v
;e3e@@TU<W j WOX6XTXx+1 220CL FIELD OF THE | NVENTI ON Thi s invention
reI ates generally to suspension systens for suspendi ng concentri czze@ﬁw
of p| pe within an oil and gas well and, nore particularly; relates
hanlﬂer or su port ng an inneriL casing string within an outer casing

strlng ateul m‘w m well and still nore particularly, but not
excl usiv g hanger systens for supporting casing strings at the

mudl i ne of thewgerean fl oor A RASERROUNPERSTON SNNENVPON Wt h the advent of
of fshore drilling in order to produce petrol eum products from production
zones | ocated beneath bodies of water, it has becone desirable to provide
casi ng hanger @é‘ stens _that are adapt ed to be positioned at or near the
bot t om ofF Iﬁ}{@ dyHEF INENTIONhese hanger systems are typically known as
mudl i ne suspensi on systens. Midline suspension systens use an outer nost
casi ng hanger Thi§ ighergios pelaids senendsntd alspgsioneystens &Urscmmfnn@cwsmtng sging$ ngs
such that their conbined weight is suspended at the nudline. This allows

t he dril lafnpipe ivgithio aopat abe gan wdbegpey nidiapaniooladly, veldter &3 aansngrhavgatesr f or
di sconnection and renoval of equi pnent above the nudline when the drilling
ri g novessubpsrtih®ae irther &dsing Gtrin@Geithirddh duterasasihf &Fingltd dnl dfffoleGeatit dn@Rtild mond1EN
the driller noves away fromthe well and subsequently re-establishes a well
drilling sefidgaty, vt wheekciukivls, :be@smglah@gef et fob h&p Tp@ftln'g'daﬁllg oPREAkE BeS.
By | ocating suspension systens at or near t e ocean floor, a tenporarily
abandonedmw@lde Fth€ sREHoYE! | does not present an obstruction that
typically i nterferes with the marine environnent. Such suspension systens

al so enabp W@Fm EafRhetfoNel | s by means of an ocean fl oor
en

conpl etlon or ext the casing to the surface for conpletion on a drilling

ship or platfogm,aj dverﬁ & Skrrore @%ﬂﬁg d&“%sgx%ﬁﬁ&t g&rdleﬁh@ﬁ}r@dugﬁ%ﬁ of

erX|b|I|ty in conple 0 en systens renders s I'ng er sys

desirabl e, l.n nudline nsi centric gas ri n s are
nung. and BB roPR|sPAEE ST BrheRis of Wil ﬁ%érbs%%e %Sga@%é? BERTRCRE s,
Typi cal djaneters for variqus ca strings are 13- 318"
651 8" merﬁymw%ﬁt gt o 8‘1‘3‘%‘0%%‘%’5‘?856 o T e olp R by é?#yo?frﬁ"atfrr s
desi r abl e_l_f‘ por t t he ca3|cfag me hts f omthe mudl i ne \AMLQ% owout
prevent er %SE réYSt‘?’?FearﬁltH’t‘ ¥ @ﬁﬁ%ﬁ&&ﬂ%%ﬁéﬁ‘?% GiUSBTEBNt er
to the sug}rort | ocation and are of sugscilantl aII the sane size as, the,
casi ng st PYSHESi 45§ SnfouteFmast, agiag haRger pal eweaﬂs GPRFIE PRl 9oBFRG i ERsing
made up of successive riser, pipes whose adjacent ends are connected at, the
wat er's sdtFpacichdhat Hisircomgned é"e}EBWéP‘éSBe‘Fd&E‘Gt 1he 1udtinh, T Apvecbnieitinggeas
the riser is raised. Each of a plurality of inner casing strings is |owered
into a bof% °BRIE| WodeeRe: HBNRUERAl PREG dHY RFEWAS & Giseoankaprn @R emewd o
the riser. When the hanger is |anded within the hanger from which the next
outer casFaHiPEeNtiaRgYe the sru@b@mb@) the dRkbiAg rigsmengpem entadrdlingcioratioado gether
through the flowbore of the riser, hanger and suspended string) around the
term nal @rdingflogatien or Mhamg theaﬁmﬂleumovqﬁta@/avrf@naﬁnumlsa:dr&uhmuqnﬁe re-egpuisthsd
string, to anchor it in place. It is necessary that the cenent pass between
t he adj acenvelhdrijmgsconfiectine whener isadedirgie ¢o comtiinagirdling eppsatiovhieByt lnsatingl |
has been tested, the riser may be retrieved ) and the hangers at the upper
ends of t hespemsingystems rhgaearahpectanflow| o smtpocdrily atantéred sedan cidpedwell does
permt the drilling rig to be noved to another |ocation. Wien it is desired
to conpl enet pheemeht dbetrugipodbat typicalpuimedesy withe ttzamarise reevipareknandStudhser s
are lowered into connection with at | east the innernost suspended casing
strings t eudpkssidrneystdnie isd enablpniddalidron pdnailéerweiRt byt heassusf agecedn tiber
wat er. The successive hangers are

completion or extend the casing to the surface for completion on a drilling ship or platform and
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2 20CT20D2 - 3 supported on one another so that the load of all of the
hangers and the casing supported fromthe hangers is supported bz ﬁHﬁgﬁ@ in
t he bore of the outernbst casing hanger. The casing hangers are é d
to the upper ends of successively smapler diameter casing strings which are
adapted to be lowered into and | anded™within the bore of a casing hanger
which is connected to an outernost casing string at the nudline in order to
suspend the strings within the outernost casing of the wellbore. The

annul ar sspagently tamdpadsgresadd] atitality am eemplsonbaystame that renders enchcasing gasger i ng
and the next inner casing string permts cenent returns to circulate

t her et hrspughs dsirable. string is cenented within the wellbore) or adapted to
be cl osed off, when the casing has been cenented. Casing strings of a |arge
di aneter) as for exanpli® sudRhsioRstedts, déicenthia\cesisftfings @atusnaid @mespace to
all ow the use of solid hangers, normally in the formof an annul ar | anding
shoul der, Bllck *aﬁ u@&laﬁmng@?dgraaséaatagﬁfmsw@l&Emls.n Typical diSHERENEN vaRolsdkSing

casi ng hanger having an annul ar support shoul der. Such shoul ders typically

have a ggr?r?f%é?ﬁ?‘fli@t'elé'hel@-ef/g"r,@?@“ b 9ONNGRn ddlEn@RNbE AT ANkeRE! OW

t he han He circdl ation 'of cenment returns. sing strings of a

smal ler di QgL G éﬁyr%lswsuhgmé fhe ng%igg%romgﬁ}upmaﬁpbmoa Qdrfert e

next inMer-casing hanger a SO a equat e flow passages therebet ween

for the,circulationof cement retuns. ause t he annul ar s. bet ween
the i nné?gai‘r%ig?talé%gﬁggr Tt |lsﬁﬁssex§?"¢g%rﬁj"& ﬁheg‘ﬁéﬁ"e‘rp,’gvteﬁtﬁf % e? 1P iogrﬁﬁ’gﬁtboélrasn are
provi ded W th s t.menber.s which are wthdr or. retracted til, the
String 45 obAMFIEIGAY e SHBS HET FoBF Sadg uPes BSelL | Fie S S e EnE Lrgisfosi 1 e
t he | andj ng nmenber on the next outer hapger. Thug, in smaller strings,
there i SiefioloBE ANehiit BRIGHR O APCCENE 15T RINCABINOST BHACSHLEKS 12T Aennefied §8H‘60rt
must be arranged in such a way as to permt flow through the annular space
to faci | VMEE &SurEase At thagiserpis layyarehigto posiiop, or discpnnegted as the risen s rpis¢dor Eaaht
type of hanger includes a support nmenber having a circunferentially split
ring whiefa plyradithof moer dskieg wirings is lawered énse abore Aellesiinghe ocern floer by mehs

i nner hanger body as the string is being |owered, and which has a | andi ng
surf ace @fa hanget oovmectetb thiairishy). When thehbanger isngnded svithére theswngarvfieene dvhich
expands outwardly into a supported position on a |anding nmenber in the form
of an upthamgktyoftaccasigg seaig iextpantiedgcanamit & pympedvead ctirculaterd tdowvnltbroeglothet he
outer hanger of the next outer casing string. However) in order to support
t he wei glibwidre tolfi ¢heCAsk Nitangérr dAndGusgehdedeskthiey) dading the tegminaliedd bfadie stridgatidvel y

| arge support surfaces, which of course require |anding surfaces on the

next outes iMat@EemaulRt afAH@keysubh@al stagk,ab agtioehit in plfce 1€ BNVECEHSENCGRYL the)
order for the hanger bodies to be thick enough to withstand pressure

di ff er engqfenb giyRRAveR EreCafuc 8 hehdetd\EfSthe irneNAf diRdrab Qh® i nBE CWHER B0l
necessary, in apparatus of this type, to vertically stagger the expandabl e

Support hidgeeAnekiéANAE RlerSHiy BE SetBfved! ahf ARl haQd aPhhel MHeh@AEEEH Sthe TRiSg | N
turn has increased the height of each such hanger and thus the size and

cost of EQlE‘i‘ﬁgsgthgggde‘&i QBsed o3t £ the Mﬂ%h@ggmﬁkmrﬁﬁn he bl erovazftto’an})fﬁgr

i nner casi ng r th irts string ing Includes a dianetrically

conpr €SS b for OWnh MR 1aE8reki S0 ld%rg@gte% mlg%ry ro&hﬁoﬁ%};éﬁg si aﬁlcﬂ §Sremoved
speci al | y-shaped support shoul ders exten |ngpoutmar I ch ehgage grooves
inthe p I lLys t. I e, i t hen rest n
thi s ool 13 TRE atSRloRH o ARBERen 8% 88 b ROy B8R ERBe BT S

t he innef._casi anger , at. | t until it enters the casing bel ow the

bl ovout  HF SURhPek R edfrtion REEOmBALF pirfast LT i aobis TR s Paleshcre.s

t he support elevation. Other systens use the | oad support shoul der to push
the collet down after nmeans are provided to constrain the collet until it
enters the outer casing string. In another enbodi nent of the prior art, the
i nner and outer casing strings are connected together by neans of a

resilient expandabl e and contractible |ocking support el enent nounted 2 2
OCT 2~~1



_ 5 o0n the inner casing hanger which is biased radially outwardly but free
to expand and contract radially until it engages a mating profili iE 5&ﬁ
outer casing string. After engagenent, a rel easable neans permt [RUNS

| ocki ng support element to nove axiallRy with respect to the inner casing
hanger to a | ocked expanded position and support the weight of the inner
casing string on the outer casing string. By providing two or nore coacting
| oad bearing shoul ders between the inner casing string and the | ocking
support sepgirettonaond dnwtheroso e e ¢anaadfi aigofl thetlarpessr indghs basingdeippordosit fsgen t he
outer casing string and the |ocking support elenent, a greater area of | oad

bear i ng (§aIh{REASs isSppdFeY bl @dedtIn ehd bdtk bE theddhii#madst GHAE BangdePNi t udi nal sl ots
are provided 1 n the 'l ocking support elenment for the by-pass of fluid flow

The above priqf, &Ei#ﬁqgr?%egpﬁeWoﬁﬁ&% B HONPhAUBDE si@edsiVeht §pflet QidnieW
during cenenting. e arrangenment of these prior art suspénsion systens,
such as a_.contracti.bl.e spli i i I : .
cont r actP@ife S @ﬁi“{-.hmh are Ada{xeﬁ t'9e 1§\?é¥?§) fms agbﬁ%ﬁ: uv;ﬁgm% gﬁef P&Jgeorf a casing

g support el emen rces ow t hr oug
tort th . h i illed.slats. Further. | h
LU ALY USRS Tl Sl 86 Y o Bt BB B
Typi cal 19EinEer9iHe EBYETSH Gena R LoseRte: T FOUR SHHy RN o

serves as the triggering nechanism This results . in these nenbers having to
resi st cOREIUgebesy 38&?8‘%’ (RS $:ERE avd thy neX{pRer iCBHNE\BITIER PHIMES| cHRey retums
manuf acturing the suspension system by casting. Castings invariably have
sone pori@sitcylaigthensthaoned as theestiing s<eaenisd &ithiy he weilberel esadapie itbe alogadan | f
the parts in the suspension systemare forged or machi ned from bar stock
These profér when the ipssieg basoreemepmented. alCasing gicingy oha laeg diamstart aofer gkample,

| atch profile such that debris and drilling nud filter cake can accunul ate
in the | H"¢ROPo03IG"|, bawermiffgpienasdnplar spak to tlhev theis@ of)solid hafgkds) norrballyl iattidhi ng
process. The support nmenbers which enter the profiles of the previously run
out er cafirmgfhaagedarfamiingstodlddrion teangageakihg hapeniviidctaintumyshspdnds anenave
previously accumulated in the profiles. The restriction of the annul ar
space betakgrhahf@ HaRingraneshuleasipport BAgedrs Judh shaildee 6piang @svel HBypass or
accurrul ation of debris and drilling nud in the profiles. The limted

annul ar SPRCRerB@FMER No ¢aveBUths tahh 1S advedant efiv WRI BanSerRIfbethe diREBESRT of S Of
particul ar concern when deep wells are drilled which deviate fromvertical.
A casi ngcdipdrgedtudn9r suspending an inner casing string of a relatively snall
di ameter may suspend 10,000 to 15,000 feet of casing wei ghing approxi mtely
one mllion p gﬁﬂf : Proevi L did Lol I : j

strings were g'f tlenSt?g‘ngfggHtaj éééadsléér?est%{le{ekée&l?ehn%ﬁ%he?ﬂnlg%ﬁs‘g?égﬂ V?/El?kfﬁﬁuggor% he

annul us. (/dOMEY §fserl s {1}5&%? b 2% MG LRedud 8w gag.ﬁ%!éeg Qﬁerél%ﬂﬁenfﬁz Y

string cannot be rotat®ed to assist in causing the nt to

A e I N,
onnul e, WGBS T8t KOV SAE) BLOFRIIANH duld RESESERRLLR IR,

casi ng hanger urre i nhe

h ithin th . [ h o ti,cul the i i

nanger nistensed Bath e naEsHSg P e isloBE i o Btof e sapBon B R APt 1 ng
b [ ted, Further, th t of di the i . ing.h

wi thin 1 A BRAIGE MERDERGP RS 6K OERREngEr - TpSath Tl GUHIES OEREGS MRS IR | al

suspensi on, the subsequent reciprocation, and then a final suspension after
the cemeARRYRY SBpsrayailabif 195U NpEE A0E HifpTiEPFHMULDS 45RBSWHR SHAVERIRY BnoPERE ones
the deficiencies of the prior art. SUWARY OF THE | NVENTI ON The hanger
suspensi S@WstErughntlest annhlar ppass énfaciliiate geMeNing wpE@EeRs. an i nner casi ng hanger
on an inner casing string suspended to and from an outer casing head on an
outer casing string. 22 0CT 2t~Qt




The i nner hanger includes an outer circunferential surface having at |east
three sets of at |least three longitudinally spaced outwardly projecting

| oad hearing nembers azinuthally spaced about the outer circunfer2ptiC&i200
surface and separated by |inear flow passages. A hanger assenbly is

posi tioned on each set of bearing nenbers and is axially slidable on the
outer circunferential surface of the hanger. Each hanger assenbly i ncludes
a plurality of longitudinally spaced arcuate nenbers having i nwardly

ext endi ng | oa@helysrivriangypdiofiatgérsinel0dks ausuppdrting mbest FaRthigrigei fonaderbaid ly 3t
shoul ders. The arcuate nmenbers further include outwardly extendi ng ranm ng

shoul dergng WhRh QU ESHrBERE Wit 2 rdteft-ihaBd bitet §urRcdor ewthidt MARELH Ry e GRS SES
whi ch include | oad bearing surfaces and ramm ng surfaces. Each hanger

asseml yséi%ﬁ[&g{ngilswér 16d W hidh 149 8 TandRBREFadEIAN Q6w S enki RehidH, GiRh ShelBRiFRET S

for | ocati e-annul ar recesses on the outer head and rel easing the

he b ' | oad
bear | ng %‘3%2&?@%; %Qvlee% agéﬁ‘#ﬁifvﬁ?ﬁ?@*&% ﬁﬁgﬁgﬁf??gé%@m?f}“ ?ﬁ%ﬂ‘*ﬁ%ﬁé@@%ﬂ“ﬁﬁ% >
eoorved SR oL e et e b ay Sy ey 1R e BERERERRT L Lo

Springs are provi ded between,the arcuate nenbers and trigger nmenber to bias
the tri gQ&MSHeIEAI0E REME v UFRYSH AT 8"{°ﬁé° RBES é‘&swﬁ}ﬁ*t“t?fgﬁ%ﬁﬁs&g &g er e

| oad bearing, nenhers on  the inner hanger bear_ against the arcuate nepbers
so as t oSXPANYROl HAngsBust haYEelativelyares SPPROG WhigsSe iR 9fi OHTSE HeduisdandiRtar i ng
surfaces of the quter head. The present invention is particularly useful
during t fefacesnemhtherigxbputemiangers of eguadlyares radislexiant-hiAs & FRESKIYERSE, heTdRY
string. Once the inner hanger is suspended within the outer head by

engagi ngfarike hangar bediesatecbeathickendigh toxvidhsting prasoael diféaericagybesveen thercssingy t he
arcuate nenbers with the | oad bearing nenbers of the hanger and | oad

beari ng stinggdelmsdferdtdforehean thoughtmeZesgary, i€ app2 DT of thiptype,i to oksticalbyesteyger i S
punped down the flow bore of the inner casing string and up the annul us

f or med bthetdxparidablersuppudt ong ed Bhding gerfact wnaes $dastt sohfecoffthoharpkrst MEhis enreumi
around the inner casing string, the hanger and inner casing string is
lifted fhanintregsel atache@bl &igh StohfAGES 200 tHub theQlrk@hd BERES thy sCPBABIIHyYtem.
engagi ng the outwardly extendi ng camm ng shoul ders of the arcuate nenbers
W th the camimgndibtrf F6Rm OMtheRBiRUHEIthdeadr cdiMS h&Rds @atht € siding WAt @sing
menbers to contract and allow the inner casing string to be raised and

| over ed Wichide§ @SR@Gbtritaly BnedsBle s Rehidt [si Mided QueArES. tTe: cAMERcIddRs f | ow
around the outer circunference of the inner casing string and conpletely

Fill any syaiat§.-shibeli REp A WMbH e R E QLR QRwhANBhiCRSAGe Slobididn t}Br&:lr(g{iongfr-]t he

cenent setting up, the inner hanger I's again suspended on the o hanger

by | over kOGbut g hal00he itk |cAOSL naRRt i Sty APt ool OWfehfioo B LG Yins

extending | oa Ing s € arcua ers to reengage

| oad bear] f i 1 [ f t enent, i;s. then
Al Towed i Sat By b olle drRERAERcaRng el Bl sy U o lE e B b
will be ent. fromthe fallow ng, description of present| referred
erbodi Mot DSP P her N RUEN AT SR MBI TEN S BF (e BT po2a 67111 JEIBELME HREE aken
in conjunction with the acco nyj ng _drawi ngs, BRI EF DESCRI PTI.ON OF THE
DRAV NGS ST S e e PR G SR 1aR4 TRedth P NER o Bi5h Ple PRI T SR AERLEE and
features of .the present .inventiop are attai ned and can be understood in
detail, ROT% %a‘Pt@BiHa&} thg &9 ‘Fti“&“r Yrenlsrs tROVICh GRS $H 8 brief |y summari zed
above, may be_had by reference to the specific enbodi nents thereof that are
i lustrated i & epEbESHORdEENHPTIRE RHST afhihihe HINGT 3l QI REPESEINEhATE CORnackds
specification. It is to be understood, however, that the appended draw ngs
i |1 ust r attegedisr pyimesing af a sesblisat menindably andngostrpetipdnioclsing suproTt dlement grauntede
not to be considered limting of the scope of 220CT?2002 - 9 the
present invention, for the invention nay admt to other equally effective
enbodi nents. In



the drawi ngs, |ike reference characters are used throughout to designate

i ke parts. Figure 1 is a diagrammatic illustration of an of f Qo] 3987 |
having a plurality of concentric strings of casing suspended at the

mudl i ne, the casing suspension syst-em being broken away in part to show the
out ernost casi ng hanger suspending concentric strings of casing therefrom
Figure 2 is a vertical sectional view of one-half of an inner casing
hanger, utilizing the suspension systemof the present invention, in the

| anded p@%iheiippengasing haraee whisht is Sisses radialy pytwaatlydwt free ¢uexpand prd egptract

enl arged view of the profile of the outer casing head shown in Figure 2;

Fi gur e 4radiadlyaumidric pegagey e miting pbfikehis tharyear dsidg stunger Adiesiengageamytera
shown in Figure 2; Figure 4B is a top view of the inner casing hanger body
of Fi gur eclebfgblé-mgansepedi@its the doakagt support elemertak emoveraxally hwipl @seectCoChé mnén gur e
4A;, Figure 5A is a perspective view of the cage to be nounted on the inner
casi ng hasstygrhdngetytoad loEkeguexpartied pogidor amaf suppert hisengeightaststbertingt cdsingustréngbB 1 s
a section view taken through plane B-B in Figure 5A; Figure SCis a top

view of bheéhecaga akiagstring. BygtodddAtwEiof tote Sdaclify Rad Béeingishouldets Bawedn t he
trigger to be assenbled with the cage shown in Figure 5 to formthe hanger

ngenbl Y theFinBt’ @siRB strihig An tikClo8kifY RippOR elehfWt £id fWdCorl hbr@IBActRB WA Hekkidg gur e
shoulders between the outer casing string and the locking support element, a greater area of load
bearing surfaces is provided in a limited annular space. Longitudinal slots are provided in the
locking support element for the by-pass of fluid flow.

The above prior art designs present a considerable restriction to flow during cementing.
The arrangement of these prior art suspension systems, such as a contractible split ring,
compressible collet, or other contractible locking support element, forces the fluid to flow
through a tortuous path through expensive milled slots. Further, as wells approach greater
depths, the innermost hangers must carry increased load thus requiring larger support surfaces
thereby further reducing available space.

Typically, in the above prior art designs, the load carrying member also serves as the
triggering mechanism. This results in these members having to resist considerable bending
stresses, a condition which precludes manufacturing the suspension system by casting. Castings
invariably have some porosity which makes their resistance to bending less reliable than if the
parts in the suspension system are forged or machined from bar stock.

These prior art suspension members also occupy a larger portion of the latch profile such

that debris and drilling mud filter cake can accumulate in the latch profile and greatly impair the



Figure'7 is a side elevation view in cross-section of the trigger of Figure
6 assenbled to the cage of Figure 5; 220CT2002 - 10 Fi glire%[ﬁAlgms a
pl an view of the trigger guard for the hanger assenbly shown in Izi re7,
Figure 8B is an enlarged view, partdy i-n cross-section, of one of the

hi nges on the trigger guard of Figure 8A; Figure 9 is a perspective view of
t he assenbl ed hanger assenbly nounted on the inner casing hanger body;
Figure 10A is a side elevation view in cross-section of the trigger in the
runni ng jochitg processi gliveesupPddt insenzbess whicklesteathicoprofileswfitie previsssly et baar
showi ng the cage and i nner casing hanger body in the running position;

Fi gure 10%irgshadgérofustivefullpéaighpaableriesyiesay el thammayokave beevioukly gecuntulded age
shown in the running position; Figure 10D is a side elevation view of the

t g Is???g nﬁ?dxecﬁx@ﬁle@ﬂ The rdstit@ibn GIShé Andiddd0bcdd Bl esh HoNnhdimbitecakiv P HaRgrs
P ,further encourages the accumulation of debris and drilling mud in the profiles.
The limited annular space between casing strings of a relatively smaller diameter is of
particular concern when deep wells are drilled which deviate from vertical. A casing hanger for
suspending an inner casing string of a relatively small diameter may suspend 10,000 to 15,000
feet of casing weighing approximately one million pounds. Previously, in vertical wells, the
smaller casing strings were often rotated to assist the cement in completely filling the annulus.
However, in strings of 10,000 to 15,000 feet, the inner casing string cannot be rotated to assist
in causing the cement to fill the annulus in a deviated well. Although not recommended, many
operators reciprocate the inner casing string to assist in completely filling the annulus with
cement. To allow reciprocation, it is necessary to have a casing hanger which does not require
rotation to suspend the inner casing hanger within the outer casing hanger. In particular, the
inner casing hanger must not be latched down or locked down such that the casing string may
be reciprocated. Further, the act of suspending the inner casing hanger within the outer casing
hanger must be repeatable to allow for the initial suspension, the subsequent reciprocation, and
then a final suspension after the cementing operation has been completed.
The present invention overcomes the deficiencies of the prior art.
SUMMARY OF THE INVENTION
The hanger suspension system of the present invention includes an inner casing hanger

on an inner casing string suspended to and from an outer casing head on an outer casing string.



Figure 11 Ais a side elevation view in cross-section of the trigger in the
expanded and triggering position; Figure 11B is a side el evation &@g Zﬂ]&
cross-section showi ng the cage and i nner casing hanger body in th 5 ed
and triggering position; Figure 11 C iys-a top view, partly in
cross-section, of the trigger and cage shown with the trigger in the
expanded and triggering position; Figure 11D is a side elevation view of
the trigger and cage on the inner casing hanger body shown with the trigger
in the &hedmcedhaaged itdudpgen ongr piogintferontjal surfac h@viGg aRRAKA thred ets Bf guemt 12A
is a side elevation view in cross-section of the trigger and cage in the
suspendith@e pargithdioglly pagd loetwk2dy pfojetting bad Béaging ineatbersi agimithallyrspacad sleit i on
showi ng the cage anJ I nner casi ng hanger body in the suspendi ng position;

Fi gure 1R3Cohter Sirdu@iTereh@W sunfetany sépardddoSSHRAE bW hass@fest he hhide g@EmBIYds cage
shown with the trigger and cage in the suspending position; Figure 12D is a

si de el gyakibRsl ¥ Bx¥nOkt bhRatifg 8@fbedNEd GABEaIBNMARLI¥IOh Rhd BRet it @8@remnd cage
on the inner casing hanger body in the suspendi ng position; DESCRIPTI ON COF

| : " ; b
PREFERR%QrfE&@@'ﬂMEﬁ%gg?fefE%H? ﬁ?ﬁ%%;%'seﬁﬁﬁl fidudts b rElrltgrS(iﬁfnltonglthiﬁml%' %gadwy e

used in a variety o re pes of" wells being | 1'ed for

product i i NPt RSJ i [ . ed
For use SovalmRppeE Bau e oS IR Mol B b e i B R
suspensi,on_.system.of t present inventiaon i.s.for suspending.concentric
str i ngs GRaRd SR, e CHERH e ROetidr R RIVRREY CRERBCRIEES ¢ ne
ocean fl§$r. Al t hough the present invention will be described for the

i nst al | aYPB9eSF a nudl i ne suspensi on system for an offshore oil and gas

B o ToME, D5 2RBLEct 2 o, LAl L1 SUSREneLan SYalem ol S, B Faen
bearing surfaces and camming surfaces. Each hanger assembly further includes a trigger
member mounted on the arcuate members for locating the annular recesses on the outer head and
releasing the arcuate members on the hanger assembly whereby the outwardly extending load
bearing shoulders engage the load bearing surfaces in the recesses. The trigger member includes
a deformable alignment tang for being deformably received within a locator recess adjacent said
recesses in the outer head. Springs are provided between the arcuate members and trigger
member to bias the trigger member outwardly and into the recesses of the outer head. The load
bearing members on the inner hanger bear against the arcuate members so as to maintain the
arcuate members into engagement with the load bearing surfaces of the outer head.

The present invention is particularly useful during the cementing of the inner casing
string within the outer casing string. Once the inner hanger is suspended within the outer head
by engaging the inwardly and outwardly extending load bearing shoulders on the arcuate

members with the load bearing members of the hanger and load bearing surfaces of the head,



Referring initially to Figure 1, there is shown an offshore oil and gas
well being drilled into the ocean Mbor 10 froma ship or platform 12
located at the water's surface 14. Figure 1 is a diagrammtic il husggrigpon
of a typical installation of a mudli-n@ suspension system for suspending a
plurality of concentric casing strings at the ocean floor 10. As is well
known in 220CT?2002 - 12 the art, a plurality of casing strings are
suspended wi thin successively smaller dianmeter bores drilled into the ocean
fl oor 10espretfvehy; icergem evpumpedgun te flovwabate f the iiner edsing stringPod dp dhernnelasi ng
string 16) typically 30 inches in dianeter, with a casing hanger 18 are

| ower ed formad nothel droeoand dwseErstr@sf Morassisiehadflow bf thg cpderttfapsumd 1Re mnet @sieg
driven or jetted into the ocean floor 10 until casing hanger 18 rests near
t he ocealrirdg, aloy hdh@er Laisinng dasingetting 8s likedofromi te tbadibedrirg Suafadésnen shouledler
for interiorly supporting a surface casing string 22. As is well known in
the art,hefd &5SUAEmERNL Efdaging Uihp reutardyy ederddirpgntafiming tHoaldetsabf aligrattdatand

i ncludes a well head 26 to which the upper end of riser 20 is connected. A

bl owout RERYSDWEh he EMMAF JubfatddTnatht dteaoade Thie cagdet ftRAstcdfe mdmbes 8l SO
wel |l known in the art, the suspended casing strings are anchored within the

wel | Dor @it B ANBwhe el BheOrifP Y 1% Walt Wbwerd® il dess X kg

herei nafter, nmay extend upwardly into the annul ar space forned between the

concent r LG: | St 1NES. t i i L .
ot al | oging SR8 gl fdPuFUE il AUBRIGEL Fihe iyl casing
typically. i i er of 16 .0r_ 20 inch Surface casing.string 22 is
| ver o TvDS SrfbiE BT Sy Bresaf By BRI e A B RO Sk i s
riser 32a3Th ﬁﬁrfacemcasini hanger 30 inch%&es ﬁn apnﬁlar $4 %ort shaul der
which is é’thES"r U Uy PF A& ARECH G B8N FYTRFNGR Coftt FEIE0 AU | P@ Kalerc1s.
The surface casing 22 .is then cenmented in place.. C3si hanger .30 al so

el udestages SRR b ADG S188 G0 AR Srecreg RO HIE TRETE0R SIGEs P e
string 34. A borehole is then drilled for_the internediate casing string
34, typi ¥AP3y MEFPERTO Jeengags) e (3¢ fheamingniriaes ip fhereresansAfdhe quiehhcadt rieg 34
and intermedi ate casing hanger 36 are |lowered on internediate riser 38 with
an annul %meélfb‘pth%éléﬂ"ﬁ%rtoéﬁ-i nt er redi at e casi ng hanger 36 engagi ng 2zo0
c r zooz - 13 the landing shoulder tin outer surface casing hanger 30. The
i nt er nedi at e Hbiothgr and | fugh¢rsohjentn feawrast g Rdvaptagesewillrve appereniré@athe
casi ng hanger 36 includes a profile 40 which receives a hanger assenbly 50
nmount ed &lowing dedeription of prasantly prefertpdrengOdimentsf rednvantign,gipmdduide porpossasi ng
string 42. The borehol e for production casing string 42 is then drilled and
t he prodatdisdosuse andgketPin dopjunctinnl witlpths/aglompanyingdeavangs. and pr oducti on
casi ng hanger 60 are | owered on production casing riser 44 until the hanger
assenbl y BRIEEDESERIRTION OF THE BRANEINGS 1af t er described in further detail.
Al t hough not shown, anot her borehole may be drilled for an innernost casing
string, typi chldrderthitniehesmnenindvhactiethesbove-eecitadi spantdgesana fratdres ofeleespragnt
string wiwthin the production casing string 42 such as on profile 61. It
shoul d bénvepfiunegdeaitthetinald @acke ahddriiGodangdenis, #dre ghticddr dagkeipBéh BOLheON| Y
serves as a hanger for suspending casing strings 16, 22, 34 and 42,

respect i uletion) Wrieflly SOmBRFYRIS atdve Ama R Ye ad 2k fdreice SHRRO kpeciTit ¢ABRIm&RS| N
hangers and casing strings. Were casing hangers 18, 30, 36, and 60 are

serving agrédfcas N8 iN8aMed! Rethe BYerdRd 'RIGIHEE dwhith ¥awing $orRD aNREdof aliher
t han a casi ng hanger.

specification. Itis to be understood, however, that the appended drawings illustrate only typical

embodiments of this invention, and therefore are not to be considered limiting of the scope of



During the drilling of each borehole, the nud returns flow upwardly in the
annul us formed between the drill string and the next outer casing s30T %@
and riser. After each successively snaller dianmeter wellbore is drilled,
the casing string, which is to line ghat wellbore, is cenented into place.
The annul us serves as a neans for rétiurning drilling nud to the pressure
control apparatus on the drilling rig at the platform 12 and for flow ng

cenment into the well. Each of the hangers 18, 30, 6, have fl ow passages
(not shdihPreset IRXSRHRMIfembe ARy eptien @ﬁhgt“ﬂ% t%ﬁ@%%\hﬁm F‘&}Weeﬂ'g’ 6}f‘o t he

flow of drilling nud and cenent 220CT 2002 - 14 returns such t hat
when t hehtdrgenss, sike aieraerephatapiersnarg lupgdethrqugoud io designgtentike RAFlE: cenent
returns may pass upwardly therethrough. These and other practices are well
known in the Eigure lanaidingremetate 8lusiationied apaffshors welhbavingsspintalinrfenndeaticand
consequently require no further detailed description. The | arger casing

st ri ngs, stsngshofaasisp ndpeatded arcths imglidd thnchsmgrshapessicrasystegn BAdg bavken swdf inci ent
annul ar space therebetween to permt flow passages through the | anding and
support mdtpwl shewvsthé ottemhdsovdsing Bngadaspendieg conoentrhiatsirings of caking fherefronyid and
cement returns through the annulus. The nudline casing hanger system of the
present inverfigom 2 iS aparidaCstcAsnay vidiv sfcdnedhalf @f At SN Shddiy Sangére nElifiag theasi ng
strings of a relatively snaller diameter such as for supporting a

product i Qﬁ?é‘rﬁﬁah Ngst&rh of Mk predehit MvedtionNiehEBAded Bosifsd Withintthd AGkt ohfRe casing

di aneters Torm ng the annul ar space bet ween t hese casi ng strings severely
restricty gr%g, space allowed to form bypasses or flutes through the hangers
to all ow for the adequate C|rcul ation of drilling nmud and cenent returns.
The nudline ¢ t r rliy
directed to cgl I'ng Egaﬁ%g% of Oﬂhﬁ Ja}tgrr%ltge)‘rﬁ%p&ust%\éﬁﬂélh dghﬁhvﬁgﬁ%%@

i nvention, fo oses of illustr be descrl Sus |ng a
producti on cagligﬁbe ébttslarpﬁ W‘t%ﬁt’lea%gﬁtﬁ&tfgﬂﬁ%i’%qyem%% ﬂrég s"tnrg?} Ho¥ ﬁg&g

shoul d bﬁ' understood that the nudline casing hanger system of t he pr esent

i nventioff may al so be used in the suspensi on of other sized casing strings
and in particylar, spaller diapeter strings as for an i nner nost
casing Stri nglg‘sgt'if,ﬂn B\ & 3,100 KiR¥n Of FerinRes SARg Rangeh BOdnyg)i'agFrFﬁﬁ‘ 'now to Figure
3, there is shown an.enlarged view of the profile 40 of outer internediate
casing head 3 1g“t§ﬁ%95%ét§f1%ngatak%mt%t BE’@% GCHubi8%F *body 62 having an
inner cylindrical wall 64 formng a non-restrictive flow bore 66. The inner
cylindrical waIBNTBHA AR PEISPAEVE Mt ofthe fitecte RSmeunighen Hedpnes sasieg BRNeEle 40
is formed by a plurality of recessed 2?2 0CT?2002 - 15 circunferenti al
grooves PAdX9T Figure ¢ a3 pagkpf the hanges RepemAY; a | ower annul ar groove 70, a
medi al groove 72, and a upper groove 74. Each of the grooves 70, 72) 74
form an upwar Blg}mf 3B g sectiowwisar tdkep thegueh plage BrBidn Figombsal bearing surface
76 and a downwardly facing, upwardly tapering frusto-conical carom ng
surface 78. Lbigure HEas & tap wew fofidee Gage staprer i Hppeddi;mately 20 from

hori zontal and upper carom ng surface 78 tapers approximately 45 from
hori zont al , h&iguoaAds abelengiguevipenditoutrgget @ Yehzssérowigd witdli thakagel showaxn s 65
of outer casing head 36, Medial and upper annul ar grooves 72, 74 form an
annul ar Feguretio§ornt thermabgdirweeembiynd nmedi al and | ower annul ar grooves ?2, 70
forma | ower annul ar segnent 82 therebetween. Upper annul ar segnent 80

i ncl udes an amigiur&6Bliog side elevimsHeB4f therthgfe showh pn@ighke/6Aaci ng and
upwardly tapering arcuate | ocator surface 86 and a downwardly facing and
upwar dl y t aperFigige aicdlgieelevationvitey mirdsaGectdf of kiecw@ipsér FWHif1a6 6 a8 nibad ta
taper of 15 with horizontal and upper carom ng surface 88 has taper of
appr oxi magetap p‘FnggBt he | ongitudinal direction, i. e. the flow axis 65.
Ref erring now to fgures 4A, B, and C) there is shown the hanger body 90
of inner production casing hanger 60. Hanger body 90 is a generally
cylindrical nenber formng a flow bore 92 therethrough and an outer
cylindrical surface 94 form ng the outer dianmeter of body 90. Three sets
96, 97, and 98 of three | oad bearing nmenbers or lugs 100, 102, 104 are
mlled into the hanger body 90 thereby form ng outer surface 94. Each of
the three sets of lugs 96, 97, 98 are separated by |ongitudinal, |inear

fl ow passages or channels 106, 107, 108 ) Linear flow passages 106, 107,
108 are generally straight and parallel to the flow axis 65 and have radi al
boundaries forned by the inner dianeter of hanger 60 and the outer dianeter
of head 36. This provides a maxinmumradial wdth to fl ow passages |06, 107,
108 for the circulation of drilling



2?7 OCT 2042 - 16 fluids and cenent returns. Since each of the three
sets 96, 97) 98 of lugs 100, 102, 104 are the sane, a description of one
lug set will be illustrative of the description of the other |ud 3885200Each
of the lugs 100, 102, 104 include an gpgter arcuate, |ongitudinal bearing
surface 110 and an inner arcuate |ongitudinal bearing surface 112 extending
bel ow outer arcuate bearing surface 110. An arcuate, downwardly facing
upwar dl y tapering | oad hearjng nber 114 |s forped by the tLansitLon

bet ween the di'BESY S aBlapviewrofdls ingger aupy g?ﬁdh"l Fr éﬁ?‘?%{éé Qurpin Kigure

| ongi tudi nal channel 116 extends through the md section of |lower |ug 100
and i nt efimedi at e | ug 102. Channel 116 extends into upper lug 104 form ng an
expanded flat_118 in inner surface 112 and an expanded flat 119 in outer
surface 110. FipwedBdnpeeniarged sieweRyHY deerosstsaetions of pegsofdheshinggson tircisigrer | .

e. radius, than channel 116 at expanded flat 118, thus form ng a step 121
bet ween guaad of FigBre 4A9. Annul ar hori zontal recesses 120, 122, 124 are
formed bel ow each of the lugs 100, 102, 104 ) respectively, for receiving a
hanger assentFigurkZbisiangdrspdetivg \dewe af ehel3@mbladi lgpgeer dssintay dhdunied gertheginaerd 200
herei nafter described (See Figure 9). Lower |lug 100 and internedi ate | ug
102 i ncl cadimgangerddodyf aci ng, upwardly tapering frusto-conical surfaces 101,
103, respectively, for supporting hanger assenbly 125. Each of the |ugs

100, 102, 104Fizaee] 0AoaRIE dleyatfcnGiidW@in diENsaEdioN of BRafigkr iOWR rurdn@igfodidibn;
surfaces 105 for engagi ng hanger assenbly 125 as hereinafter described. The

i nner casi ng ERRALIORON a §dePdVatidRdie infroRREHioANHowRBRhe ERleSind 4her dkbhg
respectively, of centralization lugs 127 having a tapered surface 128.

Channelshégﬁyb&gjmtgggnﬁgﬁg&@ﬁﬁneach of the lugs 127. Centralization |ugs
127 centrall ze iI"'nner casi hanger 60 within outer casing hanger 36 and
al so provide ecd A r.:ihe ree t er. ass I
i nner casing ﬁ%ﬁgee?d%gl‘} églvé%‘g’r%%ﬁ%gl ?rggsss%c W {8 ﬁ:&% ﬁ%géb%ggéagﬁﬁlg% gh‘?@?
casi ng h%ﬂ@ﬁ%Hgghthe t apered 2 2 OCT 20Ul 17 surfaces 128 of

at

centraliz ugs’ 127 assist in the centralization of inner casing hanger

60 within outer casj hanger 36. Referring now to Figures 5A) B, and C
there i's showh .18 S 850¢ glewalipnien of Uie theeqrrnd &ags 1 tedndérspting Paftber s
or dogs gB , 134 )tﬁgd 136 attached by a transverse |ongitudinal menber
138. Ac &é’%§@mi THIEg POSO®er ej naft er described in further detail, on
each of the three |lug.sets 96) 97 and 98 on hanger body 90Q0. The three dogs
132, 134, 1361’%E-Vgﬂm@ﬁigéleww&e‘flewscr@ﬁ%sepmgfi%ﬁlﬂgaﬁg% theexpyidgd evdi nal
channel 140 is praovided through the center of dogs 132, 134 and 136 and

t hree bl "PEBHBE PESIUYM are provided in the outer surface of |ongitudina
menber 138 in_alignnment with the center line of each of the dogs 132 ) 134,
136 for housi RtpushélR i sfe glewatios| iRy irepiosssegtionsgioving ths Gagmanddnprifcang
described with respect to Figure 7. Further, a threaded bore 146 is

provi ded harges bghy irothgiexpriidedhindrisigseningiI8itibove | ower dog 132 for assenbly
pur poses, as hereinafter described. Since each of the dogs 132, 134, 136 is
subst ant i al | y Figuee $Hivis, a @p créesi rpiaplyl iowrass-séotioe rofdbeytrigder andl dagashowndegcihe be
the other two dogs 134, 136. Lower dog 132 is an arcuate segnent having an
i nner ar cugdee it eteer expanded mhd iggkdtg aogtiany outer arcuate bearing surface 152.
The radius of inner arcuate surface 148 conforns to the radius of the wall
94 of hanger [Riglyre 90D iJ hgideiekti@ssieafofanctigier aaigcak8dnithe In@sScaking haiidee
difference in radius between the inside dianeter and outer dianeter of

out er casiody sheadwah tehdiggéreini the expaadai 40g tHagegig fositiogspectivel y. The outer
bottom arcuate corner of dog 132 is chanfered at 154 while the downwardly
facing bottom surfaces 15 6, 157 of dogs 134 ) 136 respectively are tapered
upwardly and outwardly for supporting engagenent with upwardly facing
surfaces 101, 103 of lugs 100, 102 respectively. Each dog 132 includes an
arcuate notch 160 on the upper inner surface 148 form ng an upwardly 2 2
0 CT 2002



- 18 facing bearing surface 161. An expanded notch 158 is coaxial wth
channel 140 to forma pair of inwardly directed flanges 159 for @dHJexgnt
with ears 182, 183 on trigger 170, as hereinafter described. Referring now
to Figures 6A and B, there is shown a1rdigger 170 to be nounted on each of
the three cages 130, as hereinafter described in further detail. Trigger
170 has an el ongated body 172 sized to be received within the verti cal
channel 140 @f each,cage .130. The |lower termnal e 174 incl udes .

or 1 zontal _priEPAgS sl G YRl GBI Sl e bitet fad B8 n e

Li kew se th; upper termnal end 178 of elongated body 172 al so includes
hor i zont>HIPEY 15¥§F§%‘?'\’ng ears 182, 183. Three blind bores 180 are provided
in the inner side of elongated body 172 for alignnent with blind bores 144
on cage 130 eBUS 128 it aSlF GEVRERD HEWAR CRAUSSEHO FIaWiRgs the 8B HWIANS T Fagingur e
7. Referring particularly to Figure 6B, the outer surface of trigger 170

i ncl ude'2peg5heAY i thegospepding @asiBen;and di mensi oned such that profile 190 nay
be received within profile 40 on outer casing hanger 36. In particular)
trigger 170 iﬁmrad@g i@ [opiegW irast eiet dresg-sprsioni ofthd Biggemand; aage showmai withethe
projecting portion 186, and an upper projecting portion 188 to be received
Wi t hi n driggerand grgroinabe FGperkiing pastionst, respectively ) of profile 40 on
hanger 36. A slot 192 is formed between portions 184, 186 and a slot 194 is
f or med bet wedigyerl@Ddna sidetelevhB6n View ofabetriggagamieguye sicaviS®Rith 8, trigger and
respectively, on profile 40. An aperture 164 is provided through portion
184 for cagsetiie/inpet AGIHE hahder GOAY LNGE s@pemdiidipdsitiocaaded bore 146 as

herei nafter described. Trigger 170 includes a projecting) defornmable,

al i gnMeNHESERPLTICN OF PREFERICED EMBOAMENPS Whi ch projects fromthe base

of slot 194. Tang 196 has a generally triangular bearing t surface which

may have a tr ; Fole] :
extends E 1 T SEAORLBH T S phu dveRuBP IRl ¥ 350N & SR PRE it

upwar di yrfachingef gei‘dgv@'ﬁ@byfoggﬁ% Fdadct .nf%'fagig 208 Y4k Ao 86 sha gﬁngQtXm nul ar

S
recess 84" 1 n annul ar egnent prorti on outer castng ger 6.

The ape LS: a 0 h 1 [ f

(FF ggor Btcuidy, bR B0 W nDGRBhE Beionl Skl 40 Yl Sl SRR bs Bl
are recej M.t hi.n apnul ar _grooves 70, 72. 74 formn r.ofil.e 40 on,.outer
oei g roEshh Dl 0B Bl B9%RRn Ftor Musnitne' SOk REShn orstins ShBe' T,
the alignneg of .do 132 34, 136 wi annul_ar groopves 70, 72, .74,.
respect i %‘P@s&mﬁe‘?lg?&s% WoltBe Eiualﬁrieec’ftf!qe PEran gﬁ?bgéﬁgﬂuﬁg thePRRhiER cage
130 by sli.di ng ear 82) .183 at the upper termnal end 178 _of tr] r 170
o b ouleisEated est i Rlahtn St maE BERnb FisEA e o 68 Sho bl AILES5,
are received 'tmnn each of the aligned blind bores 180,in trigger, 170 and
bl i nd_ boPEb 1§ Py beanRERataddathe suspensionosystaR! qf the;greseny inyention,ig pey; lipiged

wi thin channel 140, each of the springs 150 is conpressed so as to bias
trigger PAFCINSHE A Pstaligionnst al | ation bolt 168 is received through

aperture 164 and threaded into threaded bore |46 of cage 130 to maintain
trigger 170 ahefemngdnitigly fonFigne lndhesedn hawp@sioffsknte oil and gas well being drilled

into the ocean floor 10 from a ship or platform 12 located at the water’s surface 14, Figure 1
is a diagrammatic illustration of a typical installation of a mudline suspension system for

suspending a plurality of concentric casing strings at the ocean floor 10. As is well known in



Referring now to Figures 5A and B, there is shown a hinged trigger guard
200. Trigger guard 200 includes three hinged sections 201, 202, and 203

hi nged at 204, 205 and 206. Each of the sections 201, 202, 203 ihg0GHélcut
outs 207, 208, 209, respectively, foralignnment with fl ow passages 106,

107, and 108 of hanger body 90. Referring particularly to Figure 8B, there
is shown hinge 206. The term nal ends of segnents 203 and 201 form ng hinge

<1 dabl 9 e it oFole o B’ SunBAR MFd B0 TRARERHAL doBE P11

170. It uld be appreciated that hinge 206 has a construction which is
i dent i c%ﬂsmﬂgd“??i ‘H‘@ 3386{3 2 205, 220 CT202- 20 It should be

appr eci at ed at, all components w.th .t exception of hanger, body.9Q.and
springs 150 Te§TH8 W&s@%ﬂfés 6raé‘§@mt‘“’f‘ﬂ@eﬁt‘ioﬁu%ﬁpﬁ‘ﬁ% SEINEIE, F%Dé%’-”égpr yi ng
function fromthe triggering function such that the external conponents,
with th’@c@ﬁé’éS’caﬁ@ﬁf,o‘f“%?;i)fﬂ}sﬁ@é‘a&%,lg&?eéO%FBF8&?@8“"(“6‘%8%@@3&‘1%8‘3@6&5@ only.
This condition allows the use of casting. Referring nowto Figure 9, the
hanger Bladenthl? ard are Yrizencorsipdsgninteghmedsan Becr Whutil easinedgnerai§erstvoear the
assenbl i ng hanger assenbly 125 on one of the sets of three |ugs, the

| ongi t uelieamfloge i eFasimphanger byis Proddadsvith 4 lpneias wheuidey der inteaiorly ISUPROEINg1 16
formed between each of the segnents 100, 102, 104. Further, arcuate dogs
132, 134 suffd® easingrsimng 92d A tshivell tkhews limtthe drpOpredsege jortdd equipmipnic4 isel vy,
on hanger body 90. Upon nounting an assenbly of cage 130 and trigger 170 on
each of mobhated lohake platfsrnd®) ald incOfdend weRigpad M6sto Miich the 2ippdrOehdaf risan@@is body
90, trigger guard 200 is assenbled with screws at 204, 205 and 206 around

t he | owesnregedi Pablo@ddt gréventdr stack @gas hsthil€l aovb ahadweligas 28 3 saisdilsorvegiger
170 in position on hanger body 90. Installation bolts 168 are renoved to
finalizenda€id Mhetatt! kdtdugendd HRRYArings BRMHALNord 2 RithiSthe de11 BBred PR B&habed,
ears 176, 177 on the lower term nal end 174 of each of the triggers 170 are

radi al | Yojuink dflbedt 296LMaS 2 Wil B &BGMed natetafidrd Ond)f extdeupfardiPgniitROES
204, 205, 206 of trigger guard 200. The upper term nal end 178 of trigger

170 is %W%?J}o%edlgégg%nﬁﬁggﬁceﬁ ggg?ﬁ%%gg}%& Hanger assenbly 125 is

axially, s y nounte anger i nner hanger 60 and is

dial i b : .
aner hangor “UBF e et ERBIRIN f W ihla &l Adtede RAGHRG BOGE el
illust 5 h nbl . .1 t [ 70 hh.fh
Lt g b R 0P A By SRR offe e e
Oin.the lo or triggerin 0Si i Fi gure 12

trigger,170 on hanger. . atio .

11 ust r ATEETe] o BEEE IR\ BFER GBI ERAY ) BOUFE £ G R iger L0 RS he
suspendi n sitian. . ~ o0 c r zoo2 - 21 Referri.ng now Fi.qures 10A,

o B andetrd Haness iR poaFeiiunSpuL BPdticrToh Rasrmged g Tiiing
suspended in i nner casing, hanger i.s lowered intQ the new rilled

bor Shol ShaHIGwr SHGIGR FAUE Natger The TFIGHER 708 2 biGwe e RAH R P oby
springs 1S0 against the walls of the various tubular nenbers form ng bore
66. The GesigBdlanggvihali insfudesan e landing shoWder Tor (SHRRpEHNE AGFTMELIRERFIRY by

t he engagenent of ears 182, 183 and flanges 159. The trigger 170 nmintains
the caget¥®034.n its radial inward and contracted position. Referring now to
Figures 11A, B, Cand Din the triggering position, upon the projecting
portions 184 A t@shold #ghesf drilled Jowthe Inpymbdisierersing stiing Bedynirally hgviseves-379, 72)
74, respectively) as inner hanger 60 is |owered with the bore 66 of outer
head 36,in¢hodiameter.t Entermedidteanagiagesing 3¢ andimtegmefiateecagg banger 86 ajedowerednn i s
received within annular groove 84. Tang 196 is deforned if there is a

m sal i grinerrhedidte irigere38 Wikh at asmlexgpndisuldadominteymedittwardnglbangen36 prgapipg 150
and is received within profile 40 of outer internediate casing head 36. As
trigger 170 noves radially outward into profile 40) upper ears or w ngs
182, 183 and |l ower ears or wings 176, 177 nove radially outward within

not ches 158 and T-slots 210. In this expanded radial position, the upper
termnal end 178 of trigger 170 noves radially out of engagement wth
downwardly facing stop shoul der 123 on upper lug 104. Referring now to
Figures 12A, B ) C, and D in the suspending position, the reception of
trigger 170 into profile 40, halts the downward travel of trigger 170 with
respect to casing head 36. Upon the clearance of the triggers 170 with stop
shoul ders | 23, the hanger body 90 of inner hanger 60 continues its downward
| ongitudinal travel with respect to triggers 170. In particular, the upper
termnal ends 178 of triggers 170 longitudinally slide onto flat 119 of
upper lug 104. As casing hanger 60 continues to travel downwardly, ears
176, 177 on the termnal end 174 of



220C1't~!'( - 22 trigger 170 and ears 182, 183 on the upper term nal end
178 of trigger 170 nove out of T-slot 210 of trigger guard 200 and recess
158 at the upper end of cage 130 thereby allow ng the further dodvh T 4002
travel of inner hanger 60 and rel easityg cage 130 fromits contracted
position. The dogs 1,32, |34, 136 of-cage 130 are then allowed to al so be
received within grooves 70) 72, 74 of profile 40 with bearing shoul ders
154, 1 ' ' : 78y i 70¢; : , such
that odiartiide SISRR D oBRF Rl SHEALRERLTR, | ol ROARERTe Chind SrigfRInel Mo

its d d, t I he i [ _beari 112 Qf 1 t
100, 109 et LR ERandET TEOTRGYS Sark TRl PRd aRsaddrae STy RO

surfaces 148. Likew.se outer bearjng surface 110 ves int.o notches 160.
The uPEHE? SHSTIRCD TIBOLHC 3 GrONETRILFES T ESuEd ToT-BPPEERF FryobiiPhces
112 of segnents 100, 102, 104 to be ramred i nto engagenent with the inner
ar cuat 281§ #1588 4248 of dogs 132, 134, 136 while sinultaneously the outer
beari ng surfaces 110 of segnents 100, 102, 104 are received wthin notches
160 of dogs ThgPorehele fonpraductinn Fasing| sging 4708 thep d5iled e the REdPeHPNSHING ‘der 161
engages bearing menber 114 and hanger 60 maintains each of the three sets
of segriepiedlyi ho48fién giaietsr,| apd Pxqslupidndcasing hangek 69 arsdevercd on PHIAUSHRIIBEPE ng t he
casing string 142 within outer casing string 34. The present invention
provi deisen 4thamgjk theshrnpermassambly 0o tengageh ipedfile 401 enbersinafies deseribed an fyithreg
capacity of the inner hanger 60 by providing a plurality of |oad bearing
shoul dedemilbeAiteeught dve shavar ahether barelnderay deldlled ¥62an ibddrnafst casimgrstidranger 60
and dogs 132, 134, 136 of cage 130 and a plurality of |oad bearing

shoul detypiciint MarResdf Utamkete?) fot Sébperlddfy BbthengRing Itimwitlioaed preRctisrocasing f aces
76 in recesses 70, 72 and 74 of profile 40 and outer head 36. In a

cement i fgnOPEE@h Bon grofRI@hol e is drilled through the outer casing string
34, and hanger 60, supporting inner casing string 42, is lowered into the

borehol e.  Uppendulené Qﬂﬁ"&iate@ﬁgt 6l of M¥hangess 1850 B, m@ﬁ@ﬁbmuf 8&0ds\Rd
within the bore 66 of outer head 36) |ocafor tang 196 engages 1ocator

shoul de I i 40 t1i gge r el [ rdly
by spri%Séﬁ%gg?pﬁﬁgﬁhﬁﬁéggﬁ?gﬁ%l%E%b?gbé% | e’4%5%?%ﬁ§%2%62¥§§§§§ﬁ%%36125,

E LL?%ETL&F%‘%%?‘ Rkt AihEBt ha:rae&%iﬁ%%*’?sﬁﬁé‘a"e%ﬂmrﬁ’ e
[ ' 70, 1 |
ravel | 19 Aot o SERTe A e site T bo mal B st ok st K

relations@. Wi th inner hanger 60 and outer head 36. Upon the suspension of
i nner cASHE 4%8fhg 42 within outer casing string 34, cenent is punped down

the flow bore 92 qf inper casi tring 42. The cenent fl qws. around.the

| oner term Pn%&eo‘%rﬂﬂ%Q e%cg;\?qséwiew igrf‘?gm% TSRS 1 Qr%Pp‘ﬁ?fgltyH&algﬁ ARFYNS
formed between inner casing. stri 42 and the earth wall of the_borehol e
hnd  efPrS (et e i GRiRRSb e BF1] ST CAHg. SR Aty ST G0 45,
34, respectively. As the cenent flaows through the well, the inner hanger 60
and i nnéccessiyeiygsmalier (fjameteryplippre (15 dsllgd wihensasing  itens, cWRIich ¢ He diesBataing
outer casing string 34. The ranmm ng shoul ders of dogs 132, 134, 136 engage
t he raniteReprevisicamentedinteyplges; e Sheyarinuins serygs ag pgisarst foy eytyring firlling myd 10ai t i ng
the upward novenent of cage 130 with respect to hanger body 90. Upon

bear i ngtheurésserescontrol appgotuaed theldrillingldg di beplpsfigimd? asdfpsdlondng esrent ntn
radially inward allow ng | oad bearing shoul ders 154, 156, 157 to di sengage
| oad bedhei mgllsurEazbesf 7i¢ hanggrod8esS07(nd726 hage ffw epasdesefepgiown} fot he

i nner casing string may be raised and | owered above profile 40 to assist in
t he fl owmmuhicetingetive atnuhrsaboek indebetont thiedienget to thedlowcafsdrillingsmnd agd eknend
ensure that the cenment fills all portions of the annul us around inner
casing string 42. The drilling mud and cenent returns are allowed to pass

t hrough |inear flow passages 106, 107, and 108 until the cenenting
operation is conpleted. 2 20CT 2002



- 24 Upon the conpletion of cenmenting operation) the inner casing string
42 and i nner hanger 60 are again |lowered within bore 66 to reengf?%t%?ﬁﬁ
beari ng shoul ders 154, 156, 157 with | oad bearing surfaces 76 of
circunferential grooves 70) 72, 74.- The cenent is then allowed to set up to
conplete the cenenting of the inner string 42 within the borehole. Wile
the present invention is described, for purposes of illustration only, as

used i NreyrfiYEllchnRat Ghsh g Haﬁgmg Jaf¥& £ e hi@inB! @8 QALlIng UBRPORI RMeMSLETD May
al so be useful in other app cations in suspendlng an inner tubul ar nmenber

froman Y Cp‘ags L;?waghxg dz gh' TR siehd ofhEE raeécewé%uwebwm@e art hiraUGh

bore sur downhol e well tools such as I|iner hangers and

vel |- pagKeliSee forft i ga.ng flth%%%errﬂ tﬁ% njand% e %ﬂ?argﬂdl xf%'l% RlRre ﬁe

suspendi ng an I nner n rom eac er in a
wel | byd5 l.ongi t udi nal novenent of the i nner menber wherein said | nner
t ubul ar ?Péﬂ%‘é ‘has an outer ci rcunf erenti al surface with at | east three

sets of at t hree, | ongi t udi nal aced radj war dl. t ndi ng
| oad bear i nglfﬁ%ﬁ%e‘?scas‘é‘él téucﬂe‘?s é’ 3 SR £A5HeI {ﬁagrb%é‘é%“ﬁbc&ﬂi{g ?2 avcﬁ’ut er
10 circunferential surface and being separated by |inear flom1£§ssages

t her ebefyigsignt @“H%@@Fe g?éwef'“ 'S PEAYY 1oV Resseesh thrquen Ggilendingrand SHPRRKG al |y

slidable on said outer circunferential surface and has i nvvardlé ext endi ng
| oad be&hquiders frs allgwing areadeqiptensiraylasige B grilling anudoandecsp§AdTeRENs Hrqugh dhe
bearing menbers on said inner menber; and said outer tubular member has a
non- r eskniules. vEhdmpdlinernasinglhanget systerbefthe presentrifventien isrparteylasly eldrected to
circunferential grooves; the hanger assenbly further including outwardly
ext endi mgspensich Hswmisfgr edvimg| sthings of @rrelatvely gmalier liamsatdr soth ahfer coppoadgandi ng
production casing string within an intermediate casing string. The diameters forming the annular
space between these casing strings severely restrict the space allowed to form bypasses or flutes
through the hangers to allow for the adequate circulation of drilling mud and cement returns.
The mudline casing hanger system of the present invention is particularly directed to casing
hangers of this diameter or smaller and thus the invention, for purposes of illustration, will be
described in suspending a production casing string within an intermediate casing string.
However, it should be understood that the mudline casing hanger system of the present invention
may also be used in the suspension of other sized casing strings and in particular, smaller
diameter strings as for example an innermost casing string such as a seven inch casing string.
Referring now to Figure 3, there is shown an enlarged view of the profile 40 of outer
intermediate casing head 36. Outer casing head 36 includes a tubular body 62 having an inner

cylindrical wall 64 forming a non-restrictive flow bore 66. The inner cylindrical wall 64 forms

the inner diameter of casing head 36. Profile 40 is formed by a plurality of recessed



20 | oad bearing surfaces of said outer nmenber upon alignnment of said inner
and outer nenbers; and each said hanger assenbly further incl uzi nm
trigger nenber for causing -said outwardly extendi ng | oad beari J Mder s
to mate with said correspondi ng | eagsbeari ng surfaces upon said 25
alignment. 2. A --systemaccording to'claim1, wherein each said hanger
assenbly includes a plurality of longitudinally spaced arcuate nenbers
mount ed oRrirdurhfepdndxlegroeveianeglindrkal WalB@4 anduhtgea ewdreansulangiooge 38, @ medial

i nwardly extendi ng | oad bearing shoul ders and said outwardly extending | oad
bearing shesdvdensanda ugpes gEdoRET7AC ALK bNGe lzfoovkai M, 22, Thivreian waahilpfacikg| d
35 arcuate nenbers further includes outwardly extendi ng carom ng shoul ders
adapt ed f QlowRRARGE FRBEnMffuoCRRRAN RArifsshASRS76 Bndal dbwiRees§ eking, upward
circum‘erer?tial gr(I%\e/esg.NI 220CT 2%02 -26 4. A system a%coroﬁ ng to Y

claim2, wWereh hugdtBniell caAhfnAdurtiad &, r@mgaﬂn@%hﬁm&aﬂe@mﬂ&%my 20°

recess for receiving said trigger nenbers. 5. "A system’according to claim

L KR et g e

menber and trigger ng sa 1 gg out war dl y.

7 gger byt e oy B o HE IRE R M Bhor bt PR 38; et
gomer TR T e S
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engagenment with sajd | oad bearing surfaces. 20 8. A suspension system
subst ant i afePerisSipsudeh et anfuas 1Pt rasrse 8¢ Jormmiae 28 CBMIEHY ifardp eartsvi R dly
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tapering arcuate locator surface 86 and a downwardly facing and upwardly tapering arcuate

camming surface 88. Locator surface 86 has a taper of 15° with horizontal and upper camming
surface 88 has taper of approximately 30° from the longitudinal direction, i.e. the flow axis 635.

Referring now to Figures 4A, B, and C, there is shown the hanger body 90 of inner
production casing hanger 60. Hanger body 90 is a generally cylindrical member forming a flow
bore 92 therethrough and an outer cylindrical surface 94 forming the outer diameter of body 90.
Three sets 96, 97, and 98 of three load bearing members or lugs 100, 102, 104 are milled into
the hanger body 90 thereby forming outer surface 94. Each of the three sets of lugs 96, 97, 98
are separated by longitudinal, linear flow passages or channels 106, 107, 108. Linear flow
passages 106, 107, 108 are generally straight and parallel to the flow axis 65 and have radial
boundaries formed by the inner diameter of hanger 60 and the outer diameter of head 36. This

provides a maximum radial width to flow passages 106, 107, 108 for the circulation of drilling
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| cdef uujlﬁn@? o %ﬂ&:?né?llé extends through the mid section of lower lug 100 and intermediate lug
102. Cbannel 116 extends into upper lug 104 forming an expanded flat 118 in inner surface 112
and an expanded flat 119 in outer surface 110. The channel 116 at expanded flat 119 has a
smaller depth, i.e. radius, than channel 116 at expanded flat 118, thus forming a step 121
between flats 118, 119. Annular horizontal recesses 120, 122, 124 are formed below each of
the lugs 100, 102, 104, respectively, for receiving a hanger assembly 125 including a cage 130,
trigger 170 and trigger guard 200 hereinafter described (See Figure 9). Lower lug 100 and
intermediate lug 102 include upwardly facing, upwardly tapering frusto-conical surfaces 101,
103, respectively, for supporting hanger assembly 125. Each of the lugs 100, 102, 104 have
downwardly facing, upwardly tapered lower terminal surfaces 105 for engaging hanger assembly
125 as hereinafter described.
The inner casing hanger 60 is provided with upper and lower sets 123, 126, respectively,
of centralization lugs 127 having a tapered surface 128. Channels 106, 107, 108 separate each
of the lugs 127. Centralization lugs 127 centralize inner casing hanger 60 within outer casing
hanger 36 and also provide protection for the three sets of hanger assemblies 125 as inner casing

hanger 60 is lowered or raised within the bore 66 of outer casing hanger 36. The tapered
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Referring now to Figures SA, B, and C, there is shown a cage 130 formed by a set of
three arcuate support members or dogs 132, 134, and 136 attached by a transverse longitudinal
member 138. A cage 130 is mounted, as hereinafter described in further detail, on each of the
three lug sets 96, 97 and 98 on hanger body 90. The three dogs 132, 134, 136 and transverse
member 138 are investment cast. A longitudinal channel 140 is provided through the center of
dogs 132, 134 and 136 and three blind bores 144 are provided in the outer surface of
longitudinal member 138 in alignment with the center line of each of the dogs 132, 134, 136 for
housing one end of a biasing member or spring 150, hereinafter described with respect to Figure
7. Further, a threaded bore 146 is provided through longitudinal member 138 above lower dog
132 for assembly purposes, as hereinafter described.

Since each of the dogs 132, 134, 136 is substantially the same, a description of lower dog
132 will also describe the other two dogs 134, 136. Lower dog 132 is an arcuate segment
having an inner arcuate bearing surface 148 and an outer arcuate bearing surface 152. The
radius of inner arcuate surface 148 conforms to the radius of the wall 94 of hanger body 90.
The thickness of arcuate dog 132 is less than the difference in radius between the inside diameter
and outer diameter of outer casing head 36 and the inner casing hanger 60 respectively. The
outer bottomn arcuate comer of dog 132 is chamfered at 154 while the downwardly facing bottom
surfaces 156, 157 of dogs 134, 136 respectively are tapered upwardly and outwardly for

supporting engagement with upwardly facing surfaces 101, 103 of lugs 100, 102 respectively.

Each dog 132 includes an arcuate notch 160 on the upper inner surface 148 forming an upwardly
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of inwardly directed flanges 159 for engagement with ears 182, 183 on trigger 170, as
hereinafter described.
Referring now to Figures 6A and B, there is shown a trigger 170 to be mounted on each
of the three cages 130, as hereinafter described in further detail. Trigger 170 has an elongated
body 172 sized to be received within the vertical channel 140 of each cage 130. The lower
terminal end 174 includes horizontal projecting ears 176, 177 projecting from each side thereof.
Likewise, the upper terminal end 178 of elongated body 172 also includes horizontally projecting
ears 182, 183. Three blind bores 180 are provided in the inner side of elongated body 172 for
alignment with blind bores 144 on cage 130 so as to receive the other end of springs 150 shown
in Figure 7.
Referring particularly to Figure 6B, the outer surface of trigger 170 includes a profile
190 configured and dimensioned such that profile 190 may be received within profile 40 on outer
casing hanger 36. In particular, trigger 170 includes a lower projecting portion 184, an
intermediate projecting portion 186, and an upper projecting portion 188 to be received within
annular grooves 70, 72, and 74, respectively, of profile 40 on hanger 36. A slot 192 is formed
between portions 184, 186 and a slot 194 is formed between portions 186, 188 for receiving
segments 82, 80, respectively, on profile 40. An aperture 164 is provided through portion 184
for assembly purposes in conjunction with threaded bore 146 as hereinafter described.
Trigger 170 includes a projecting, deformable, alignment member or button such as a

tang 196 which projects from the base of slot 194. Tang 196 has a generally triangular bearing

surface which may have a truncated apex such as 197 or a pointed apex. The apex 197 extends
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apex 197 of tang 196 is adapted to deform upon the misalignment of trigger 170 with profile 40
so as to ensure that the dogs 132, 134, 136 are received within annular grooves 70, 72, 74
forming profile 40 on outer casing head 36. Tang 196 avoids the requirement of stringent
tolerances in the alignment of dogs 132, 134, 136 with annular grooves 70, 72, 74, respectively.

Referring now to Figure 7, the trigger 170 is mounted on cage 130 by sliding ears 182,
183 at the upper terminal end 178 of trigger 170 into expanded notch 158 of upper dog 136
behind flanges 159. Springs 150 are received within each of the aligned blind bores 180 in
trigger 170 and blind bores 144 in member 138 of cage 130. As trigger 170 is received within
channel 140, each of the springs 150 is compressed so as to bias trigger 170 outwardly. An
installation bolt 168 is received through aperture 164 and threaded into threaded bore 146 of
cage 130 to maintain trigger 170 and cage 130 in the assembled position.

Referring now to Figures 8A and B, there is shown a hinged trigger guard 200. Trigger
guard 200 includes three hinged sections 201, 202, and 203 hinged at 204, 205 and 206. Each
of the sections 201, 202, 203 includes cut outs 207, 208, 209, respectively, for alignment with
flow passages 106, 107, and 108 of hanger body 90. Referring particularly to Figure 8B, there
is shown hinge 206. The terminal ends of segments 203 and 201 forming hinge 206 form a T-
slot 210. T-slot 210 is configured and dimensioned to radially, slidably receive ears 176, 177
on the lower terminal end 174 of trigger 170. It should be appreciated that hinge 206 has a

construction which is identical to hinges 204 and 205.
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springs 150 may be cast. The present invention separates the load carrying function from the
triggering function such that the external components, with the exception of springs 150, are
subjected to compressive loads only. This condition allows the use of casting.

Referring now to Figure 9, the hanger assemblies 125 are shown mounted on inner casing
hanger 60. In assembling hanger assembly 125 on one of the sets of three lugs, the longitudinal
member 138 on cage 130 is aligned with vertical channel 116 formed between each of the
segments 100, 102, 104. Further, arcuate dogs 132, 134, 136 are received within the slots 120,
122, 124, respectively, on hanger body 90. Upon mounting an assembly of cage 130 and trigger
170 on each of the three sets 96, 97, 98 of segments 100, 102, 104 on hanger body 90, trigger
guard 200 is assembled with screws at 204, 205 and 206 around the lower terminal end 174 of
triggers 170 to hold cages 130 and trigger 170 in position on hanger body 90. Installation bolts
168 are removed to finalize the installation of hanger assembly 125. As can be appreciated, ears
176, 177 on the lower terminal end 174 of each of the triggers 170 are radially, slidably
received within each T-slot 210 at each of the hinges 204, 205, 206 of trigger guard 200. The
upper terminal end 178 of trigger 170 is adjacent flat 118 of upper segment 104. Hanger
assembly 125 is axially, slidably mounted on hanger body 90 of inner hanger 60 and is radially
contractible and expansible with respect to hanger body 90 of inner hanger 60.

Referring now to Figures 10, 11, and 12, Figure 10 illustrates the assembly of cage 130
and trigger 170 on hanger 60 in the running position. Figure 11 illustrates the assembly of cage
130 and trigger 170 on hanger 60 in the location or triggering position. Figure 12 illustrates the

assembly of cage 130 and trigger 170 on hanger 60 in the suspending position.
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Referring now to Figures 10A, B, C and D in the running position, the production casing
string 42 suspended in inner casing hanger 60 is lowered into the newly drilled borehole on
production riser 44, The trigger 170 is biased outwardly by springs 150 against the walls of the
various tubular members forming bore 66. The radial movement of the upper end 178 of trigger
170 is limited by the engagement of ears 182, 183 and flanges 159. The trigger 170 maintains
the cage 130 in its radial inward and contracted position.

Referring now to Figures 11A, B, C and D in the triggering position, upon the projecting
portions 184, 186, 188 of trigger 170 becoming aligned with grooves 70, 72, 74, respectively,
as inner hanger 60 is lowered with the bore 66 of outer head 36, locator tang 196 engages
locator surface 86 on profile 40 and is received within annular groove 84. Tang 196 is
deformed if there is a misalignment. Trigger 170 then expands radially outward due to springs
150 and is received within profile 40 of outer intermediate casing head 36. As trigger 170
moves radially outward into profile 40, upper ears or wings 182, 183 and lower ears or wings
176, 177 move radially outward within notches 158 and T-slots 210. In this expanded radial
position, the upper terminal end 178 of trigger 170 moves radially out of engagement with
downwardly facing stop shoulder 123 on upper lug 104.

Referring now to Figures 12A, B, C, and D in the suspending position, the reception of
trigger 170 into profile 40, halts the downward travel of trigger 170 with respect to casing head
36. Upon the clearance of the triggers 170 with stop shoulders 123, the hanger body 90 of inner
hanger 60 continues its downward longitudinal travel with respect to triggers 170. In particular,
the upper terminal ends 178 of triggers 170 longitudinally slide onto flat 119 of upper lug 104.

As casing hanger 60 continues to travel downwardly, ears 176, 177 on the terminal end 174 of
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trigger 170 and ears 182, 183 on the upper terminal end 178 of trigger 170 move out of T-slot
210 of trigger guard 200 and recess 158 at the upper end of cage 130 thereby allowing the
further downward travel of inner hanger 60 and releasing cage 130 from its contracted position,
The dogs 132, 134, 136 of cage 130 are then allowed to also be received within grooves 70, 72,
74 of profile 40 with bearing shoulders 154, 156, 157 engaging bearing surfaces 76 in recesses
70, 72, and 74, such that cages 130 halt further downward travel. As casing hanger 60
continues its downward travel, the inner bearing surfaces 112 of each of the segments 100, 102,
104 on hanger 60 move into bearing engagement with bearing surfaces 148. Likewise outer
bearing surface 110 moves into notches 160. The further downward movement of hanger 60
allows inner bearing surfaces 112 of segments 100, 102, 104 to be cammed into engagement
with the inner arcuate surface 148 of dogs 132, 134, 136 while simultaneously the outer bearing
surfaces 110 of segments 100, 102, 104 are received within notches 160 of dogs 132, 134, 136.
In its lowermost position, bearing shoulder 161 engages bearing member 114 and hanger 60
maintains each of the three sets of segments in the radially expanded and locked position for
supporting the casing string 142 within outer casing string 34.

The present invention provides a hanger suspension system which increases the load
carrying capacity of the inner hanger 60 by providing a plurality of load bearing shoulders
between the load bearing members 100, 102, 104 of inner hanger 60 and dogs 132, 134, 136
of cage 130 and a plurality of load bearing shoulders between dogs 132, 134, 136 of cage 130
and load bearing surfaces 76 in recesses 70, 72 and 74 of profile 40 and outer head 36.

In a cementing operation, a borehole is drilled through the outer casing string 34, and

hanger 60, supporting inner casing string 42, is lowered into the borehole. Upon the inner
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hanger 60 being received within the bore 66 of outer head 36, locator tang 156 engages locator
shoulder 86 in profile 40 due to trigger member 176 being biased outwardly by springs 150.
Upon the alignment of profile 40 with hanger assembly 125, triggers 170 expand radially
outward into profile 40. Inner hanger 60 thereby releasing cages 130. Cages 130 are then
cammed outwardly into circumferential grooves 70, 72, 74 with lugs 100, 102, 104 further
traveling downward behind cages 130 to maintain cages 130 in load bearing relationship with
inner hanger 60 and outer head 36.

Upon the suspension of inner casing string 42 within outer casing string 34, cement is
pumped down the flow bore 92 of inner casing string 42. The cement flows around the lower
terminal end of inner casing string 42 and first up the annulus formed between inner casing
string 42 and the earth wall of the borehole and then up the annulus formed between inner and
outer casing strings 42, 34, respectively. As the cement flows through the well, the inner
hanger 60 and inner casing string 42 may be raised within outer casing head 36 and outer casing
string 34. The camming shoulders of dogs 132, 134, 136 engage the camming surfaces of
grooves 70, 72, 74, respectively, initially halting the upward movement of cage 130 with respect
to hanger body 90. Upon bearing surfaces 110, 160 and 112, 148 disengaging, cages 130
contract radially inward allowing load bearing shoulders 154, 156, 157 to disengage load bearing
surfaces 76 in grooves 70, 72, 74. After disengagement, the inner casing string may be raised
and lowered above profile 40 to assist in the flow of the cement around the outside of inner
casing string 42 to ensure that the cement fills all portions of the annulus around inner casing
string 42. The drilling mud and cement returns are allowed to pass through linear flow passages

106, 107, and 108 until the cementing operation is completed.
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Upon the completion of cementing operation, the inner casing string 42 and inner hanger
60 are again lowered within bore 66 to reengage load bearing shoulders 154, 156, 157 with load
bearing surfaces 76 of circumferential grooves 70, 72, 74. The cement is then allowed to set
up to complete the cementing of the inner string 42 within the borehole.
While the present invention is described, for purposes of illustration only, as used in a
mudline casing hanger system, the present suspension system may also be useful in other
applications in suspending an inner tubular member from an outer tubular member in a well such

as subsea wellheads, through bore surface wellheads, and downhole well tools such as liner

hangers and well packers.
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Ent r yWor dDasutrent €ubular member to and from each other in a well by

5 longitudinal movement of the inner member wherein said
inner tubular member has an outer circumferential surface
with at least three sets of at least three longitudinally
spaced radial outwardly extending load bearing members,
said sets being azimuthally spaced about said outer

10 circumferential surface and being separated by linear flow
passages therebetween; a hanger assembly is positioned on
each said set and axially slidable on said outer
circumferential surface and has inwardly extending load
bearing shoulders mating with each of the corresponding

15 load bearing members on said inner member; and said outer
tubular member has a non-restrictive bore including load
bearing surfaces in recessed circumferential grooves; the
hanger assembly further including outwardly extending load
bearing shoulders for mating with each of the corresponding

20 load bearing surfaces of said outer member upon alignment
of said inner and outer members; and each said hanger
assembly further including a trigger member for causing
said outwardly extending load bearing shoulders to mate

with said corresponding load bearing surfaces upon said
25 alignment.

2. A .system according to claim 1, wherein each said
hanger assembly includes a plurality of longitudinally
spaced arcuate members mounted on a transverse member, said
30 arcuate members having said inwardly extending load bearing
shoulders and said outwardly extending 1load bearing

shoulders.
3. A system according to claim 2, wherein each of said
35 arcuate members further includes outwardly extending

camming shoulders adapted for engagement with camming

surfaces in said recessed circumferential grooves.
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4. A system according to claim 2, wherein each of said
arcuate members includes a longitudinal recess for

receiving said trigger members.

5 5. A system according to claim 4, further including a
biasing member disposed between said transverse member and

trigger member for biasing said trigger member outwardly.

6. A system according to any one of the preceding claims,
10 wherein said trigger member-includes a deformable alignment

member for being deformably received within a locator

recess adjacent said recessed circumferential grooves.

7. A system according to claim 2, wherein said radial

15 outwardly extending load bearing members bear against said
arcuate members upon alignment to maintain said outwardly
extending load bearing shoulders in engagement with said
load bearing surfaces.

20 8. A suspension system, substantially as described with
reference to the accompanying drawings.



