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The relatively high pressure kick fends to propagate from a point of entry in the
wellbore uphole (from a high pressure region to a low pressure region). If the kick
is ailowed to reﬁch the surface, drilling fluid, well sools, and other drilling structures
may be blown out of the wellbore. Such “blowouts” may result in catastrophic
destruction of the drilling equipment {including, for example, the drilling rig) and
substantially injure or result in the death of rig personnel.

[0004] Because of the risk of blowouls, devices known as biowout preventers are |
installed above the wellhead at the surface or on the sea floor in deep water drilling
arrangeine:nts to ef‘fectively‘seal & wellbore until active measures can be taken to \
control the kick. Blowout preventers may be activated so that kicks are édcquately
controlled and “circulated out” of the system. There are several types of blowout
preventers, the most common of which are ram blowout preventers and annular

blowout preventers {including spherical blowout preventers).
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preventer, and as described in U S Patent No.
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tenperatures. SUMVARY OF | NVENTI ON 100131According to
a first aspect of the invention, there is provided a
nethod to reinforce an irregul ar pressure vessel,
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reinforce an irreguiar pressure vessel, the method comprising: analyzing the
irregular pressure vessel; identifying regions of high stress concentration in the
irregular pressure vessel; and selectively reinforcing the regions of high stress
concentration, wherein the identification of regions of high stress concentration
comprises generating a stress plot of the irregﬁiar pressure vessel in response to a
loading condition on the irreguiar pressure vessel. _

[0014] According o a second aspect of the invention, there is provided a method
to reinforce an jrregular pressure vessel, the method comprising: analyzing the
irregular pressure vessel; identifying regions of high stress concentration in the
in:egﬁlar pressure vessel; and selectively reinforcing the regions of high stress

_ concentration, wherein a loading condition -of the - irregular pressure vessel
comprises at least one of internal pressure, external pressure, axial fension, axial
compreséion, longitudinal tension, iongimdinai éompression, axial bending

moment, or longitudinal bending moment.



[0017]FIG | is a side elevation view of a bl owout
prevaathr, partly in section in which the ram
assenbly menber is illustrated and futr illustrating
two nms in a conmon housing in which one set of the
ram menbers is closed about a tubular nenber in the

i cal b he honc d the ther set of ram
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t he f t.he wout preventt. [00211FIG 5
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PObGsi ng @rhdrhexaalpdd 61%b6dlﬂleiftt; o tROGHEAtFonOfil Bceapparent from the
6 shows the results of

bl owau tl(gpnlr event gfi?g%qz FI G
fini REHFCTIRA e gpPeadgddams of FI G 2 subj ect
enl ngéﬁsiféiﬁgﬁﬁﬂ%ﬁéﬁ#ﬁ&ﬁ%ﬁﬁi Using on
{ﬁlﬂ?’?eat FIC. 1 is & side eievafion view of a blowout preveanter, partly in section in
" - which the ram ‘assembly member is ﬂiusﬁ:raied and further ﬂlusmng two Tams in a
- common bousing in which one set of the Tam members is closed about 2 tubular
memlrr in the vertical bore of the “housing and thc other set of Tam assembiy
'membcrs is open. _
[0038] - FIG. 2 iliustrates a half-section overall mods! with applied londs and -
bounaa:y conuxtxons accordmg to smbodzments descnned hcrsm :
| , [6019] _FIG. 3 shows the resulis of & finits slement analysis of the model of FIG. 2
- subject to apressure of 15 ksi.
' [{fﬁzﬁ} FIG. 4 shows an enlarged view of the results of FIG. 3, focusing on the sear
B  area of the biowout preventer, o :
- 0821} - FIG 5 shows an emlargeﬁ view of the resuits of FIG. 32, focusing on the
choke and kilt pockets of the blowout preventer,
f6022] FIG. 6 shows the resuits of 2 finite element analysis of the mode] of FIG. 2
subjeit to 2 pressurs of 20 ksi.
[{33*31 FIG. 7 shows an enlarged view of the results of FIG. 6 focusing op the seat
- area of the blowont prevenm*
10024} FIF § shows an enlarged view of the results of FIG, 6, wmmv on the
choke and kill pockets of the blowount preventer.
i0625] FIG. 9 shows the results of 2 finfte element analysis of the model of FIG. 2
subject {0 a pressure of 25 kst
00261 FIG. 10 shows au enlarged view cfth..rcsults of FIG. 9, focusing on the seat

" area of the blowout preventer,



area of the blowout prat/enter. [0024]FIG 8 shows an
enl arged view of the results of FIG 6, focusing on
t he choke and kill pockets of 1|he bl owout preventer.
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| nt er hal t e@elrﬁ}as%g\{/seanognla?g%g Eflew of the results of FIG. 12, focusing on the
choke and kill pockets of the blowout preventer.

DETAILED DESCRIPTION

{0031] Iﬂr‘ one aspect, embodiments disclosed herein relate to a method of -
Iﬁahufacturing or reinforbing an irregular pressure vessel. In other aspects,
embodiments disclosed herein relate to an irregular pressure vessel that has been
selectively reinforced. In some embodiments, a method to reinforce an irregnlar
pressure vessel mdy include analyzing the irregular pressurs vessel, identifying
regions of high stress concentrations in the irregular pressure vessel, and selectively
‘reinforcing the regions of high stress concentration. : 7

[0032] . As used herein, “iregular prc:ssﬁre vessel” refers (o a vessel having a ,

7 complex structure which may include multiplercornérs, rounded and sharp, bores,
moving parts, and othef various internal features generally not found in typical
cylindrical or spherical pressure vessels. As illustrated in FIG. 1 and described
above, a ram blowout preventer is one éxample of an irregular pressure vessel,
having many internal corners, moving parté; and mtersecting bores. Those skilled in
the art will recognize that other blowout preventer designs are possible, and although
not described m detail, embodiments disclosed herein apply equally tc other blowout

~ preventers and irregular pressure vessels. In some aspects, embodiments disclosed -
herein relate to 2 method of manufacturing a ram blowout preventer. In another
aspect, embodiments disclosed herein relate to a ram blowout preventer that is
seléctivély rémfurced. In other aspects, embodiments disclosed herein relate io
methods o selectively reinforce ram blowout prc\;antcrs. In yet other aspects,
embodiments disclosed herein relate to selectively reinforced ram blowout
preventers rated for operation at high temperatures and/or high pressures.

[0G33] D.uring- operation and, fo a lesser exfent, during testing (hydro-testing,

pressure testing, etc.), ram blowout preventers experience stress and strain based on



[00 9] FIG 13 shows an enl arged view of the results
of FIG 12, focusing on the seat area of the bl owout
preventer. [0030] FIG 14 shows an enl arged vi ew of
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i rregfPar™ re vessel, and selectively ' .
rei nf axigl il bel copgirwsise tohdshpghbeatipg EOmERic A5 PYy g oading
[ 0032] As,. used ' adt LELEG YA t8al Pre8BffuchivOE S@drd on the body
refer %’qubmgs Wﬁéﬁaﬁbﬁaﬁa a conpl Ex struct gr e U\/\hil.cp_" ressure
may i REtheddownut piepdnéer defrvEpd oPPBRSRSESYR QT SHTLISS, P

‘bores,; gpvig,,p %Fetséu‘e, apehi Qlodieh, Ml i PBrebsiing Mer@itudinal tension,
f eat ures”gener al

( y not found in typical 1 ndr _
or sphengitetial gpopsision. gealskading R%°¥‘FGPE 3%%4‘@3 %Frhd%% fgoment,
1 and lnqgrst sloR Gk ﬁéﬁﬁiﬁgg an@ wén@dffaBirOwdines) lmﬁm@ g ldag sive The
exanple of "an irregular pressure vesse v :
o ratbnatior AEHS oAby B Bt g 4 lpippeRc il B loading
bor-es.w;[d?%Q 541 hdv8 G kiBnitib@t @fiffactabr Ither eyelig fifez ef thigagquipment.

ot her' bl owout preventer designs are ' o
al t houynlyaBE e PerormeRe of Ao Ergglg?rl Emsé‘ﬁ%‘geg%h%ﬁﬁ? 8 98kous loading

_ di scl Qggghidie bRirfticagl vy Repealroyntt of wessanayreMige for enbancing the

preventers and.irregular pressure vessel$inhiNemgi®ures and/or
as pect¥sssebirpigtiRRRYRE flePa glE ehogr S rarae foa

. et hoq,,gggm-gmnuf acturing a ram bl owout preventer. In

anot her aspect,  enbodi nent.s discl j _
IR oot SHPSS AR (S5 b LEERLD G4 ) e
rei nf orgems andrpoRtifdriedhaigest for, anglybiog sirasses gudiFteens 3 ggotures or

herein relate to nethods. t . i MR8 WA these -
bl owout COpPERFET RS §‘:"’mfpﬁ‘ f/oe%n%g?ﬁ éfgﬁgg%g%%&ge Bf‘fagrfcnocfl) i me aﬂt s >
di scl osggnhessein sraitat or tanpans isttraken Jowk i BRTTRA Hifees @
bl owout _preventer.s,r 1o@PSH t 40 2@t sHabe@h The elemenis are
t enper a?‘gﬁsé’élmg?fﬁ%}enﬁpgﬂo{)%lgsur eeg’.é 0833 DilJJI‘i n N e i

oper at i gsunasddo hdve a sinipdifiedpattes b0 i (HEF3E 48 , efe.) and are

(hydro-testing, DlesSukeakaSdalcdGt cihcks dn edpéndfihosianints. The -
pr event EFE<eXperi ence stress and strain. b%sed qn o al
2008/ 03886GRCHeUB20 OPsgplgdcmathematically using basic: rules of Structur

mechanics, i.e. equilibrium of forces and continuity of loads, resulting in a large
system of s.hnultaneous equations (a mesk).

[0035] 7 By solving this large simultancous equation system with the help of a
computer, the deformed shape of the structure or component undgr load may be
obtained. Based on that, stresses and strains may be calculated. Suitable software

to perform such FEA includes ABAQUS (available from ABAQUS, Inc.), MARC
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| oadi ng conditions, many of which may occur on a
conti nuous, sem -continuous, or cyclic basis. Loading
conditions may include thernmal |oading, pressure -

‘,L@ngwg 01OF nechani cal Ioad| ng. For a subseapdewastorosct
prevent(%rgﬂ sé:ehr‘raogg@fSE)S% ,q;@g ?%,g&m@? (Rrallld AT BNSYS,

I s hot I'n 10,000 teet of
‘wat er dtc.)32ndng ditreess Sltinie dlem@dﬂs n’garmaneé@m inftheypff may be used.

intern | S er?rﬁgaﬁl I SR hdORad BE beneficial

BOP orquexgogr\qwﬁ% ePr?ngg a{%@%e%{e y %gg’gure acti ?1% -

i nwar d whlémsxmhbm;tg bighcdtrassiceal strm@gmwaynqéﬁl bl owout :

preventers nmay include bonnet and fl an8e bol t

{ [OPB6EN| ngApirelifiad BOPaerign andion siniies obm BOR dprppieiithreanalysis of
| oads, tﬁen%d?’e% NG MRAENtHy ASmPlChe hldfsls o hﬂi’@s and strain

condltl ons nmay | ncI ude at |east one of iptern

pr essurcenqeetstiprgroemaltk PBndesives Budle drpkid lﬁl SWBQFng that

pr eventglis{ als RREIRrei PRE HrinMGmPSIRIBS UfcRerDio SHilbbd Geltiques to
hi gh- pressure ki ck), external ressure

tensi orFmAKY BronBbIFRERTIGH 2 dPeisgPt ta ™ it P ey gt intemal

| ongi t ygi,BRma g@gﬁ%&ﬁ&i @ﬁ‘edu@é%r&hmih&lﬁ ﬁ'leﬂgad’iﬁmniﬂ;empt to simplify -
| ongi t udi nal bendi ng monent, riser. tension

bendi ng, subssap W@W@c@% riglﬁ'isgech%‘lﬁ;beﬁ énagtaﬁ%\?« tlre agﬁly31s ofa
- stat es.guhhfed Ab&NILL] ASFRA rhdiel bcmetajctedtﬂ‘cﬁsa sgibathers design) to

pl aced on t he rrent in oadj
condi t |°8ﬁ%1a°ﬁ1§9“?%%‘§f g5 e g‘#’ tigca eé\]c?“ai 5 (& o -smoothed
cycli c hddblem®f ndthersesyeti, privoel coﬁsta;lcnpd rfmg # $aoothed design may be

P50 var o s iRy & IR enE BIE R FRSE e AU, 36 cpaseine

anount shobulls Eﬁﬁ&sthﬂ@yrfcpmm,dmdf possiten fdlnei nfa tHQ? under various

| f f the BOP
b o b8, PET Lo TrEce ©f the
éﬁ)‘gﬁéﬁ Disc Gl %bjge!:t%réelzpz) Friy! ﬂla% $e So (RRA) »idR %r&s% rbl‘r ts@ain areas and

t an are useful and power B
t echni xqmsy ﬁh@ preantaktyars prgnetorlew salicdifd Sherrasuls of # finite element
structuy e, apaifz%?)ﬁ‘ﬂé‘ ﬁ%}faﬁm%&@ of:tﬂémés% uhder LY BEdiRY conditions,

stri ct'?f Wth these techni ques,
t he stmudteulﬁ@l o iden@irprstnanef high s5ess Reedgiensimie 'ff?gﬁli'ﬁ pressure

smal | piee e@nc@%ef HigH §t1%ssrﬂﬂé£§’§lre i@t Bl kBR tafehs Rby H@fel-d&blﬁned or
types, sizes and shapes. The ele Lﬁ—gflﬁfﬁ ct(assu

have amay hegnarkedder ng{.l{ugaqﬁﬂ PPN eIy Fcf:mant as will
quadr age(ﬁsmg&ga&r and-are connected at "nodes"

normal Iy | ocated at corners or edges of tg)i?l EE {3] ed
TH038I e e niPessibicelopchuniesss datip sendiphBrieBOA! ?fﬁ f figjermin
basi ¢ gpiest B Bl FEL! WsalenfBEDaRive; Sthesb nfy Hefide nbiatal bparating
of forces and continuity of |oads, ultin

ar go. By SweHIET SEHIH it 0 H14 BT o epatre extremes
[ 0035] ﬁﬁ{on?%t%‘r NGadt H418s. | T E:ra&ihgmbﬂd&ﬁﬁ(ﬂa& @quidtindmic typicai or

systemwi th the help of a conputer,.the d for ,
shape FPeqHerabes E:%‘t‘f%}l & BEREYRAY %W‘“‘&H‘&’e}f EHS fis Jreggney at

obt ai nEich BaweshdOfudnibet v eﬁdbl’e&ﬂ:ﬁﬁﬁlemnﬂhlﬁisr ai ns may be

cal cuI ated. Suitabl e software u
i 1803%Mes ABMDERse} 904 Qﬁﬁeem‘i‘tFr@ﬁnuﬁ%A : It?fc)q‘;,’leI\:/l&Efl}AEﬁI'ﬁl also be
WO ZOO&M%@M {:4i52 AT DTIA6 hil(vablai featbitess vabm (MB@ak). The

Sof t at l.abl e
- ANSYS T v g i o ERRm b RS p@rtl Wine on fu the

shape known. in the art nmay be used. Hexagona

el enents, though, are typlcalﬁy hi ghly stable and nay
be beneficial when simul ati ng high stresses and
strains across a nodel. [0036] A sinplified BOP design
and/ or nodel of a BOP to assist in the analysis of




the BOP may be used. For exanple, the analysis of
stress and strain concentrations of conplex BOP

desi gns may be sinplified by "sm)othi ng" that design.
WS adiskHsierein, the term "snoot hing" refers §@rys2007/079461
var i owwggep% 948 e R e isP ERkEM GRRMHpropoais dee

a desf or exanple, jnter NACE
cor neFsr exayiplaahiswdid m@bbetegtahléhﬁé@“él‘méﬁeidﬁ?ﬁtﬁaﬁ Iet Rster

2 gg ISIt FIIEJ grto%gen%st @S MRSt Bbablishe®bP Nﬂ%&ﬂi&h{)ﬁa} for testing of

These techni ques
anal ysil sndpasdickhepipmetd.ibuigresy ‘E%iﬂd B ‘Pé&%}?&g% chﬂ’ requirement
- constt “&&?&id bE %@% Fhas FRQEAS & WRiSk GNfidel sroB@bralicat etacking would
a

converge Initive result when analysis of a
non- seowt-hed nodel may not. As such, a nodel

V\In%pﬁﬁ}r ucte alfe pgmcﬁamttgﬁﬁ% FHESartEhs of iy PR’ cbasd iarerths may be

WA t o determ ne an overal r bul k., stress.:
condi etomingdy Thm &psilei sﬁgngth%f aﬁmﬂr{la&s ﬂ:lgslga_x’iqllﬁg amount of stress (in

perf or, é‘@lgg)ea dmgtgﬁjal RRS Bk Rhtgedaith bempre fﬂfurea Mesmd exeried upon a

vari ous condi tions

[ 0037]sBisia g]e g@f@g]estrems Eg\mlmsj/)dﬁtg 11-{) gtrffs a(‘te thehs*l:reﬁ% is foo much

Stress,Qfe ﬁﬁt&ﬁdl Nt @118 Sor@Btheiatlie md stfain, iﬂdﬁhﬁﬂ&@t@l faﬂat The failure
' pof a finite

are prone to
el enempméﬂféh%ﬂ?a? ﬁﬁ‘ﬁi"ﬁ’/‘}’r‘sﬁ%‘: ‘llwgat}%tésfl TEPEEATS of the
v gﬁﬁgj un d e Mﬁﬁ%dﬂn@@(ﬂnﬂl grafifidirdenies mayrthyn beuswd éxanalyze
ent

k i ons hress
the i rth aﬁmggﬁ i‘n%cgg‘e?‘lpﬁ}%‘ ?rﬁg[&ﬁ%e& Asntgr% erhithe loads
ar eas ffad el %Bﬁshcfefeaeto ghﬁ&ﬁe aatospBteramlytie of @hed%@? grf'é@)cr bolt’

or nmay be na al | ur gi )
or oo rtonds and et presnttc G e pRCE SRR ot ato
| at er .e[@QB8] Possi bl e | oad states or | oadi ng

conditions for_ the BCP uld be de b AP ted
i M2 he PM‘“"K@ (’rfer?t’ﬁ? 1cgi\i/n(‘em"g’t ‘g%lgh y tfmggou eé&erae

nor mal RPekat iBdinpe elsmett (anaijfsleg hA [ﬁrrges@mpr@lqapldkode]r q»f§léer blowout

t ensi on and bendjn MBS ese HIR RO featu
ot her |RIaEL ’Q?‘éé géfqﬁrapeﬁ g‘{‘@%néﬁ? ?%E]Lﬁ%at aessehong FEIE

i ncl udembypi @httedto gixp amtléd pvréfbrw&bafv%?qm‘és Ths ERRFFLNS @
and/ or- m ni num va P at b Géherate the BOP
‘gel“??’ ¢ ﬁgﬁﬁe @Q gte}%w Il&ﬁm b 8Lt plhorare the

t hese 188 conpl et e anal sis. .

[ 0039] Pmogrératd e:som:hmg lilee oeechBOR degipn-y g |} gy thay have
the BOP shoul d qg&tasmeﬁrﬂ%m @%ﬁ;ﬂhiﬂr%ﬁ@l}tﬂhe The BOP
maxi mun Al Fova e pea stress val ue

mat er i ainoqlnia)p@r&m gosergied fram & REP c}ggglal@taézp g)&lqe;[:a%sbﬁﬂ“cm”)

enpi ri cgl 10 A dAT® avaifle from Autodesk, Inc., and Pro/Engineer
2008/ 03%@8@%@%&} U%;Z%&/ 079461 alter natJ \%

e
provi deg{vaﬂawgmrﬁmtrw T““f huglogy) CAsps } @q’di g%mt?ed into the FEA

property ﬁ@gﬁaa{ agt- OK itBae@Ia, Qhe E(bll' Sodéaineg begyterted within the FEA
est abl i s‘%&’ ase on f| eI dt wher.e, under NACE

envi r onpeshesss (elgo ABASY é‘éﬁ“ﬁ%‘l?shed by NAGS

I nternational for testl of oi I, and ga "
‘ec[l{,}ﬂﬂp'ﬂe nt), N%éh%loﬁcg%cqﬂgﬁpas IP%){SEEE S%\é?( c? onﬁllllegl?éOIé in EA using

requi r gREpbe FRcOBethrdde), lHess sﬁﬂuamdﬂb@:rgt gopdigont re ecf the load

whi ch sul fide stres r05|on ack
R e iy

the BORps: mﬁlﬁn@h@d‘ h@ kandimays bmm the BOP model, a stress plot from the
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determ ned. The tensile strength of a material is the
maxi mum anount of stress (in tension) a material may
be subjected to before failure. As stress is exerted

W%S,?} JgRterial, the material strains to acc Sb-R79461
€ Sty comﬁﬁn 'R o Siest S RRAHER of Qirindgif the BOP model

material, Tt w g?er be able to stral :

t he rra'l‘@f'i’eaﬂﬂafwﬁ?dl dhe strges glofimay datepsnaand ghove the lqvpftcaapd praount
IS KNOyW\uaS okdherirdlih IBIE hERF b 15 R RGN 0adiBY é@ﬂ]i-{hﬁs across
“loading conditions and material properties may t

be usef¢Bglanal yze the BOP using FEA based net hods

‘ A'[fﬁﬂ:ﬂ? Fut ghl QRSs El&r 83 12001y R0 G PREERd 9 Yotk RBASthe performance
shoul d be considered to generate a conpl ete anal ysi s

of t heangdoharacerigtics of %lBlOPprmebaIéﬁwém’ wedebmpy e further improved,

char acfgiks Bop rﬂéie{im QeheH a5 a8k &Hreh@ﬁ@?fﬁédéf %my be re-
shoul d al so be use 004 (A\ g{e
il B CoRlah oY bR Ecke® risde)un b U0t pgplted i

use i NEAd® cfetem:hﬁltﬁieﬁﬂﬁr&hceéﬁﬁ@i ﬁﬁﬁ:@fﬁmo&ﬁcatmns or models. Otherwise,

t hree ona m)del of . t he hl owo revent er .
be gerfgrté%eﬁ@ I ispwesifsred geeR P efto Gy el pecified |
desi greriteial tig BSP Ryl ey sehed irctle nenudicie: SHeedd p@venter, as will

per for C acteristics. Thus, generating a nodel
may albg%'}in E‘fd{]’(ﬁk’ " he steps of inporting a BOP design

1 (pigsher at @hd hB_;e:BEBE’s oD del aband neh@Rbhinegodsh@rianpantied include

Cechni Lo B PGt PHORETBNTS “ST il g CHEAL ART  Epest sats

The B@ﬂtmmdelmmwxphremgahebm@ﬂb filteairesa sBER wih&hingey datke early

S T

Pr o/ Engayrteeisedav gitcadd sereﬁsrandstml plios thwri ldﬁnﬂiﬁfuigncglmgy)f high stress
Cor porc%};léegﬁmgpqthe@ rted into the FEA software

package ernat ve t he BOP nodel may be
gt¥dbht ed Whesh plotst fQEe}Ei%deeplasjkbegessd foasolpts ardxBAGLIS s@eveks exceed

PATRAN) . X

condi P?O %és]febg%; A%%%al ?'L E%ll eggje uAplgﬁ; '{H%Xée%acg 9055 )Eﬁmsp amcﬂlaﬂy
t he BGORtxdche Ito thlemelffemramewnd tidstisgregiireiricats @tdpdscrhmmgnl aﬂd gas
condit fl.e

BOP ne ﬂe‘? uf glehtt %I’Jre %(xglgplile gglgcgﬁ"hn dee@lA%EI) %ﬁﬁﬁ[ﬁerﬁﬁﬁ{e dgéjgen code
Furt heﬁay 1amt @ﬁm@mlr@m Iy efavatergl deld ge thabdvgigm B&eyelpmay be
BOP mdlehiaindi, SAlRSPndd Qfesdd &H}f t08ed W0, of base matetial yield include
2008/ 039801PCT/ USZOO?/ 079461 oadi ng condi tions

showi rfgalipreketst the BOP paelkctippbibaipiish a@’c%fa? inprgPores (Yqiécal bores,

BOP magglonfboRs 88 MeYigRMectibReoShE 88%icdd il hé®¥ntal bores). The
determ ne and show the | ocation.and amunt of st ress

occur rFSYYS mAY Upebeaeed tprglriae thedeplhet é'}eﬂlﬁﬁhéfr%’ﬁ ZpRE8 &) Fgess of
cond| tdpongeldcr oss t he BOP.

F.:

[06047] The identified high sfress zones may be modified in the manﬁfacture of a
BOP. For example, the zones may be marked out, in a spatial representaﬁon or
drawing, noting the depth and lateral extents (lehgth and width} of high stress areas
exceeding the allowable SBpeak stress. A confour plot may be drawn, showing the
Icngih,- width and depth of the local stress areas in excess of 90% of the base
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[ 0044] The stress plot nay be anal yzed and reviewed to

determ ne the performance and characteristics of the

BOP nodel. If the BOP nodel may be further inproved,
“Qp%&pﬁg sfOP nodel nay be generated or the cusdghbhoBieist

no may be regenerated (nodified). This will allow

t he B@RrdiROEEd sen®. fTHE blifke Biatsh af @ pbdlt sE&é\zms for example,

determine its perfornmance after furth
o o e B Qempeprus S e  She R e
aCCEDEﬂﬁkanﬁﬁdnﬂEﬁhSbamﬂaﬁmdﬁﬁﬁnﬁhkdsﬂﬁmah@ﬂdsﬁm@ﬂlHmwnm

d h
ﬁ;kbfg%%ﬂ%émgﬁyﬂ%ﬁ@pﬁﬁb#%$éﬁPMRﬂmgs QPI} ge descri bed

big0esy. 100HSbhb @mﬁ@jnﬁéﬁtﬂ Vlﬁsba&f mith'&li aiapﬁe Seﬂmﬂ'ﬁiﬂy elfforced with -
T A A A PR TS RS gy i
stres Savl(hSBmeala)z chtlaTlscla inky or tvadayBOB @qmnfﬁrdsmthe bése material

exanple the str e

fail ur%1 fifder e“ﬁetl/(lie};rl%iorrreg\zmg’ qom%éléﬁl den?lgﬁ; éondlf]ﬁ weld
resulKmmb@mghwmﬁﬁﬂﬁﬁgAnmaymeHMSQdmmmfgémeﬂatembmkmggiﬂw
and st o t di
T oo loBbfle Ba? o8 oblea ' B LO bR 0 87 Rl e clding
pl ot s prfoess, emmoetatlmaly%b@ ¢lardih et prodesto (IHF ecladingls aute-lreftage
wher € BLEES Sear SHIRE € R W QhbiREsE o?%}e o Mesey h@thbds. In some
streng Tt eas I n excess of 90% vyield are

parti @@Ib@#liﬂyﬂtﬁ oneet riuecleblayarmpehefuspdneish as aiiple dadthayige two
requi rlz%@@%a%e ﬁpgﬁ@da HAGR @id haae: 9 ?er;() & djcladdmg of up to 7 or
equi pnent . For exanpl e, for corrosive

'enV|r@ﬁﬁ%H¥%S the design code may limt nHX|num

Sfﬂb-@ n to RQ%ELmBRRdnkahe Bhe hileefitl ik séi@c%b&j?‘rellﬂfér@ed with a

cycle may be maintained. Areas where stresses

exceedled 006  Thsadad iplay.dp ivaliony copefimelEs. fiae be gypmk- At or press it

pocketigy rdch@esBPiPas k&ly JteR BN Qnd eaRRkal vaRRd BFace. In other
inner bores (vertical bores, horizonta

the i fivbpdimgqts, mlaaﬁnlfmaw&@e%w%@gﬁb ?E’%ﬁ%ﬂsp ofs.

bRos®) - Th?hef &ﬁi%lhy‘i o BW¥rIAL MGoRe eﬁﬁ&ﬂnén% 68y Bavk akBckh B or an
depth of the high stress_zones |n ss_of . O

yi el d anffwztlrIffﬂlﬁés qident POPoachE gh b othe, gutp the clad

ml'::dl fizQgy iy hdie aﬂ&fﬂrﬁ@@&&lﬂiﬁssﬁrﬁ th% rﬁ@’ﬁ’t)lﬁ%otﬁ)ﬂ@m kn@hes to about
the z

an y rke
repr eé}éﬁ? é’?“ﬁ%% %SP’"%’PMW& to r?B?‘F %"5 Hréci‘?felﬁtqq‘eﬁﬁ‘abmhments and
| at er &Jonaabbsgmtm ¢d aejaglto:m?amglhw 1ﬁi§f&ﬁ)3thilfe1ﬂbb@ihcﬂ:ﬁ ress
ar eas .exceedl n the _ a owa SthSS )
By o ot Bt A o Rt SRk BT B g mgpectured

and deptHe @fh-ithesth A& mey beasdan Q&ﬁuﬂcﬂorewﬁbﬂ& 1ﬂ’égu9ﬁ%essure

of the base WO 2008/ 039801PCV520 7/0794
yi el d Ve¥F e%&i ‘ﬁ‘a‘“\%‘ﬁ@"é‘ﬁcjﬁ‘ég 51 BROG Vit lW%‘e‘%l?!“‘e} made o a
stres Sllgh(‘lﬂ'ei%th Bnsy @@,mb@mi m ey be zm!sfmrdedado e low-strength

appr opr. uf act ur e identified
hi gh §?¢%' %%ﬁ@@“ﬁg?mf% En%%%gén .mﬁgly rei nforced
wjooszja hi gheithes taaﬁmlgﬁémtmb ®iise adetabdn die Iftt.q:nuﬁed high siress zones may

netallur caII h.th e nat :
errbodlbﬁer vﬁ%{ %é@ga % en Eérlmena%%n%l §e+eg{é§%égp¥/%o% base
rei nf msmﬂl Vil laxzamipid, nic&yseahaais in| ﬁhe igh elreseartes dieprdn ggnded and
the base material may be selectively reinforced with

an overlay clad. The clad inlay or overlay nay be

bonded to the base material using pressure, heat,
wel di ng, brazing, roll bondigpg, explosive bonding,

wel d overl ayi ng, wall papering, or a conbi nation

thereof. In other enbodi nents, the cladding my be
bonded to the base material using an electric arc

wel d cl addi ng process, a hot isostatic pressing

cl addi ng process (H P cladding), auto-fiettage

cl addi ng, | aser cladding, or a conbination of any of

t hese nmethods. In sonme enbodi nents, one or nore clad

| ayers may be used, such as a single clad having two

| ayers (base plus clad), a double clad (having 3




[0049] I n sone enbodi nents, the base material may be
sel ectively reinforced with a clad inlay. The cl ad
inlay, in various enbodi nents, nay be shrunk-fit or

"g‘:ﬁg&gfg%ﬁ!il into recesses cut in the body of the, 07/07946i

seal wel ded in pI ace. In other enbodine

the cl agiadc! @ TRYicRS SRAREhASHEOHERG ﬁetanlli}gl ﬁgAm the base

stress pl ots [OO&O] The clad inlay or overlay, in
some eM#E#lments, may have a thickness or an average

U HAEINESS B st cBolimBRS tlenEIBETe RintHb@NSH is akBd B4ARY of higher

enbodi nents, the clad |nIay may have an aver age

t hi ckn¥saeth maigsial PxFige bereoRatsRBut Irp oeD e{ﬂh%chté@t% dghe sclective

about QinfARmieRCRAGS be ff 05 BROMY 00 HYBE: EtRendBOMterfi 30 Qround or
i nches In‘FSé her enbodi nent and from about 0.125 to

S
about 2% W%P%?qws?%ﬁﬁher enbodi ments. [0051] In

ofe| enbodhdBdiss oPERSGadiint Moy Sk kodskd oﬁ Qﬁpm tto resist
parts manufactured of the hi’ gh- streng{gh al |

e,
used | FTTRBM I ENSIRRY W“Pﬁ%“ FPf 3 PB’%‘%YuP adh mechamicat

vessel strefgit (e%—x R hl&tﬁllﬁl@ichld)oﬂrﬂﬁ)&l& 1g@-alloy, subdtaRpeshe part to which
bonnets va made .of a hi gh- str

al | oy f &8 3gph iod ‘EB‘FF& edﬁ%@?““ﬁ%ay‘“ BSRELPYAY: cf’"i’%Pft‘ St‘"é“gﬂ‘
| ow stofetigiddding baterisltieoxpédieto hdéasigegml @msachpd of the base metal to
shrunk-f.it. int h od

Ehe- et istsApiet i ek At Ay Sieh PRR 0 SR Bhpected
may beomagh &meﬁhm\mttehglh ohihg her-alby rec dhde nmﬁlemclahs low-alloy steel
bondi nmet al. | y- t he base mater

exanp ﬂ%‘”“% ﬁe’“%as‘g‘*“ taf| [ Sofl hPth }?‘h“"ﬁ"?{ s‘P?"e‘fé“sw“%\Sr 0e’gtfsle Seigrively
be gr imidéded noh BOP H2AC8dSBBEDHROT maﬁ@@mﬁmﬁo opelate under

repl agg -
SPLSE e 0 SO P Q8D 88
enbodimesats andtl‘r@wsédsgc oparading giepdurss oewhant viry hlah ds:lcad:ed stresses
over | I

Tat er Ia‘%ll ]%tl]ilc‘ﬁ OFzE{grb%% n%ﬁ%‘tﬁ % gEl'afﬁdmgg)\efFlehl zbs%%‘?gth material in a
r ei nf dhigkneesripat Mé?wméulateéhcd@l:a&vé plragses éﬂhﬁhlglmé ptrength clad layer,

E ;; Z n %Eéétﬁg[rﬁ?g% latH BOP Al RHNRbPRATBGPbREL b GRESOLST 4rd o8 feld
components and equipment while meeting the strength requirements of the design.

_[0ﬂ55] © In some f:mbodiments, the base material may be F22 low-alloy steel, a stea]

| having approximately 2 weight percent chromium and 1 weight percent
“molybdenum. Those skilled in the art will recognize that other corrosion resistant

materials, having appropriafe corrosion resistanée, hardness, and tensile propertics

suitable for use i an oil and gas environment, may also be used. _

[0056] " In some embodiments, the clad overlay or clad intay may be formed frorﬁ

| high vield strength, corrosion resistant alloys, such as Inconel 625 or Alloy 625 for

example. Those skilled in the étt will recognize that other high strength corrosion

resistant materials may also be used as a cladding. Preferably, the cladding material

. is compatible with the base material. In some embodiments, the clad overlay or clad

inlay may be formed with alloys with much higher yield strength than Alloy 625.
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100541The choi ce of the cl addi ng all oy may be based
on its ability to resist corrosion, including stress
corrosion cracking, and its ability to add nechani ca

wd Jo sg)(glt, Hi(e.g., by a netall urgi cal “bond to tgemws07079161
["ow a

substr to th .
dpP¥iled aﬁlale aleys efe%fe 52 IF‘%&‘ gyﬁ%%g%@big Fl‘égllg fdg?eorf weld wire,

for e?@m& @r sthip Gll&tnicea gzirrwab:f cistdtile.g aldaniey alg bearalablg o tﬁg form
expected to at .
rr:? al oF HPEIAT epcfea%%be %uc? ina C}Iﬂﬁ_ﬁ% cﬁ%‘:ﬁh&f ’lth@& ah@ﬁ;&n y also
depos it aeilald inytheshos o Ib@ySCG gy ity frésaﬁéﬁiaé%ﬂ& gpetation.
tch th I .
Tapss] (Sﬁ o Icg g gl\ﬂéchﬁg ethOC{ Fb%#nﬁ%rﬁbi} axdd%Ige;ﬁéth&ﬁ&ﬁ been

str engﬁdgg@ﬁhehﬁmﬁﬁﬁn ﬁﬁcﬂmesbl@mé{peﬁmnfe P H‘tY%r gp b fgtermined

~sel ecti r e| nf.or di ef Qi ased depth of

her ei r}?afl‘i'g)?t\‘/ “Its acgﬁ}?‘ggﬂr%%%gggr ate u%der ) gess Drd h

pr ess ieeclaldide Irnaghzatyed‘vpelda!gulﬁ)@ﬂ e Alnyruseh@ fpanipg the gladding, the

20, 00% lgd;%%n«;?i XD, W RINA tHR eSSkt N vﬁlﬂgab e dilution of the
|

desig ng pressures or where ver

| ocal icke dnastrinkbssatnglran hewmepss vpd tiondy % f,l’a@ majspial tp jhe base

apply a 1u8s 43k $REEon T 1he NPk edRicay fia@d béch determined,
t hi ckneéés:qugrlcggw%uenca sulogt e the | ocalized

st r es gigscladdinglrdohingh be cgqs?lb n]é {93y &p qe%y 10 céasd tfl? entlre ram
inar %%D t Baticatrlyl oR®elorNAECEE i EmmabdﬁtlmMﬂ&tgd&e wettcd

for oi gas fiel co onents e
meet i rgritdes ﬂptrp@ﬁ@‘p’ﬁesr 3? 1cf Jcl%% tnthe }MH]%SP body,

[ 0055], A“Teé@m%eeamp@mmw ttmymamssmmterselamvdmuiabvea much
"F22 10

| oy steel, a steel havi appr.o £ 1
o1 ghtloperdsd AcRRRGHET S e DR ges b foseareas
nol ybq%qyggvelﬂ'ﬁw@ﬁngkl Iled in the art will recognize
that ot'her corrosion resistant rmt erials, having

am]}rl at EXAHRIIS on resi stance, hardness, and
i&ﬂﬂle pr ‘?{Qfefrsdg%wscbl Fi@bl & é%(ﬁlﬁplblﬁleludlng aﬂlr@rdﬂma‘ﬁ@ngggjdel of
Vir

nment, may al so be u q
enbodi n@nipgly dpsh@eé |1§&f40\1}%l],§ B(SJIP Javnl n’lisyg{}glnlg@ds aléd boundary.
f or med,fnhi@ibhshisehin Yhednalysds ﬁﬁn@b hhowmon FI5& 2o ased oh &5NH; Section-

allo ch_as I.ncon 1
Thosgsgﬁ li!qné-a C?l]‘,?rlfl,h& %(E Flfl(‘.:f was C(%S qegéerr’dtl + Ofor g?é?'ﬂ?ésﬁne high

hi gh S{chpagki EPHIY S QRirees h&hamssmcam high gewugf gpplication

be used as a cl addi ng pref i tined ab
ot er | QIR EBHEAGST B 'm Sﬁﬁghﬁ&%g%gt%e?%g 106} outlined above,
some. eskaBorBbd; gdoeirg Ivasl dosigedl 4y S%i&sf}’ci‘lhﬁss?f’rﬁlla]afﬂt%fﬂr high

be formed with a b Bh&howingh e edfighd) Based
t han APFEEycdssve H%/%M%d‘g@ 3‘@3@% u%g%ow 07%3%[11 ered
[0057] wexxmmumvm@wagn 3 emtawdu Gpt (feOF was consider
-available in th fafith LB \WER$ures@p (ST I3i and bore
filler a?%?%at‘# &Slﬁgﬁdgb Ioﬁt"u%%aﬁlﬂmasnd rmy\w@so i%? , frther
avai | abénqjeramrash@tcb B0 ofhegm angl Y?Fse‘?fd]lé%“‘? B 2%

ina HP. claddi mgdakt}e@y@nﬂagn @bk RSCC, or
avai | bt ﬁ‘ma“gteﬁgtrﬁgé ?Eés at m used in

aut o- f rcetrdsigerelated dihiin g‘mﬂﬁ@ﬂ%f’? it by Eﬁﬁ@g‘ie o' (51} Tr]ﬁidmg of higher
cl addi ng. B! hAd-PLEAERRAh el dliaddiong met hods
‘has beéh osen, he m ni mum t hi ckness and | ocati ons
of the clad Iayer can be determ ned based on the
results of the PEA stress analysis. The required

t hi ckness or depth of the clagging may vary dependi ng
upon the alloy used in form ng”’the cladding, the bond
formed between the clad and the base materials, as
well as the dilution of the clad material resulting
fromthe process used to bond the clad naterial to
the base material. Once the values and | ocation of
the localized stress have been determ ned, the

cl addi.ng all oy may be' chosen. It nmay not be
necessary to clad the entire ram BOP body.
Particularly, only portions of the BOP body,

i ncluding the wetted surfaces, the ramcavities, and




a suitably designed 18-3/4 inch Ram BOP i s shown.
Typi cal | oads and boundary conditions used in the
anal yses are also shown in FIG 2. Based on ASME

“ggfﬂ%/%gd]\{l Il Div-3 criteria, the BOP nodel WaSrus2007/079461

st gned either for high pressure high tenperature
({OGBHT) or Ferxche am?echmhﬂ'pms@ B2 Emanthl Ri@h hRIRes fbifig yield

appl i cati Xl |ications. forea I
The pra B LR e TP BT g At i) would
body geqretheyidd B0 dcelsm@rmomdeseattb sé j&le&inhl Ak vld strength

S criter for hig bov
b oh (REBePREHS P oo SR, Fstee e s were
- ASME Segipleat bided b TMOL'H Meth A.Batedoh dndubthyexpetiehecid available
BOP was ons der i ate
ST o SRRSLURLSRPRPEANG BbSt B bR S bgnen A ot it
bore tww.pﬁ'rmlmm lgvelt cBasﬁOEL thifhen uppetetahand Ofidipiasn Yield
of the,nndel I r [ te any
exi st ?Sng ggéﬁrg%ﬁso iéc nsﬁee%g& Mbéé;ls corrosion
cfisk} ng, %(BI)POFaSGmMIyMI fmnthreel dffiecht mayinunt opatating Qnssures,
be net_b ec her
ot ondehiat ki 2] et 5L ofs PO pRhork B fow. The 201
envir dmt’ceprbssssre\n@Q@@Sﬂ@B@@D@m@ﬁ@l?/C@ﬁMg [(@0BdfRbload at
the suf Egdigmpterial with a m ni num .
‘mat erl a y?og&d&£¢{Hé§)%S%S€\%s sel ected. Because
nfWédkary Pigs e shveotsdyiiehioadsaod bonmdirs ce(nlaWGHSTl)sed\muh@hnalysxs As
r educeﬂlﬁsﬁ‘%ﬁcy 'tﬁ"é gﬂm?@es?ﬁ‘é WA 4 Qg 1&i0 idj Eglecﬁjﬁ" tlglﬁ_fr&g external
final ‘mnimim ength for the materia or -
'~ SSCC gwresiBhe hvne RS Wa&a%ﬁﬂi‘lb prd the extompldpnpgratyie atas 37°F,
wer e %ﬂ@leﬁ}n% aﬁﬁ?ﬁpﬂ?ﬁﬂ) JMEJ“%L&]CMS%OME%@%E into acconnt
I ndustry experience and avallable test data, 1t was
obs er reghibi kading ccondidans mekhe Ipags| inglpde Twp PRFSIRR: tipRy éngion and

test. Wehding Igw/wfpr%glgg ghadtdaess | evel . Based on this,
an upper va ue of 0.8 MninumYield Stress, or 64

k106for Fzﬁhw&éﬁsmélthe finile elsmenichaplags awcbpraB] BIGS. 3-14 as von

10062%[ s BCR vagk, aRal Yot Wais fm&e efeegl 3‘ i@%wer bound stress of
maxi num oper af I Ng_ pressures, nanel I 0 ks

and 254ksiiwas i tg Ise@wﬂésghw HBS afea% Qlﬂféfif?aﬁ ZOII%%DVW&SI are

20 ksish&al & 81 BRsHifr&aASRIGERS- Saéh&@ seBaésy & the half-secuon ‘overall
separately _considering the the | oad_ at

al ongdRedel Gihey> qaszyR O%Qwéfféag S%ecfs mwd@%&ﬁ? @nd slose-up on the
-shows. cﬁM@' aadkill lﬂﬁﬁéfs ang. @qummﬁnym@eﬁlmsms A48 @dxm o thermal

t he anal t he pressure

i 45 SR (S Ty i b FPapresrir GGt HegR A e S shown in
pr eSSlBI@3 6 4. G Or-gl thewpaviRktits®es eSS RS Bbre pafdret(ith no thermal
.ext ern tenperature was 37F. Finite el enent analysis
(FEA) ° Ss)r he subject BOP was conpl eted taking into
apegsNt poBEIshIB14 aadi VIgS cedslivk RORS bord Pessduewslish a 350°F thermal
Iaﬂgl gﬂ%&&%{lsgd 4 eslr?%%gous (%15‘] eosn geﬂ‘ie?-lﬁgrgtlfu%?h onvgc‘twe heat
finit eraﬁﬂfanmﬁic;mahtymuad exaslsmm CFD &laGSis, Berd dpplisd in the sea
von m SSes stress, VM5, plots. For the VMS plots,

Fl Gs. & RS

eiﬁ}(poaedlafﬁ/\/er bound stress of 64 ksi was used
t B0G6| at eTiwd ksulits ghihe metidiedsicasdeas the@ighysiStreses Soa inetBe bore

~above 64 Ll ‘these.fig

Spow st eblis 808 AR e Blbeat RERRIL IR ER e bene
3), close-up on the seat high stress areas (FIG 4),

and cl ose-up on the choke ang,kill pockets (FIG 5)

for the 15 ksi bore pressure case (with no thernal
stress). Simlar plots for 20 ksi bore pressure (wWth

no thermal stress) are shown in FIGS. 6-8. FIGS. 9-11
show VM5 stresses for 25 hi bore pressure (with no
thermal stress).



[0065] FI GS. 12-14 show VMS stress for 20 Icsi bore
pressure with a 350F thermal |oad considered
si mul taneously as the bore surface tenperature.

e heat transfer coefficients hf,
‘%} ‘}g@%%r ate CFD anal ysis, were applied in tﬁgﬂhggowmwm
wat er @wpostd. desased hoosEp Fiss fevel fandicarlys heveree 81‘33*"""3"“3}*

i ndic e highestmat 5iReS aRad Gl cbﬁhdehsa B nimal
si de g%n%‘%ﬁst I?&hmgé\;/?/nere no trﬁer nmal | oads are .

Appl i egnscheanerpic %Q%g@é@]ﬁg@ptp@ congjepints. The mggeﬁ)s mglcate that the

2008/ 039R0ML REH USROR7{ QZQ4Rder @ i8S ToY he ﬂ%ﬁrlﬁaﬁlﬁ'@ (HPHT)
the inside stress |evel significant I%N wever

ext er MEplsHLBEBR T REHBiESHoTRIEE Y lgﬁtqngg@qmrements

ailﬁﬁﬁ'\k’\’e re NeQNg LAEh O thil thi ¥Blect HUPSSSIHERE Q)ribl)l(%@@manon
CE related) constraints. The C‘rarrgzro% Is [ n

that tf#eeld kerbee Preswes SX6h{%E 4 W o éB‘ﬁ% 55 1S sess is
i ssue fuote §4N&i, Bie@Rride BEFSIER ls(abﬂtﬁbiaelﬂﬁ&hﬂlﬁﬁ N(AK]?JZ environment.

o L shoui e oSt M e s

that tiguisk by 18 strBiatiose Mst)abl e for NAGE appl i cation
for 15 Icsi_bore pressure. g 1 faor

S M@] wherl&e VM diepseiores @0 %9 Clp4r VlS]l\EIYﬁ In t&% fesélgq‘or the
BOP st B ksil fhid Q3PK MokeR pr@bsyires, Udst bve if GIGNABEL and FIGS. 12-14,

envi ronnent.. M por nodifica to.the
" meshi r@spewylyeﬂhﬁ?eﬁérpg Rigf egtéf?); cgtﬁ)gi; Fnﬁegg? of 'iugg f\ﬂﬁg stress
hi gh sireRSSovcalaqe B1e llﬁghe);t st QR EHRIoWVRISSitsT &% che 20 ksi bore
zones above l.ear | | e i es
T e
. FIGS. @i dresnstcedeting.i 1512&1 345 olsespowing gleygrooTh eseat the top of the

str 'ess]?ﬁtokg?l'gsgse&;ﬂ%f %o }%ﬁt@ §59rﬂﬁ§i_ﬁﬂ%ﬁtg§ﬁmfﬁ?éss bt @B« top mating

VMS st ove est stress

. r enai nfangelaodv chB8et | dhsssef domt brdt BEloRd |W0l3]dr wdjpeegely peak stress.

FER Bl AN Zakior 96 NGBSk PR RypRRRRSUBLSS i bor

AR Zone vvlt Stress exceeding 1
observgdssmc@pmr@aume gr oove area at the top of the

ﬁ?ﬁ?ﬁgglsy 2 dgﬂtﬁ Ff e ﬁ% ?crn@sc‘ﬁ@%f&yb}‘ RAVERL 85t can be

%.S and “cont act
st r essedculatedmNASIR compeﬂlhiamﬂﬁmﬂébl sichyag dnserel 43 Mitp dkst minimum

St r €55 ML M. WYVRy 4 5695 SicRlsrddh 308 KOS D@D shscisty
be appFoprl ate’for 25 icsi bore Tgressure appl.jcation.

[ 0069] tha ' NIEFT Megfodi A deshi Gherefore.che base materiphyj taese genegymay be
t he VN%%{I%%S §1a@|“ﬂﬁ13a ﬁ%ﬂerbﬁreﬁ%ll ChkaloR GesiERlloy which has been
n

conpati bl e nmaterial, such conel 725 Wlf 120

ksi  mi miafied mepidhereadrraens oACHMRIT T /I8l
Sf\%@@gt h OfThv]# @%Aiﬂ'ééultg Qud¥iondiBhiw mgt};e ﬂﬁ&hz%dlﬁti-e‘ésfay of dne matcrlai

Met hod test. Therefore base mate Id at
these M@ﬁlﬂm92%’€0§e‘iﬂééﬁ°ﬁ‘éﬁaf§ﬁe@é iy pheap; Rjplebody at or near

strenghll 1814 A&l MRuk Shis! dbaytd @mm@tocdm(ihasrmaﬁaaffwed high

qualified to neet the requirenents %‘}Jﬁ% 01?5

| SO 151t58s arpay (/1 & hrebepsiangtibugieral g P BRGP

t f[%-;ﬂhe | ogRl k7L dvadayeaiRBesd fmdyheot MREE D &ixce.ed 0.375 inches to
encapsulate the localized siress that may approach 75,000 psi. A clad overlay
thickness with a minimem vield strength of 120,000 psi, thick enough to encapsulate
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occur within th250 to 0.500 inches of the ID surface
of the ram BOP body at or near the 18-314 inch
through bore. It nay be possible to clad overlay the

Vﬁ%%@?@%ﬁ)h'gh stress areas with a higher str mnowmm;

Ythat, is qual j f
clad diePraizedshpEHBs qqa%l%%ﬁ(ewgahﬁ Sl st be %"flw thirds
I nchesttie BRBARS yhl:ﬂts&eﬁéﬂe of D€ alad Lee sguied by tm:attasmytal This

i o G A B 20066 B e oL & huat g iferen

to enﬁfmﬁidb ald@scrivid aboO8/ 039801PCT1TJS2007/ 079461 t he

localized stress, may be capabl e of keeping .t he :
| B8] 7o Bmheewi v TR R Nr RE Ay rovide for
yi el d shdr@ing bl ohlyting BOPagbdtlayiiin FEYubingshesyantligs toasermine

nmet al overl ay qf her SkL.en t.h nmteri al
be acéBﬁ-.BP?’ssrf%%’“’b%‘i ‘5'% urlgr%er” ﬁi‘ P erent mzeﬁ bﬁal sgg%ounts of
descr ished. ahSWﬁumb@@Ea}EM@@GHﬂ@M@@lhn@mhgth@d@ﬁiiBCTtkmgm

di scl ased he ein.

gener at'Pig™ gﬁﬁpgna z%%%%g%@g%ngFykﬁ#gﬁh@g8&%%ﬁ§ﬂﬁ

- s{ongsp an ahy@am&gémslg,eimbmastdiseloﬁmbssmrre@pm‘séesdnrd@method
| oadi ncg e%%}h .'tnll 8 3 110198§ %g%@rl}aag bXSNE@rﬁﬁmﬁrﬁH'ﬁlﬁ?}oJr sirilar
stress. et 85y n Str ana may t

used tRPHRN hﬂmmadew gdidslingn, Thlqm]i'gmay] gat{sf_yeNACE peak stress and
per for r

pe ! RESE: Bl Bl IR LS Ry e
di scl deeablherus prevendy Withowi epeepsqdayorigngiiiesnee ¥ example, the BOP
- eSE?PL%@\W/F‘IaFﬂ %‘é/lga Alitn BRla Q@Sﬂogﬁh é}ﬁi@ﬁo&nof‘\%ted closures (ie.,

or simlar equi pment desi g
gui deltepvetsbly FhasinBhe fes) abot |as¢ylpmee lfﬁf‘é%wr é’llghe%réss‘érﬁd““'ks to

life clehfint Qe RIRRE Shat MRlyhQeed andweedikeRat 81 the blowout

di scl ose erein may provide for a bl owout preventer
MAth ancemel eased working |ifespan. For exanple, the

7 y bepiRagheds dhdideShdidth Aabptlsd Radid¥er BoRst hic@iEers rated
repeated closures (Le., repeatably closi

s eal diepoperationag hlglm &@ﬂ;@qatumssaéﬂ ﬂessaxfes h F@qqexﬁmglg,sqﬁl@dlments of

ki cks hOpHehg idvefted asdcifed RakineS bd Kedtivemy re@ddredicho meet the
" the working |lifespan of the bl owput prevent

[OO74PEWW@HPH%$TQP%W§EP%Q@HmH@g@ﬁW ?mﬁrgggﬁ§gwk%kg5km,3ﬂ
for bliayehighte0ait efsodidéofiths biopert atevaitradisdidsghBarein may

t enper atures and sures., For exa
of T hebRF b6 R BUER ELE deger Bt By ioag! e Sperating
sel ECtthQératur&@tsml@Mﬁ]ﬂFtwochemtmg}he r equi rerrents for =

: operatlon at_ hi her 0 I eSS such as 20
(U73hs ks Aovapisdenh? BEbS Gk PSR o G RER; 8 rygod v
the bl awegkuR £HEP b&f}&hﬁ I1§16és@:ﬁﬁ@ ﬂ’(mraﬂmtmgyb thﬂ!lufacture the BOP

sel ectj vel relnf et the reg n
oper atl?ogﬁ % lgr % eﬁaﬁlgt co{rgﬂ%er = %‘P{egﬁsu%ﬁq c‘%r meet the
250F, @@&Ememf ojhmgﬁﬂ MR §106.7 Thiddhveapet alipeoersinywiew ofthe faot that the

enmbodi nent i.scl v
manuf aCfUFE “ﬁ%ﬁ%bgglqfﬁé?a“%gﬁgﬁ%%éos 0§5¢ﬁ}&%%’LQWSﬁUm
at t enpth gl bare ﬁmﬂlﬁm surigeds hIBmeule]dyfelfﬁi@ﬁhaareg@rqddmthm that

hi gh s corr Si

the. r U PanE e Br AR TRiipERb PRk EEDyRREhent of
true i mmgmfdeslm sbalott sulfida strebsecorresiqramiacking (BYG@rmycpyrosion
of the body beneath the clad |ayer 0.250 to 0.500 '
~inches fromthe well bore fluid wetted surfaces may
be nuch | ower that that requiled within that

| ocalized stress zone. O her enbodi nents may provide
for the enhancenent of existing BOP designs so that
sul fide stress corrosion cracking (SSCC) or corrosion



WO 2008/ 039801PCT/ U82007/ 079461 related limt
conditions may be net by selectively reinforcing the
BOP with higher strength material suitable for use in
d gas environnent. [0076] The sel ectyShuShoro79461
m%%%&%@1ng alloy will be principally basedéon t he

I ncr eagped MRGNBRiGRL mil be Aet by &fecﬁv‘a@ reihRebilgayeBORRdth higher
may al so be based on the netal i cal. bond achi eved

bet we efrepgimatpripl syitgbie for yprym f“?‘l%‘ &3 PHFEmeRy
ﬁﬂjﬂs] onal 14 ;I;e[éc@éhttﬂ' ﬂﬁfclefdm th@@vﬂl Bé’@{ncimy_y lﬁ@edtdﬁ&he increased

corrosi on resi-stance that t %addlp % WE eallirgical
cont r i Berhenieap strameth i Biigiad yeé\y.g jray als on the metallurgic

at t ri bathg aftievbd Bettendnd @&tﬁfayﬂr snd thabubatite. SAO bddufpnal attribute of

gougi n of the interior surface of . the ramB b o -
~ i's not FIR‘H%FIF@YE’Q et e SR e %@E&ﬁd%g?ng éoyc‘?'g)émmbme
“layer @ltheombiag bllfeeencdr aetnbtagremme eftthd éladiieydr Gs fhatomng storing or

823 olsioéﬁggilné 9 $h? § moarslrr 2 rﬁ(ﬁ_}e %&P bgcp is t)mtll elgl to extend below
cont i ngeseftp opthotord tiayeh eudmwg/thé nlamayhetomomnung) ;*rotec’f the low
CorT 0SB 2H TR L NSRRI 18Rk PR B st o
be easimptimentd pratssihe betyl @ont the pigting gprmsioh afient ﬂ:@drléﬁﬂélwvmﬂs of
of si ! Rliked¥ e S8 17tk BRY b eier and |
[0077?ﬁb§%?£E; ?ﬁ%@%?gg ﬁ%@ %een deSCE§%Gd§MA eranciess
res pecmsﬂwtoaeﬂformthemdhmum@ sipfiladaivagsi tﬁﬁﬁt‘%ﬂ*ﬂlﬂﬂé‘%‘ S“bﬂtfate
SRS, L RSl g iy e
can beemi:mdnzsaa‘d sirobec kit frothedasp aaying rhsasfi f tisofieriespre, will |
Lne YRR RSl SSRGS e BEARL 08, adob o e
“at t achedpcifahavgyential g disloged barre tArserdinglyr B¢ fiops efeth%ﬁl"e“’mﬂ
) ffegU!;h%ﬁndmgﬁaﬁaf&],vkﬁ&ﬁ@;im&h@;aﬂ@t hod COWPH si ng:
anal yzing the irredul’ar pressure vesse
identifying regions of high stress concentratlon in
the irregul ar pressure vessel; and selectively
- reinforcing the regions of hlgh stress concentratlon
wherein the identification of regions of high stress
concentration conprises generating a stress plot of
the irregular pressure vessel in response to a
| oadi ng condition on the irregular pressure vessel.
2. The method of claim1, wherein the irregular
gaessu:ﬁ ées?ellis alraaLtype b{gmort greventeg:t_s.

e nethod of claiml, erein e | oadi ng condition
of the irregul ar pressure vessel conprises at | east
one of internal pressure, external pressure, axi al
tensi on, axial conpression, |ongitudinal tension,
| ongi tudi nal conpression, axial bending nonent, or
| ongi t udi nal bendi ng nmonent.
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4. The nmethod of claim1, wherein the selective
rei nforcenent conprises a clad overlay. 5. The
nmet hod of claim4, further conprising selecting a
t hi ckness of the clad overlay based upon a result of
the analysis of the irregul gfigoressure vessel. 6.
The nmethod of claim4, wherein the clad overlay is
formed by at |east one of electric arc weld cl adding,
hot 4 L c.; : j
101 o SEIoR el G e APE bl ke Rk R gmprising
sel erglyziegitkd infeguige messureyepsdlises a clad inlay. 8.
The [ [
chr (AR StaiEhE oF!foh WHEEE dankelftolBh B, th imeguiar pressure
vesselegul ar pressure vessel and welded in place. 9

The r t S
shap oy R, fnGichThd iR ! iReebafteTadh
- analwhsirgin ghe tidentificatiog uif aegipre st bigh sieess eloncentraion somprises
| U I
géﬁ@?aﬂﬂ@ 4 Qtrés% ﬂgt‘)E)fﬁ]aeﬁgre9ﬂI%ﬁgl'%s%ﬂrep%%§§l f‘nereg&?%gsta 3 Mading
-copdiggrebn the Ifregulall pfessure yessglr egi ons of high stress
concentration in the irregular pressure vessel; and
selectively reinforcing the regions of high stress
2. condéwt mathpdrof claim 1, whehein dhe irgedutsa direRgUTD MEHiSE] Sra im-type
bﬁdﬁm é@g@rar pressure vessel conprises at |east one
erna pressure, external pressure, axia
tensi on, axial conpression, |ongitudinal ten3|on
| on ' -
3. | ong[:h{eﬁétﬂgdi oﬁ@%ﬁg{ ?Wr{eg%g riil"i’é(log TB%%:&“ ﬂ'F guﬂ{ glrer%sure
vessk| compriggsnatt lrasti qneecgfuhfarnqb Ipwgunee evtes@élprassura, axial tension,

(o] f . ai -
ax%g@om%sesmﬁ hﬁlt rngrqgrﬁsgcga i Igrg]r&lt ; egl i rﬁﬁ i%{'ﬁeﬁ L':Endlng
mahedss Icmiuémamandm roomprti ses generating a stress -

pl ot of the irregular pressure vessel in response to

the | oading condition on the irregul ar pressure
_ 4. yesdéke.method of claim 1, wherein the selective reinforcement comprises a clad

overiay.

5. The method of claim 4, further comprising selecting a thickness of the clad

overlay based upon a result of the analysis of the irregular pressure vessel.

B. The method of claim 4, wherein the clad overlay is formed by at least one of

electric arc weld cladding, hot isostatic press cladding, and auto frettage cladding.

- 7. The method of claim 1, wherein the selective reinforcement comprises a clad
inlay.
8. The method of claim 7. wherein the inlay is shrink-fit or press-fit into a recess

cut in the irregular pressure vessel and welded in place.

9. The method of claim 7, wherein the clad inlay is shaped based upon a resuit

of a finite element analysis of the irregular pressure vessel.
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13. The nmethod of claim 10, wherein the selective
rei nforcenent conprises a clad overlay. 14. The
nmet hod of claim 13, further conprising selecting a
t hi ckness of the clad overlay based upon a result of
the analysis of the irregular pressure vessel. 15.
The method of claim 13, wherein the clad overlay is
1Cf or med1elmodatb réinfaste alﬁeregvjlalqiress*.uré gesset thendthod @dohipriging:
. 9 %ﬁ w&g % Bresa_% a%% ng, and auto frettage
AG G TItE PRREITREPRSE of clai m 10, wherein the
selad@ﬂﬁpngeegbmscﬁﬁmmtsﬂempmbaesmaﬁmhadthaHangadbmmswe
ve ﬂ%}hod of claim 16, wherein the inlay is
§ﬁ? fit or press-fit into a recess cut in the

I 11 egidctivelp r@sfsmir@ the sgpdnsan dighedtrdssl conceptratios,  18.
The t hod ,of ,.cl

.16,f ereiqthe.cladin-a LS tl

shap¥ rs'aﬁéaa%%ﬁo R 11 IFPILAR PTRPTHLS LpaSikpgmPprises at least
or@naf yisiesnadf prebmure r erigriahrprpgess, ubrial dsisddn, axial compression,
longitudinal tension, longitudinal corhpression, axial bending moment, or longitudinal

bending moment.

11. ~ The method of claim 10, wherein the irregular pressure vessel is a ram-type

‘blowout preventer. -

12. The method of claim 10, wherein the identification of regions of high stress
concentration comprises generating a stress plot of the irregular pressure vessel in

" response to the loading condition on the irregular pressure vessel.

13. The method of claim 10, wherein the selective reinforcement comprises a

clad overlay.

14. The method of claim 13, further comprising selecting a thickness of the clad

overlay based upon a result of the analysis of the irregular pressure vessel. -

15. The method of claim 13, wherein the clad overlay is formed by at least one of

electric arc weld cladding, hot isostatic press cladding, and auto irettage cladding.

16. The method of claim 10, wherein the selective reinforcement comprises a clad

inlay.

17. The method of claim 16, wherein the inlay is shrink-fit or press-fit into a recess

cut in the irregular pressure vessel and welded in place.

18. The method of claim 16, wherein the clad inlay is shaped based upon a result of

a finite element analysis of the irregular pressure vessel.
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