housing, wherein the load ring is carried by the hanger for
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shoul der is spaced radially inward fromthe upward facing | oad shoul der of
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shoul I's in load transfer wi'th the upwar i ng | oad

shoul der ; centrali.zi r e e ha h l.ow,the | oad
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wel | head hou5|n a hook for t an upp nd of th
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frommmoving into the expanded position until the the centraI|2|ng ring is

conpr esstedizing rimgd8 Sormsd bpwsrthatewprofts thedingera 82 ighis embodiment Shedvey patioar di ng
to claiml, wherein the centralizing ring conprises a plurality of fingers
havi ng0as fastesmsd te ik Haagdrd Oégl bblos Thathanegsee cardpdridingpasdagésy Afinthetdnga 16 t op

end of the finger, the finger having an inward | acing protrusion that

cont aghgp é’s@a%b'?@ Forfed {AGE cafiralifife NARSET A kith T8 Bal Ro@kted Up W@t drobdthe fovad t he
top end of the finger when the hook is restrained.
portion 70 may interfere with a lower extension 80 of the finger 52 to prevent the lower end 54 from

sliding outward if it is not fastened to the hanger 10.

[0020] A top end 90 of the finger 52 opposite to lower end 54 has a hook 92 for engagement with a
hook 94 formed on a lower end of the activation ring 26. Referring to Figure 3 for more clarity, a
downward facing surface 96 on the finger hook 92 interferes with an upward facing surface 98 on the
hook 94 of the activation ring 26. Thus the fingers 52 may be restrained at the lower end 54 by the
bolt 56 and at the top end 90 by the hook 92. Depending on how much the bolt 56 is tightened, a
spring effect will be created on the top end 90 and lower end 54 of the finger 52 due to a fulcrum 100
(Figure 1) formed on an interior surface of the finger 52 that contacts the hanger 10 and essentially
forms a cantilever. The outward spring effect on the top end 90 centralizes the hanger 10 as it is
lowered into the wellhead housing 12. Further, the spring effect causes the hook 92 at the top end 90
to remain engaged to the hook 94 on the activation ring 26 when the fingers 52 of the centralizing
ring 50 contact the bore 16 as the hanger 10 is lowered into the wellhead housing 12. As shown in
Figure 3, a pad or protrusion 102 formed on the upper end of the finger 52 protrudes radially outward
beyond an outer surface 104 of the activation ring 26. This allows the pad 102 to come in contact

with the bore 16 (Figure 1) to centralize the hanger 10 while preventing the activation ring 26 from
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e assenbly according to claim1l1l, wherein the upward facing | oad

der of the housing has a larger radial width than the downward faci ng

shoul der of the hanger. 4. The assenbly according to claim1, fu
i sing: an upward facing tag shoulder fornmed in the bore of the
ng; and an activation ring nounted to the hanger bel ow the
the activation ring having a dowmward faci ng tag shoul der that
es the upward facing tag shoul der while the hanger is being | owe

rther
| oad

r ed
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ring, the continued downward novenent of the hanger relative to
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e hook
n ring

when the outward facing protrusion on the centralizing ring encounters the
r educCPYACt Hedors Hhefiths hysingHe: bore bel ow t he upward facing tag shoul der.

[0021] Installation of the casing hanger 10 is depicted in Figures 4A-4E. During installation, the
casing hanger 10 may be lowered into the wellhead housing 12 by a running tool (not shown) as
shown in Figure 4A. As the hanger 10 is lowered, the fingers 52 of the centralizing ring 50
centralize the hanger 10 within the wellhead housing 12 by exerting an outward force against the
bore 14 of the wellhead housing 12. The force is exerted by the spring effect loaded into the fingers
52 during assembly. The hanger 10 is lowered until the pad 102 formed on the exterior of the top
end 90 of the finger 52 contacts the upward facing tag shoulder 22 formed on the interior of the
housing load ring 18. The tag shoulder 22 may be upset radially outward from the bore 14 by 1/8".
The remaining installation of the casing hanger 10 is accomplished via the weight of casing
supported by the hanger 10. Thus the weight of the casing supported by the hanger will cause the
hanger 10 to continue moving down and the hooks 92 at the top end 90 of the fingers 52 to disengage
the hook 94 on the lower end of the activation ring 26 as the pad 102 encounters the diameter of the
bore 14 as shown in Figure 4B. The hooks 92, 94 only disengage at the proper diameter and may be
designed to withstand a one million pound load before shearing. At this point, the downward facing
tag shoulder 24 formed on the activation ring 26 contacts the upward facing tag shoulder 22 on the
housing load ring 18. The interference between the tag shoulders 24, 22 creates a reaction point that
allows additional casing weight to shear the shear pin 28 as shown in Figure 4C. Referringto Figure
4D, once the shear pin 28 is sheared, the casing hanger 10 and the centralizing ring 50 may continue

to move downward while the activation ring 26 remains engaged to the housing load ring 18 via the
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5. The assenbly according to claim4, further conprising: a retaining
menber that secures the activation ring to the hanger for novenent
therewith until the tag shoul ders engage each other. 6. The assenbly
according to claimb5, wherein; di sengagenent of the hooks all ows
further downward novenent of the hanger to shear the retaining nenber and
al l ow hanger to nove downward relative to the activation ring. 7. The
assenbly according to claim11, further conprising: a load ring

supporihRefeRicd BdwedAWaE sigfsa&im@s bnad. 3k BiRzeor) dnd@chedlRingaiig™ engarer al |y
upward facing shoulder tor sliding engagenent with the downward facing

shoul qﬁ{;viﬁé d(;vbl?weirﬁ’,atge Mn@gr by riljigr s fn%'é{i H&lﬂal@ ouBRRHd w f?@hﬁrtfg%r DEQRK thd: thet D€

housi ng

hanger load ring 32 slides radially outward along a top surface of the activation ring 26 until the
upward facing shoulder 34 slides into contact with the downward facing load shoulder 30 of the
hanger 10 and the downward facing shoulder 36 of the hanger load ring 32 slides into contact with
the upward facing shoulder 20 of the housing load ring 18, as shown in Figure 4E. At this point, the
hanger load ring 32 is fully set and is no longer in contact with the activation ring 26. The casing
load may thus be transferred from the casing hanger 10 through the hanger load shoulder 30, to the
hanger and housing load rings 32, 18, to the housing load shoulder 16 and ultimately the wellhead

housing 12.

[0022] If needed, the casing hanger 10 may be retrieved from within the wellhead housing 12.
Figures SA-SE illustrate a sequence for retrieving the casing hanger 10 by deactivation the activation
ring 26. A running tool (not shown) may be used to unset the casing load ring 32 from the position
shown in Figure SA. As the casing hanger 10 moves upward, the pad 102 on the exterior of the
finger 52 of the centralizing ring 50 interferes with a recess 110 formed on the bore 14 of the
wellhead housing 12. This interference may be used to check the installation of the hanger 10 via
overpull, which may be calibrated at 100 Kips. To fully disengage the pad 102 from the recess 110
and continue moving the hanger 10 upward, an upward force of about 150 kips is applied to the
hanger 10, as shown in Figure SB. The force is sufficient to overcome the interference and the
weight of the casing (not shown) carried by the hanger 10. Sufficient friction exists between the
activation ring 26 and the hanger 10 to cause the ring 26 to move upward sufficiently for the tag
shoulder 24 on the ring 26 to lift off from the tag shoulder 22 on the housing load ring 18. Upward

movement of the ring 26 also causes the upper surface of the ring 26 to contact the hanger load ring
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an upward facing tag shoulder fornmed on an interior surface of the |oad
ring of the housing; and an activation ring nounted to the hanger
bel ow the load ring, the activation ring having a dowward facing tag

shoul der that engages the upward facing tag shoulder on the load ring while
the hanger is being lowered into the well, stopping dowward novenent of
the activation ring and the load ring, the continued downward novenent of
the hanger relative to the activation ring causing the load ring on the

hangen2tafd MRt 6F thd¥@p&sPHIARK: POST thé BdusARdoddtinfkomst AGtshawih th Fi?ﬂe soagher i NQ
on the housing; wherein, the activation ring has a hook forned on a

| ower cfﬁﬂ[gg }i]at(r;ﬁg%g 191 s rgﬁgé}{%rﬁﬁﬁﬂmgw&pd %ﬂ?ﬁ)ggﬁcﬁf?&erﬂ] Orq){hett%g:aﬁgg&faﬂl i zi ng

ring, fromthe centralizing ring séngaging fromt on the

i vati ' wh h d faci ' h ral i zi [
encoultere erEch doRemsioRs SMhand st POt P RrBe snieie bRdra aci ng
tag shoul der. 8. The assenbly according to claim®6, further conprisjng:

a ret éﬂcxm relatiiseto theabore ekify &' theehangen VAtninyes g heoraissd fn fthys

novenent therewith until the tag shoul ders engage each other. 9. The
ass emgmpoém@orr, djeﬁgngqy leadaing 38, enpgprmtass mdownward sloping surface 116 along which the

load ring 18 begins to move radially inward as it contracts to the retracted state, as shown in Figures
5D and SE. When the hanger load ring 32 is completely retracted and retained within a pocket 120
(Figure SE) formed on the exterior of the casing hanger 10, the hook 92 of the finger 52 is also
aligned with hook 94 of the activation ring 26 and the casing hanger 10, together with the
centralizing ring 50, activation ring 26, and housing load ring 32, may be retrieved from the wellhead

housing 12.

[0023] In an alternative embodiment shown in Figure 6, a centralizing ring 140 may be have a collet
finger arrangement, with a plurality of fingers 144 having a common lower end 142. The lower end
142 of the centralizing ring 140 has bolt holes 146 around the circumference to allow fastening to the
hanger 10 (Figure 1). The spring effect in this embodiment may also be generated by a fulcrum 148

acting to cantilever an upper portion 150 of the fingers 144.

[0024] The invention has significant advantages. Premature activation of the activation ring is
prevented by the preventing disengagement of the hook on the fingers until the correct diameter of

within the wellhead housing is reached. Costly re-installation of the casing hanger is thus limited.

[0025] While the invention has been 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 susceptible to various changes without departing from

the scope of the invention.
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di sengagenent of the hooks allows further downward novenent of the hanger
to shear the retaining nenber and al |l ow hanger to nove downward relative to
the activation ring. 10. The assenbly according to claiml, wherein:

at | east one of upward facing | oad shoul der conprises a plurality of upward

facing | oad shoul ders; and at | east one of downward facing | oad
shoul der conprises a plurality of dowward facing | oad shoul ders. 11. A
subsea wel | head assenbly, conprising: a housing having a bore

cont ai@jafigs:at | east one conical generally upward facing | oad shoul der that
inclines relative to an axis of the bore;

1. A subsea wellhead assembly, comprising:

a housing having a bore containing at least one generally upward facing load shoulder;

a hanger that is lowered into the housing, the hanger having at least one downward facing
load shoulder;

a load ring having an upward facing shoulder that slidingly engages the downward facing
load shoulder of the hanger and a downward facing shoulder that transfers load to the upward
facing load shoulder of the housing, wherein the load ring is carried by the hanger for movement
between a retracted position, wherein the downward facing load shoulder is spaced radially
inward from the upward facing load shoulder of the housing, and an expanded position wherein
the downward facing load shoulder is in load transfer engagement with the upward facing load
shoulder;

a centralizing ring fastened to the hanger below the load ring and having an outward
facing portion that contacts the bore of the wellhead housing; and

a hook formed at an upper end of the centralizing ring that exerts an outward force that
delays the load ring from moving into the expanded position until the the centralizing ring is

compressed by a desired portion of the housing.

2. The assembly according to claim 1, wherein the centralizing ring comprises a plurality of
fingers having a lower end fastened to the hanger and the hook is formed on a top end of the
finger, the finger having an inward facing protrusion that contacts an outer surface of the hanger

to create an outward force on the top end of the finger when the hook is restrained.

3. The assembly according to claim 1, wherein the upward facing load shoulder of the
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a hanger that is lowered into the housing, the hanger having at |east one
coni cal downward facing | oad shoulder that inclines relative to the axis of

t he bore; a load ring supported by the upward facing | oad shoul der on
t he bore having a generally upward facing shoulder for transferring a | oad
fromthe hanger to the housing; a split load ring having an upward

facing shoul der that slidingly engages the downward facing | oad shoul der of
t he hanger and a downward facing shoul der that slidingly engages the upward

f aci ngoadiguhaeriagtr fabal Wididthah B @vniWhgd f&@iﬁ%ilw,shwﬁl%ﬁif'ﬂhé k@gapl it | oad
ring is carried by the hanger for novenent between a retracted position,

wherein the downward facing | oad shoulder is spaced radially inward from

t he upward facing | oad shoul der of the housing, and an expanded position
wherein the downward facing | oad shoulder is in engagenment with the upward
f aci nd. sholUhdessemblytaeeortimgdo claing 1 dfiarthéreompuisinpy; a centralizing ring
fastened to the hanger below the split load ring and havi ng an outward

facing protrusion . that, contacts the bgre of e _wel | head housi ng; a
hook forneanﬁ?wﬂﬂfﬂﬂﬁ%?géﬂﬁﬁ%?%Fﬁggééﬁ?ﬁﬁﬁvyﬁﬁbh?Fﬁﬁ’?ﬁ%t exerts an outward
force that delays the split load ring fromnoving into the expanded

posi tion uA® petiveten Hrgpmewipdle the hengsr balew tha load e, therstissiauinediaying a

reduction in a dianeter of the bore of the housing;
downward facing tag shoulder that engages the upward facing tag shoulder while the hanger is

being lowered into the well, stopping downward movement of the activation ring and the load
ring, the continued downward movement of the hanger relative to the activation ring causing the
load ring to move to the expanded position; wherein,

the activation ring has a hook formed on a lower end that engages the hook formed on the
upper end of the centralizing ring, the hook from the centralizing ring disengaging from the hook
on the activation ring when the outward facing protrusion on the centralizing ring encounters the

reduction in a diameter of the bore below the upward facing tag shoulder.

5. The assembly according to claim 4, further comprising:

a retaining member that secures the activation ring to the hanger for movement therewith

until the tag shoulders engage each other.

6. The assembly according to claim 5, wherein:

disengagement of the hooks allows further downward movement of the hanger to shear

the retaining member and allow hanger to move downward relative to the activation ring.
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an upward facing tag shoulder fornmed on an interior surface of the |oad
ring of the housing; and an activation ring nounted to the hanger
bel ow the load ring, the activation ring having a dowward facing tag

shoul der that engages the upward facing tag shoulder on the load ring while
the hanger is being lowered into the well, stopping dowward novenent of
the activation ring and the load ring, the continued downward novenent of
the hanger relative to the activation ring causing the load ring on the

hanger7.t o nmeasiethbllgcexipad iR as flrhencomising: contact with the load ring
on the housing; wherein, the activation ring has a hook forned on a

| ower end that engages the hook forned on the upper end of the centralizing
ring, the rHdewd fingyapparedclarthe upward deping lnad ehoskdegamythsdorehavingriezeRedlly on t he
activation ring when the outward facing protrusion on the centralizing ring
encounipevasd fakimgrsboluddrifarslidmgangigemetiewitipthetdowniyerdefatiag shwuldee ofifhedead f aci ng
tag shoul der. 12. The assenbly according to claim 11, wherein the

Centraﬁﬂcfzibﬂﬂax’fsifd?ﬁngl@mﬂiﬁ%ﬂﬁth@hﬁﬂg&fﬁ%hé Howingt i ngers having a | ower end
fastened to the hanger and the hook is fornmed on a top end of the finger,
the finger having an inward facing protrusion that contacts an outer
surface of an@waEhigeps tag shpdderdompednnandp@grippusiaceef the ad gpg ehtheof t he
finger when the hook is restrained. housing has a larger radial w dth than
t he ddwmwagihnflaci ng | oad shoul der of the hanger.

an activation ring mounted to the hanger below the load ring, the activation ring having a
downward facing tag shoulder that engages the upward facing tag shoulder on the load ring while
the hanger is being lowered into the well, stopping downward movement of the activation ring
and the load ring, the continued downward movement of the hanger relative to the activation ring
causing the load ring on the hanger to move to the expanded position and in contact with the load
ring on the housing; wherein,

the activation ring has a hook formed on a lower end that engages the hook formed on the
upper end of the centralizing ring, the hook from the centralizing ring disengaging from the hook
on the activation ring when the outward facing protrusion on the centralizing ring encounters the

reduction in a diameter of the bore below the upward facing tag shoulder.

8. The assembly according to claim 6, further comprising:

a retaining member that secures the activation ring to the hanger for movement therewith

until the tag shoulders engage each other.

9. The assembly according to claim 8, wherein:
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14. The assenbly according to claimll, further conprising: a
retaining nmenber that secures the activation ring to the hanger for
novenent therewith until the tag shoul ders engage each other. 15. The
assenbly according to claim 14, wherein: di sengagenent of the hooks
all ows further downward novement of the hanger to shear the retaining
menber and al | ow hanger to nove downward relative to the activation ring.

16. The assenbly according to claimli, wherein: at | east one of
upwar d f acidisgndagaetdtedRokCAMWs fB@ker dohuhial hdvenht dnehshgbaishearl oad
shoul ders; and at | east one of downward facing | oad shoul der

CONr igERtatiRy Mebbil hdAoN MANRHmbac iR L8 %1RRRYS AR R tivation ring.

10.  The assembly according to claim 1, wherein:

at least one of upward facing load shoulder comprises a plurality of upward facing load
shoulders; and
at least one of downward facing load shoulder comprises a plurality of downward facing

load shoulders.

11. A subsea wellhead assembly, comprising:

a housing having a bore containing at least one conical generally upward facing load
shoulder that inclines relative to an axis of the bore;

a hanger that is lowered into the housing, the hanger having at least one conical
downward facing load shoulder that inclines relative to the axis of the bore;

a load ring supported by the upward facing load shoulder on the bore having a generally
upward facing shoulder for transferring a load from the hanger to the housing;

a split load ring having an upward facing shoulder that slidingly engages the downward
facing load shoulder of the hanger and a downward facing shoulder that slidingly engages the
upward facing shoulder of the load ring on the housing, wherein the split load ring is carried by
the hanger for movement between a retracted position, wherein the downward facing load
shoulder is spaced radially inward from the upward facing load shoulder of the housing, and an

expanded position wherein the downward facing load shoulder is in engagement with the upward

-15-



17. A method for installing a subsea well head assenbly, conprising:
provi di ng a housi ng having a bore containing at | east one conical generally
upward facing | oad shoulder that inclines relative to an axis of the bore;

| owering a hanger into the housing, the hanger having at | east one coni cal
downward facing | oad shoulder that inclines relative to the axis of the
bore; del ayi ng radi al outward novenent of a split load ring carried
on the hanger until the hanger is lowered to the desired position within

t he homsihgshouldeebEthB 1dad ingRhithe hdllgl | Ng noves between a retracted and
expanded position; and urging the split load ring outward to the

cepand Dok AOMA AR AL ARSI 19 e ka1
domm%gngr Srlo?ﬁlisi\él? tt;[aPC()a}lrt]acts the bore of the wellhead housing;

a hook formed at an upper end of the centralizing ring that exerts an outward force that
delays the split load ring from moving into the expanded position until the protrusion on the
centralizing ring encounters a reduction in a diameter of the bore of the housing;

an upward facing tag shoulder formed on an interior surface of the load ring of the
housing; and

an activation ring mounted to the hanger below the load ring, the activation ring having a
downward facing tag shoulder that engages the upward facing tag shoulder on the load ring while
the hanger is being lowered into the well, stopping downward movement of the activation ring
and the load ring, the continued downward movement of the hanger relative to the activation ring
causing the load ring on the hanger to move to the expanded position and in contact with the load
ring on the housing; wherein,

the activation ring has a hook formed on a lower end that engages the hook formed on the
upper end of the centralizing ring, the hook from the centralizing ring disengaging from the hook

on the activation ring when the outward facing protrusion on the centralizing ring encounters the

reduction in a diameter of the bore below the upward facing tag shoulder.

12. The assembly according to claim 11, wherein the centralizing ring comprises a plurality
of fingers having a lower end fastened to the hanger and the hook is formed on a top end of the
finger, the finger having an inward facing protrusion that contacts an outer surface of the hanger

to create an outward force on the top end of the finger when the hook is restrained.
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activation ring, wherein the activation ring has a tag shoul der that
contacts an upward facing tag shoulder in the bore of the housing to
prevent downward novenent of the activation ring and the split |oad ring.
19. The method of claim 18, wherein, the split load ring has an
upward facing shoulder that slidingly engages the downward facing | oad
shoul der of the hanger and a downward faci ng shoul der that slidingly
engages the upward facing | oad shoul der of the housing, wherein the | oad
ring is carried by the hanger for novenent between the retracted position,
wherein the downward facing | oad shoul der is spaced radially inward from
the upward facing |oad shoul der of the housing, t he expanded position
wher eils- t hd hademsikicrcrerdingdo clsie | snvhareia the wpwagd fas@za l?qdéhgwléa’or Ailgagement
with the upward facing | oad shoulder; a centralizing ring fastened to the
hangerhobsihghastalergeptadial vishial thah igg @vdlmad/fanglgéwd@hw\ldembf thicalwngey. pr ot r usi on
contacts the bore of the wellhead housing; and a hook formed at an
upper end of the centralizing ring that exerts an outward force that del ays
the split load ring frommnoving into the expanded position until the
protrusion on the centralizing ring encounters a reduction in a dianeter of

the baue OfTht B&eMBYSICBEding to claim 11, further comprising:

a retaining member that secures the activation ring to the hanger for movement therewith

until the tag shoulders engage each other.

15.  The assembly according to claim 14, wherein:

disengagement of the hooks allows further downward movement of the hanger to shear

the retaining member and allow hanger to move downward relative to the activation ring.

16.  The assembly according to claim 11, wherein:

at least one of upward facing load shoulder comprises a plurality of upward facing load
shoulders; and
at least one of downward facing load shoulder comprises a plurality of downward facing

load shoulders.

17. A method for installing a subsea wellhead assembly, comprising:

providing a housing having a bore containing at least one conical generally upward facing

load shoulder that inclines relative to an axis of the bore;
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20. The nethod of claim 17, wherein an upward force is applied to the hanger
when set, to overcone the | oad on the hanger, unset the hanger, and
retrieve the hanger.

lowering a hanger into the housing, the hanger having at least one conical downward
facing load shoulder that inclines relative to the axis of the bore;

delaying radial outward movement of a split load ring carried on the hanger until the
hanger is lowered to the desired position within the housing, wherein the split load ring moves
between a retracted and expanded position; and

urging the split load ring outward to the expanded position to allow load from casing

hanger to be transferred to the housing.

18.  The method of claim 17, further comprising moving the hanger downward relative to an
activation ring, wherein the activation ring has a tag shoulder that contacts an upward facing tag
shoulder in the bore of the housing to prevent downward movement of the activation ring and the

split load ring.

19. The method of claim 18, wherein,

the split load ring has an upward facing shoulder that slidingly engages the downward
facing load shoulder of the hanger and a downward facing shoulder that slidingly engages the
upward facing load shoulder of the housing, wherein the load ring is carried by the hanger for
movement between the retracted position, wherein the downward facing load shoulder is spaced
radially inward from the upward facing load shoulder of the housing, and the expanded position
wherein the downward facing load shoulder is in load transfer engagement with the upward

facing load shoulder;

a centralizing ring fastened to the hanger below the split load ring and having an outward
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facing protrusion contacts the bore of the wellhead housing; and

a hook formed at an upper end of the centralizing ring that exerts an outward force that
delays the split load ring from moving into the expanded position until the protrusion on the

centralizing ring encounters a reduction in a diameter of the bore of the housing.

20.  The method of claim 17, wherein an upward force is applied to the hanger when set, to

overcome the load on the hanger, unset the hanger, and retrieve the hanger.
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