SUBSEA WELLHEAD KEYLESS ANTI-ROTATION DEVICE Field of the invention This
invention relates in general to subsea well drilling, and in particular to a means for preventing
an inner wellhead housing from rotating thin a conductor or an outer wellhead housing when
secured to the lower end of a riser that is suspended from a drilling vessel. Description of the
Related Art 100011 Many subsea wells are drilled by first drilling a large diameter hole, then
installing a string of conductor pipe, which has an outer wellhead housing secured to the
upper end. Then, the operator drills the well to a greater depth and installs a first string of
casing. An inner welltsdE3SkoAI 3VIgL JeHl A D R A Ui AT - AR OBASTHONAI BRSO and lands
within the outer wellhead housing. The operator will then drill the well to a further depth.
Typically during drilling a riser extends from the inner wellhead housing to the drilling vessel.
M0021 AFikidtiddhirillingmvissel can cause rotational forces on the i-iser. Normally, the rotation
is resisted by frictional engagement of the landing shoulders of the inner wellhead housing
and the outer wellhb&drveusgimgelittes rottioraltfordesis high dbughtd capseithkitnameans for
wellhead housing to begin to rotate within the outer wellhead housing, one of the easing joints
below tharfysetingeitheae helbivg boulihgtaentoataisy evithoausimg & sedousqtobieith &0003ding
To address this potential problem, anti-rotation mechanisms such as keys and slots between
inner and/btieewEdthsadhiovsingahds isenthyllizsdstdodeshonhisiabpmectdias required
that intricate patterns be machlned in the inner bore of the outer wellhead housing, also called
atedguite restrictions, machining the inner bore is difficult and

[0001] Many subsea wells are drilled by first drilling a large diameter hole, then installing a string
of conductor pipe, which has an outer wellhead housing secured to the upper end. Then, the operator
drills the well to a greater depth and installs a first string of casing. An inner wellhead housing
secures to the upper end of the string of casing and lands within the outer wellhead housing. The
operator will then drill the well to a further depth. Typically during drilling a riser extends from the
inner wellhead housing to the drilling vessel.

[0002] A floating drilling vessel can cause rotational forces on the riser. Normally, the rotation is
resisted by frictional engagement of the landing shoulders of the inner wellhead housing and the
outer wellhead housing. If the rotational force is high enough to cause the inner wellhead housing to
begin to rotate within the outer wellhead housing, one of the casing joints below the inner wellhead
housing could start to unscrew, causing a serious problem.

[0003] To address this potential problem, anti-rotation mechanisms such as keys and slots between
inner and outer wellhead housings has been utilized. However, this approach has required that
intricate patterns be machined in the inner bore of the outer wellhead housing, also called a low

pressure housing. Due to space restrictions, machining the inner bore is difficult and time



consuming. In addition, the keys and slots may fail to engage as alignment is required for their
engagement. [0004] A technique is desired that addresses the rotational pmblems in risers.
The technique would desirably be less difficult and less time consuming than previous

attempts to remedy the riser problems described above. SUMMARY OF THE INVENTION
10005] In an embodiment of the invention, an anti-rotation device is provided to prevent an
inner wellhead housing from rotating within an outer wellhead housing. The anti-rotation

device conmprisexsat leadtivie,ahti-kojatiodallcamegllkill ot ateddoetwdemihainneccama d livetheir
welihead housing. In an example embodiment, an outer surface of the inner wellhead housing
has a seriesigdptanar outer surface sections disposed circumferentially around the outer
surface of the inner wellhead housing. The outer wellhead housing has a cylindrical surface
opposite|60tHE planbniquees deitioribahihiecinnethweltheadh houblag.s A plsmalityTeftcamimpibersuld
are circumferentially spaced apart around the inner wellhead housing and face outward to
come in demtatdtyvbithi ¢he diffindticalihemsrisudfacesofithe dorerpreiibead ttousing. Thecdanhe riser
rollers are retained within a recess formed on the outer surface of the inner wellhead housing.
In one embbiiimedtsdhberbilersemay initially be held in place by a shear pin that breaks off in
response to rotation, When the inner wellhead housing begins to experience rotation, the

roller will travel to a gap of decreasing size defined by the opposing surfaces of the inner
wellhead housing and the cylindrical inner surface of the outer wellhead housing, thereby
arresting the rotational movement SIUNEVIAR X\ ) KNG WNin the first 3 degrees of
rotation. The control of rotational resistance may be control led be varying the number of
anti-rotatif&l devices)tsdcmen théhsanyeotiers an @6 toTteirimtion pevahtddeotsiynt an inner
eliminates the need to machine intricate patterns in the inner bore of the outer wellhead
housing (ol gaédumentgotisinglolaisneaditnny an siwfple eslibehdchpborg is ihaadtinat@ipmedevice
bore of the outer wellhead housing, which is relatively easy to do. The detailed or intricate
machinirgniptisas dolsesbanhagitetasignaceast el ehéopatrs hrdtisemdhsonsmgdighiisresslihead

housing), which can be done much quicker and easier than machining on the inside of a bore
of the outewsivgliHead breumigembodiment, an outer surface of the inner wellhead housing has a series of

planar outer surface sections disposed circumferentially around the outer surface of the inner
wellhead housing. The outer wellhead housing has a cylindrical surface opposite of the planar outer
sections of the inner wellhead housing. A plurality of cam rollers are circumferentially spaced apart
around the inner wellhead housing and face outward to come in contact with the cylindrical inner
surface of the outer wellhead housing. The cam rollers are retained within a recess formed on the
outer surface of the inner wellhead housing. In one embodiment, the rollers may initially be held in
place by a shear pin that breaks off in response to rotation. When the inner wellhead housing begins
to experience rotation, the roller will travel to a gap of decreasing size defined by the opposing
surfaces of the inner wellhead housing and the cylindrical inner surface of the outer wellhead
housing, thereby arresting the rotational movement of the inner wellhead housing within the first 3
degrees of rotation. The control of rotational resistance may be controlled be varying the number of

anti-rotational devices, such as the cam rollers,



100071 Alternatively, spheres may be used instead of rollers, and springs could be used to
initially hold the cam or sphere in place rather than a shear pin. In a further alternative, the
rollers could be replaced by devices that exert an equalizing force upon rotation to resist such
rotation. BRIEF DESCRIPTION OF THE DRAWINGS 100081 Figure 1 is a sectional

elevation view of wellhead system constructed in accordance with this invention. 100091
Figure 2 is a top sectional detail view of the anti-rotational mechanism of the wellhead system
of Figurel@00@O0lio:1i FiguiterGily ant apctarg pdl sideasadliomat didendevinofiaidente ralierof iththe inner
anti-rotational mechanism of Figure 2. 100111 Figure 4 is a top sectional detail view of the
anti-rotatbonad hlechenisne bfcribures 3¢ ken Eiowgr the liriegd-dnsfoRigury 3 siamdshdindriba bore is
inner wellhead housing prior to rotation. [00121 Figure 5 is a top sectional detail view of the
anti-rotatiomal mdbh anisrh ot Pigheo BankeHhalship tinfinehch st etigindy3aanth shoWiettietailed or
inner wellhead housing after slight rotation.

intricate machining is thus done on the outer surface of the the inner wellhead housing (high pressure
housing), which can be done much quicker and easier than machining on the inside of a bore of the
outer wellhead housing.

[0007] Alternatively, spheres may be used instead of rollers, and springs could be used to initially

hold the cam or sphere in place rather than a shear pin. In a further alternative, the rollers could be

replaced by devices that exert an equalizing force upon rotation to resist such rotation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1 is a sectional elevation view of wellhead system constructed in accordance with this
invention.

[0009] Figure 2 is a top sectional detail view of the anti-rotational mechanism of the wellhead
system of Figure 1.

[0010] Figure 3 is an enlarged side sectional side view of a cam roller of the anti-rotational
mechanism of Figure 2.

[0011] Figure 4 is a top sectional detail view of the anti-rotational mechanism of Figure 3 taken
along the line 4-4 of Figure 3, and shows the inner wellhead housing prior to rotation.

[0012] Figure 5 is a top sectional detail view of the anti-rotational mechanism of Figure 3 taken
along the line 4-4 of Figure 3, and shows the inner wellhead housing after slight rotation.

[0013] Figure 6 is an enlarged sectional side view of an alternative embodiment of an anti-rotational

mechanism with a flex lip in accordance with this invention.



10013] Figure 6 is an enlarged sectional side view of an alternative embodiment of an
anti-rotational mechanism with a flex lip in accordance with this invention. 10014] Figure 7 is
a top sectional detail view of the anti-rotational mechanism of Figure 6 taken along the line 7-7
of Figure 6, and shows the inner wellhead housing prior to rotation. 100151 F gure 8 is a top
sectional detail view of the anti-rotational mechanism of Figure 6 taken along the line 7-7 of
Figure 6, and shows the inner wellhead housing after slight rotation. 100161 Figure 9 is a top
sectionall6@tdil FigweoT the antiswotatiohdkemiéchanisfiiof the-weliheat syshensof Fidligert itken
the alternative device of Figure 6. 10017] Figure 10 is a top sectional detail view of the
anti-rotatiders tnebhaiidmidfigecvteling sibsyennotFigrilecadvhithsspripiger forrotsttening cam
rollers of Figure 2.

[0015] Figure 8 is a top sectional detail view of the anti-rotational mechanism of Figure 6 taken

along the line 7-7 of Figure 6, and shows the inner wellhead housing after slight rotation.

[0016] Figure 9 is a top sectional detail view of the anti-rotational mechanism of the wellhead
system of Figure 1 with the alternative device of Figure 6.

[0017] Figure 10 is a top sectional detail view of the anti-rotational mechanism of the wellhead

system of Figure 1 with springs for centering cam rollers of Figure 2.



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 100181 Referring to

FIG. 1, an outer wellhead housing 10 is shown in a side sectional view that may be installed at
the sea floor. Outer wellhead housing 10 is a large tubular member secured to a string of
conductor pipe or casing (not shown) that extends into the well where it is cemented in place.
Outer wellhead housing 10 has an axial bore 14. In this embodiment, two tapered, axially
spaced apart landing shoulders 12 are located in the bore 14 in the outer wellhead housing

10. 10019] An inner wellhead housing 20 is shown installed within the outer wellhead housing
10. The inner wellhead housing 20 may have a threaded upper end 22 that may allow
connection to a rubkiig XbEIBESARYRYL [TTe Gipardd PR RRAIAEM BQDIMEXDE 14 of
the outer wellhead housing provide an interference fit with an outer profile of the inner

wellhead ¢O8iRg RO1itg prélent fanthetedowifiveadd onsvgrh@ntshbtheiinnedovelitieas hiousihg may
20. The inner wellhead housing 20 may be rated for higher pressures than the outer wellhead
housing boinAtidedrtendsed fhrner Geltheat lvadsing2g securés o tatstingiahibasiagifodto a string
shown) which extends into the well and is cemented in place. An upper end of the inner
wellhead hoosingt@0pmaybersiogriectetideg dtrnexafidséntindicshelvwhevhichsmay@tend place.
upward to a drilling vessel to thereby allow access to the inner wellhead housing 20 from the
vessel. Thednwet hreliheadig udimg 20 hasiarmextdrnial tiovenvbadiniacingvodmpeatdaadiaity spaced
shoulder 21. The landing shoulder 21 mates with and is supported by an upward-facing
landing shatiided 28 fbaviddron2hesihteriot suttiaberof ithendhteryee the Bt dddusisig gl 00.The inner
wellhead housing 20 has mating shoulders 25 that engage the tapered shoulders 12 on the
outer w8 Ao using el hedging Gotibewo provitd anthmehferernceyfitlhaadiboatityeof0. The
spring biased latches 26 may be carried on the inner wellhead housing 12 which can snap
outwarditnenygdisatbove2 thnaay bpper bnehdddoppouted Sdrfagenef tp weradet ioretairinning
inner wellhead housing 20 in outer wellhead housing 10. [0020] Continuing to refer to Figure
1, a plurtgity(opasitovotatibhalspect dmiging 4@uldeshtvin positiondd betwesriahedilierd housing
wellhead housing 10 and the inner wellhead housing 20 to prevent rotation of the inner
wellheadagidsing REeréksive fid wth cntevtovgihEidofitsimeel G cieadhdusogtidtopechaniSmber
40 are circumferentially spaced apart around the inner wellhead housing 20, and shown
betweersioha wiedtaos caebshefUilda rmarvidthved lonising Do rétidrokethvecBiked brakfe) hoydiagted
10. Alternatively, the anti-rotation mechanism may he formed on the bore 14 of' the outer
wellheaébhbighiergroswrstehanchonutse wehibeaddithsag: h6ugingvag erkbolitdeReféliriag boigu20
2, a sectional view of the embodiment of Figure 1 is shown taken along lines 2-2. As shown,
the outeicswiateaofiting pirresiheusingRoviv profitecxigitdsimittiiie whihandidikenpotieis glace. An
whose cross section forms planar surfaces on the outer surface of the inner housing 20.
Becaustnp@ patefithdasngenerdibeadioonangRé pooketsampattdiho seiringistuisar $peichs wetwberh
the planar surfaces and the outer housing 10. An anti-rotational mechanism 40 is shown set
within el poeréra ard thislethbedirsrshto dzashbarlilevtationatatechaersrellhgad hweang 20Iferm
41 retained within the pocket or recess 42 formed on the inner wellhead housing 20. The roller
41 can fofl sl theciespewtlibosdtiassis H Mhesorexteanahdh terorddroivel vedet Houdings i@l der
Each pocket 42 has a width that provides sufficient clearance for the roller 41 to roll. Further,
each pddketligdiaginberisierad gengamifiterndotionepieritbbyeneraiyrdifoalng brodssdutiddeo?3
the inner wellhead housing 20, as well as the bore 14 of the outer wellhead housing 10. The
geometiyrarethenpoekiedor sreiresoh threedingvaldtion! betwiaer thd bamormsies] ht ko thimpdekes
42, with the curvature of the bore | 4 and the flat surface of the pocket 42 resulting in
maximunslalaarizadders st Hiplaereasid o tiprrast sheubdsekd4m dhe dirpinistinepdhensn e tigenof
the pocket 42. [0022] Referring to Figures 3-5, in this embodiment, each cam roller 41 may
initially wedgilg dgtion to provide an interference fit. A plurality of spring biased latches 26 may be carried

on the inner wellhead housing 12 which can snap outward to engage groove 28 in an upper end of the

outer surface of the bore 14 to retain inner wellhead housing 20 in outer wellhead housing 10.



place at the middle portion of the pocket 42 by a shear pin 46 that is attached to the inner
wellhead housing 20. Figure 3, which is taken along lines 3-3 from Figure 2, illustrates in a
side sectional view an example embodiment of a cam roller 41 made up of a cylindrical body
44 with a passage 45 formed through the body 44 for receiving the shear pin 46. The

passage 45 is substantially perpendicular to an axis of the body 44 and is enlarged on an end
for receiving a larger diameter section of the shear pin 46. The passage 45 is shown
registerin@62ith @sloni8gaomefdincaigiton, suplacdiof tHeypocketiéRaamaethauhicts 40 erdsbbwn
the shear pin 46 protrudes. In an example embodiment, the shear pin 46 prevents the cam
roller 41 fremtivotihtcamecfatlingaut detlhepihbtalatio hoafithehinmacweteead housing) 220t0Tievent
shear pin 46 can break off in response to limited rotation once the inner wellhead housing 20

is installedtafiterf theiimee maldikwdad irousty Qa@ive titketouexpalibpathosition Geldthantiortition
outer wellhead housing 10, the roller 41 can roll along the respective surfaces of the pocket

42 and outerhwekimedd freusingriorehtitinasrelcof tipertolieyndiitlis limitedclitaihhpisispaOeanherewn
the distance between the bottom surface of the pocket and inner surface of the outer housing
10 is les$thasethdaismateetlthenbies 42. Thisdistathcebespéfiondes euthscrediiag iusing 10.
defined by the curvature of the bore 14 and the flat surface of the pocket 42. In the example
embodimlttroftBiglysabe thitirodletidl inashrairoh ks hechimedvietbetherdistaptépetieerdhiecad
bottom surface of the pocket 42 and inner surface of the outer housing 10 is less than the
diameterhof e rillersterdtheomther innch evsdiied Watiged2Between the inner and outer housings
10, 20, thereby wresting the rotational movement of the inner wellhead housing 20 with

respect tR&]oReéervied| FeBigWodsmerdidmal sisverdthpleediodinteht  gotatlonahenoyiskertlons
the inner wel mead housing 20 is limited to within approximately three degrees of rotation, as
shown inlipgy@rds Asthe 8o, Thewsetrolfoteofatio maladxistame e0nay Gfd abritrb e e diging! like
the number of anti-rotational devices 40 disposed between the inner and outer wellhead
housing9ocketd2 [ooEs Lipsasrelieriarive ManpotHfsss Iube atder mRga g gmgn housing 20.
anti-rotational mechanism 60 is shown positioned between the outer wellhead housing 10 and
the inneBrediedbervusitd i3 @eocsiystiretttioho peskdser WEnsssRhoEHY Smretdipiwen the
the outer wellhead housing 10. Similarly to the previously described embodiment, a plurality of
anti-rotatiimangssirosisimd B0 enky vsredMidre ataifpspaetidnsehrniarp dA dsHio woast wishivesgh
housing 10 and between the two tapered shoulders 12 (Figure 1) formed on the bore 14 of the
outer welbrketiRousithis sobréifapihgachrijirelsionahrcehapisalMeiftatibinlis 4 sigiipsdrithin
sectional view, the anti-rotational mechanism 60 is disposed within a pocket or recess 63
formed dhetheckfier vrshpredd honesden2be Tmerarelbsadierisingeohatiishr B il ool onsgthe
a spring 61, that in an example embodiment may he made from a metallic material. Referring
now to Figirstivevkisfacase biie-hotatidhaichiee paisisie Bocrs! depiited th dahreresad sy agyilth
spring 61 has a middle portion that is generally aligned with the opposing surfaces of the inner
and outeh¥dusiviges10 2o e slraieneg oo thoppssity l@rf@élofFﬂH‘é'Eﬁwfé@ porksh Bt biglefired by
angles are a pair of legs 62 that taper to a point 64, which engages the bore 12 of the outer
wellheadeheerdiahinGrPREgHs cRehGaepaEIlY KEgRRtKERSS TR Surcianfr aedsad d pgpiire20: as
spring 61. lllustrated in the example of Figure 8, as the inner wellhead housing 20 rotates, the
leg 62 flasedlsasribeibery ddvay therpviise adoentitinam e il hsezensetio P biioRards! 43 creates a
illustrated by arrow A. By flexing, the leg 62 exerts a force on the bore 12 via the leg point 64
to counteiesRitsasBeativasardsy e selieiy thefohainiichisyaribrbortnatimisal Wsiprigd 4 and
housing 20. In the example of Figure 8, the rotational movement is arrested to within \
approxiristdigl sdeceef the & e tARiors Ul et B r s atans BEsHBRARb At BesiRdR]iéhe
portion of the spring 61 at one end and fastens to a corresponding recess 66 formed within

the pocisckd. Pradiding gt itreclseay B thegmdahtately at a middle portion of the pocket

and the recess 66 provides a reaction point for the o .
[0022] Referring to Figures 3-5, in this embodiment, each cam roller 41 may initially be held in

place at the middle portion of the pocket 42 by a shear pin 46 that is attached to the inner wellhead



leg 64 being compressed during rotation to exert the counteracting three. In this embodiment,
the plurality of springs 61 can act together, as shown in Figure 9, to exert counteracting

threes. 100241 In another embodiment illustrated in Figure 10, a cam roller 70 is arranged in

a similar fashion to device 40 illustrated in Figure 1 with the exception of how it is retained. In
this embodiment, the cam roller 70 is positioned between the outer wellhead housing 10 and
the inner wellhead housing 20 to prevent rotation of the inner wellhead housing 20 relative to
the outer'@dihgdd. hbigsireg 1@ hiche cakenclleng LocsrdTificumierertial iy spatediapaitiassational
the inner wellhead housing 20. The mechanism 40 is engaged to a pocket 73 and the bore 14
of the outé@walipreaePoushgitenForthemealder dboketely hbs o lypbradibpdhidt iw dimitassage 45
that described in a prior embodiment in Figure 2, which is defined by tangential interruptions

in the gelsatagy ireuglr BrosededtiotvofatrvimsethweshheatihaldsingRopamebytthés bokstantially
ofthe outer wellhead housing 10. The geometry of the pocket 74 creates a wedging action
between#eangiti telksy FoazHdofaperket T andvithetHereeshvatarecod dos tsepey g anerghe diameter
surface of the pocket 74 result in maximum clearance existing at amid-portion of the pocket

74 and difflfEHIhG atisaeRiedge bhenaysackad Tasipachresinerolbyth askyt fitfamestinalboitom
place at the middle portion of the pocket 74 by a spring 72 that is installed along the pocket 74
on the intéRGfeRhdbRl PrsssirtE2mdrinevdteh ol erd Oimbs Hewopinetterreipptesimiteip sremeple
middle of the spring 72. The spring 72 prevents the cam roller 70 from rolling and falling out
during indpRrstissmis the shrer bieiHearrousity zemmrdlepAhdirmistibracaddalbngeoteluring
inner wellhead housing 20 is installed but will compress and extend as the inner wellhead
housing 28l 3desirssolifitenngievipitsad/bamsng Houbhs§ oy Hs o Sxgrkrih B Fepationtpdiatied
to the outer wellhead housing 10, the roller 70 will travel to the gap or pocket 74 of decreasing
size defifsd By tHecdbevangrevetisaddoising 2his wdatied s Waehsripnerpudlhsad howsiagpf begins

arresting% the rotational movement of the inner wellhead housing 20. As with the previously
0 experience rotation relative to the outer wellhead housing 10, the roller 41 can roll along the

respective surfaces of the pocket 42 and outer wellhead housing 10, but travel of the roller 41 is
limited within the space where the distance between the bottom surface of the pocket and inner
surface of the outer housing 10 is less than the diameter of the roller 41. This distance experiences a
decreasing size defined by the curvature of the bore 14 and the flat surface of the pocket 42. In the
example embodiment of Figure 5, the roller 41 has reached a location where the distance between the
bottom surface of the pocket 42 and inner surface of the outer housing 10 is less than the diameter of
the roller 41, the roller 41 becomes wedged between the inner and outer housings 10, 20, thereby
arresting the rotational movement of the inner wellhead housing 20 with respect to the outer
wellhead housing 10. In an example embodiment, rotational movement of the inner wellhead
housing 20 is limited to within approximately three degrees of rotation, as shown in Figures 4 and 5.
The control of rotational resistance may be controlled by varying the number of anti-rotational

devices 40 disposed between the inner and outer wellhead housings 20, 10.



explained embodiment shown in Figure 2, control of rotational resistance may be controlled by
varying the number of cam rollers 70 disposed between the inner and outer wellhead

housings 20, 10. 100251 This written description uses examples to disclose the invention,
including the best mode, and also to enable any person skilled in the art to practice the
invention, including making and using any devices or systems and performing any

incorporated methods. These embodiments are not intended to limit the scope of the

invention [0t38 jpktentiskaaitapanbothimanydHtigrmisdde firmdeb¢-thackimtamehmayciheluge 60 is
other examples that occur to those skilled in the art. Such other examples are intended to be
within theskewpewsitinacd artvscitHmontpyey sttiradibabsieerrvsithaiensvelditred FeosmnheOraakst
language of the claims, or if they include equivalent structural elements with insubstantial
differenceéstfism ehBitarar Meldiraddofsing Hariivap s Sta sighbseadwelsausEinsiynilarly to the
characterized by: an outer wellhead housing (10) having a bore (14) with a cylindrical portion;

an inner WESiEE hGssH§ R oy WMeHafd san rHEabdye ¢L4ydf-mEiRreMselindahotfsingay be

circumferentially spaced apart around the outer wellhead housing 10 and between the two tapered
shoulders 12 (Figure 1) formed on the bore 14 of the outer wellhead housing 10. Referring to Figure
6, in this embodiment shown in a side partial sectional view, the anti-rotational mechanism 60 is
disposed within a pocket or recess 63 formed on the inner wellhead housing 20. The anti-rotational
mechanism 60 is shown having a spring 61, that in an example embodiment may be made from a
metallic material. Referring now to Figure 7 where the anti-rotational mechanism 60 is depicted in
an overhead view, the spring 61 has a middle portion that is generally aligned with the opposing
surfaces of the inner and outer housings 10, 20. Depending from opposing ends of the middle
portion at oblique angles are a pair of legs 62 that taper to a point 64, which engages the bore 12 of
the outer wellhead housing 10. The pocket 63 has a height that provides sufficient clearance for the
spring 61. Illustrated in the example of Figure 8, as the inner wellhead housing 20 rotates, the leg 62
flexes angularly away from the middle portion and in the direction of rotation, as illustrated by arrow
A. By flexing, the leg 62 exerts a force on the bore 12 via the leg point 64 to counteract the rotation,
thereby arresting the rotational movement of the inner wellhead housing 20. In the example of
Figure &, the rotational movement is arrested to within approximately three degrees of rotation. A
retaining pin or fastener 68 connects to the middle portion of the spring 61 at one end and fastens to
a corresponding recess 66 formed within the pocket 63. The pin 68 retains the spring 61

approximately at a middle portion of the pocket and the recess 66 provides a reaction point for the



(1 0); a pocket (42) formed along an outer circumference of the inner wellhead housing (20);
and an anti-rotation assembly (40) disposed in the pocket (42) and in close contact with

an outer surface of the inner wellhead housing (20) and an inner surface (14) of the outer
wellhead housing (10) and with relative rotation of one of the inner or outer wellhead housings
(20, 10) moveable in the pocket (42) to the portion with a reduced thickness whew the
anti-rotation device is wedged between the inner and outer wellhead housings (20, 10) to
couple thiegrirercamgicoutpressetinkaickhousings ¢ 20¢d Mhe &uihhestibgdarveelliagsembbodiment, the
according to claim 1, further comprising a plurality of anti-rotation assemblies (40) spaced

apart cirqumfrgntiaiying dheasubsegatlelt, assbminlyim€oordifgttocstaimoRniwiretaip fhees.
anti-rotation assembly (40) is a cam roller (41) retained within the pocket, the cam roller (41)
being in 1638 Ielengaidenenbwithdhicl hotket{42) Dgutkel (hrecave ibigad’ B osisingn (20)iandsthelar
bore (14) of the outer wellhead housing (10), the cam roller (41) arrests the rotation of the

inner welfshachhoudaver ¢24) Whehrdtddemomesrwvédgitll thtocaneptige of hoevpodket@ayd.thn this
roller (41) to retain the roller (41) in the pocket (42), wherein the shear pin (46) fractures in
responseetebiritiation e kotatioH wfihe el wed retwieho Usirng @0y ellhead housing 10 and the inner

wellhead housing 20 to prevent rotation of the inner wellhead housing 20 relative to the outer
wellhead housing 10. The cam rollers 40 are circumferentially spaced apart around the inner
wellhead housing 20. The mechanism 40 is engaged to a pocket 73 and the bore 14 of the outer
wellhead housing 10. Further, each pocket 74 has a geometry that is similar to that described in a
prior embodiment in Figure 2, which is defined by tangential interruptions in the generally circular
cross-section of the inner wellhead housing 20, and by the bore 14 of the outer wellhead housing 10.
The geometry of the pocket 74 creates a wedging action between the cam roller 70 and the pocket
74, with the curvature of the bore 14 and the flat surface of the pocket 74 result in maximum
clearance existing at a mid-portion of the pocket 74 and diminishing at each edge of the pocket 74.
Each cam roller 70 may initially be held in place at the middle portion of the pocket 74 by a spring
72 that is installed along the pocket 74 on the inner wellhead housing 20. The cam roller 70 may be
connected approximately at the middle of the spring 72. The spring 72 prevents the cam roller 70
from rolling and falling out during installation of the inner wellhead housing 20. The spring 72 is
not needed once the inner wellhead housing 20 is installed but will compress and extend as the inner
wellhead housing 20 rotates. When the inner wellhead housing 20 begins to experience rotation
relative to the outer wellhead housing 10, the roller 70 will travel to the gap or pocket 74 of
decreasing size defined by the curvature of the bore 14 and the flat surface of the pocket 74, thereby

arresting the rotational movement of the inner wellhead housing 20. As with the previously



5. The subsea well assembly according to claim I, further comprising a spring (72) 'stalled
along the pocket (74) and retaining the roller (70) in a middle portion of the spring (72). 6. The
subsea well assembly according to claim 2, wherein the anti-rotation assembly (60) is a spring
(61) retained within the pocket (63) by a fastener (68), the spring (61) having a pair of legs
(62) extending outward to engage the bore (14) of the outer wellhead housing (10), each of
the legs (62) of the spring (61) arrest the rotation of the inner wellhead housing (20) when one
of the legsx(f2nestertbadiorest agawrsinhe hoee(ToHh thdtotounteradtsehe aatationy dicthenmpled by
wellhead housing (20). 7. The subsea well assembly according to claim 6, wherein the legs
(62) of theaprigghG)tise picarpoittc) digpake bebsen thelhassandisiyteceolidivag! o etaigs 20,
7, wherein the interface between the fastener

10.

[0025] This written description uses examples to disclose the invention, including the best mode,
and also to enable any person skilled in the art to practice the invention, including making and using
any devices or systems and performing any incorporated methods. These embodiments are not
intended to limit the scope of the invention. The patentable scope of the invention is defined by the
claims, and may include other examples that occur to those skilled in the art. Such other examples
are intended to be within the scope of the claims if they have structural elements that do not differ
from the literal language of the claims, or if they include equivalent structural elements with

insubstantial differences from the literal language of the claims.
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(68) and the pocket (63) provide a reaction point either of the legs (62) to exert the
counteracting force. 9. The subsea well assembly according to claim 1, wherein the
anti-rotation assembly (40) arrests rotation within a 3 degree rotation of the inner wellhead

housing (20).
CLAIMS

1. A subsea well assembly, characterized by:

an outer wellhead housing (10) having a bore (14) with a cylindrical portion;

an inner wellhead housing (20) which lands in the bore (14) of the outer wellhead housing
(10);

a pocket (42) formed along an outer circumference of the inner wellhead housing (20); and

an anti-rotation assembly (40) disposed in the pocket (42) and in close contact with an outer
surface of the inner wellhead housing (20) and an inner surface (14) of the outer wellhead housing
(10) and with relative rotation of one of the inner or outer wellhead housings (20, 10) moveable in
the pocket (42) to the portion with a reduced thickness where the anti-rotation device is wedged

between the inner and outer wellhead housings (20, 10) to couple the inner and outer wellhead

housings (20, 10).

2. The subsea well assembly according to claim 1, further comprising a plurality of anti-rotation

assemblies (40) spaced apart circumferentially.

3. The subsea well assembly according to claim 2, wherein the anti-rotation assembly (40) is a
cam roller (41) retained within the pocket, the cam roller (41) being in rollable engagement with the
pocket (42) on the inner wellhead housing (20) and the bore (14) of the outer wellhead housing (10),
the cam roller (41) arrests the rotation of the inner wellhead housing (20) when it becomes wedged

into an edge of the pocket (42).
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4. The subsea well assembly according to claim 3, further comprising a shear pin (46) through
the roller (41) to retain the roller (41) in the pocket (42), wherein the shear pin (46) fractures in

response to initiation of rotation of the inner wellhead housing (20).

5. The subsea well assembly according to claim 1, further comprising a spring (72)installed

along the pocket (74) and retaining the roller (70) in a middle portion of the spring (72).

6. The subsea well assembly according to claim 2, wherein the anti-rotation assembly (60) is a
spring (61) retained within the pocket (63) by a fastener (68), the spring (61) having a pair of legs
(62) extending outward to engage the bore (14) of the outer wellhead housing (10), each of the legs
(62) of the spring (61) arrest the rotation of the inner wellhead housing (20) when one of the legs

(62) exerts a force against the bore (14) that counteracts the rotation of the inner wellhead housing

(20).

7. The subsea well assembly according to claim 6, wherein the legs (62) of the spring (61) taper
to a point (64).

8. The subsea well assembly according to claim 7, wherein the interface between the fastener

(68) and the pocket (63) provide a reaction point either of the legs (62) to exert the counteracting

force.

9. The subsea well assembly according to claim 1, wherein the anti-rotation assembly (40)

arrests rotation within a 3 degree rotation of the inner wellhead housing (20).
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