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pressure vessels used in the oil and gas industry
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[0004] Because of the risk of blowouts, devices known as blowout preventers are
installed above the wellhead at the surface or on the sea floor in deep water drilling
arrangements to effectively seal a wellbore until active measures can be taken fo
contro! the kick. Blowout preventers may be activated so that kicks are adequately
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).



preventers, the nost common of which are ram bl owout
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cutout in the middle that corresponds to the diameter of the pipe in the hole to seal
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the well when the pipe is in the hole; however, these pipe rams effectively seal only
a limited range of pipe diameters. Variable-bore rams are designed to scal a wider
range of pipe diameters. The various ram blocks may also be changed within the

blowout preventers, allowing well operators to optimize the blowout preventer
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high temperature conditions (above 15,000 psi and greater than 250°F). Particularly,
ram blowout preventers rated at working pressures of 20,000 psi, 25,000 psi, and
higher and working temperatures of up to 350°F or higher, may be desired. Such
blowout preventers would need to meet the design criteria for metallic oil and gas
field components, such as those requirements established by NACE International

(formerly the National Association of Corrosion Engineers) and the European
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corresponding to the manufactured ram blowout preventer.

{0014} In another aspect, embodim‘ents disclosed herein relate to a method to
reinforce an irregular pressure vessel. The method may include 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,
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[0023] FIG. 7 shows an enlarged view of the results of FIG. 6, focusing on the seat
area of the blowout preventer.
[0024] FIG. 8 shows an enlarged view of the results of FIG. 6, focusing on the
choke and kill pockets of the blowout preventer.
[0025] FIG. 9 shows the results of a finite element analysis of the model of FIG. 2
subject to a pressure of 25 ksi.

[0026] FIG. 10 shows an enlarged view of the results of FIG. 9, focusing on the seat

area of the blowout preventer,



[0021] FIG 5 shows an enlarged view of the results of
FIG 3, focusing on the choke and kill pockets of the
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COTNELR artW ?e%ggmzaer}ﬂat o'i;h Ql’owgl%rp%sv'enter designs are possible, and although
not described in detail, embodiments disclosed herein apply equally to other blowout
preventers and irregular pressure vessels. In some aspects, embodiments disclosed
herein relate to a method of manufacturing a ram blowout preventer. In another
aspect, embodiments disclosed herein relate to a ram blowout preventer that is
selectively reinforced. In other aspects, embodiments disclosed herein relate to
methods to selectively reinforce ram blowout preventers. In yet other aspects,
embodiments disclosed herein relate to selectively reinforced ram blowout
preventers rated for operation at high temperatures and/or high pressures.

[0033] During operation and, to a lesser extent, during testing (hydro-testing,

pressure testing, etc.), ram blowout preventers experience stress and strain based on
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bl ool rea FE GFsoira SR P il Capiseoy ghAab enson,
t enpefoabididanl 3BEHREsidN, GRiaP bersdny ﬁﬁmeﬁt@@cﬂ{g]tudihml regding moment,
operation and, to a |lesser extent, duri

t
Chyr tser épeiongnd Brriney el eRBETHE, SxgpiRcy an o o etes. The

pr evepketsic L ¥PRHE 1606 @tre%E rsﬁ&?} el 6t ER d’dluip&&ﬁiddurmg these loading
onl oadi ng conditions, fp

whi ch q’gy gciy og %i ] )
conti ncmdijg)ns Y hqy@rﬁ |51rgg gnt 18],pa<gyca] § L_fe O é ﬁ%ulpmen .
condi ti, 05 S geff&llﬂég@e 4tha 'it'i@éulal“ E@Qﬂu&gvess&[ @.&ﬁddf ® various loading

| oadi ng, “or~ mechani cal | oadi ng or a subsea “E ? ﬁ@ h
pr evenerslitions kkarserizd bl langs ﬁwn@&fﬂrew BIOYids fop Spipncing the

Is h o(/es(sg égm%l}ﬁrgg kOt é t%rfoﬁnin@@ at @6 BOP 2 QighBOempabtuedh and/or

wat er ressure |l oading may result from
i nter pwlssu(rewel | bore) pressure acting outward on the BOP

dhpddiom MY iRkt LaRR @@Sﬁﬁfﬁ&cahﬁ&t'm@ﬁ@ (FEA) are

owout preventers
may i ngkdfidlend powetfulandniduenfye abadyaing $tg:[sﬂe@ achgrains in structures or

prel oads, axial tensile. and Y d  with th
bendi nGOHBIHEAT 400 AAMRIFY {0 a?at?%glr@ag&&i&' &ahg?agﬁ%crtl@arm 1 These
i ncl Ud@eoﬁﬁlqﬁ@ﬁﬂiﬁ: spngurefor lcdﬁhmnnntl is pro&ers doven mccsmmgsmall pieces (a
out war d on th

ve at
nor mal TEHeAED ‘T"fg"%ﬁ)/e&egﬁ 8{352}“03 ng%{azgsh Jgan ]?éé;'s o Slements are
ki ck), aexinef ﬂﬁﬂlav@ﬁeﬁﬁdlhﬁed paaoefnedf dbﬁrmmtmn (hmr, ghadratic, etc.) and are
conpr essi on, Iongltqdln ensi n
conpr esenshted gl modes) é‘r%"f‘ lﬁﬁarsfr%ﬁ{{ °°f“8‘f%g‘?rte§ noa?lfll the clements. The
bendi N RARNAre thes Q{ssdnﬂﬂ‘éiil afathemdtidadin disivg, basid rules of structural
tenperature extrerre ot her, |1 oad. st

i Nt ensiMecBanicss i ¢ rsgui IBE%HI gggrggssangtcg?tggutﬁl gioéags res ﬁﬁlg in a large

equi PELied uf siddiidesseeqhard ponaandi tions nmay have a
significant i1npact on the cyclic life of the

eﬁiﬁ'?sgrent By solving this large simultaneous equation system with the help of a
computer, the deformed shape of the structure or component under 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



Anal yzi ng the performance of an irregular pressure
vessel subject to various |oading conditions
w@basagiseri zed by | arge anpbunts of stress nmay PCDVUSHO7/079461

for enhanzblgoh SR sRhred@sh@ation), BRI ANENY (ivalable from ANSYS,
performance of the BOP at hi %her t enper at ur es_and/ or

pr essulnes anjaye vMerspi Fipifect ety SBRaIPeys N BEAS mfpycpe used.
fini t eyl eamtleaRakY best RRAypREBy HRBlyUdakid 8nd 8148 'deUeneficial
techni ques for analyzing stresses and strains in

st r uct whesssimyplatingripgindisssss Mdstrainpres: 2e9dghal yze by
strictly analytical nethods. Wth these techniques, )
{00863t r uctAusipbified BRBoiseian andiorynesiebpl +IBRR to Atst ety analysis of
smal | pi. eggp fn@%fﬂ)eﬂ'uts@d. nuﬁﬁe'éxeﬁ’ﬂipié | @etaPkisObf GaEOWKI strain
types, sizes and shapes. The elenents ar€ assumed to
have acwiempiaiidrised qomiplearBOR Hesigt onayels omplifigdnearsmoothing™ that

Auadt hdsfin CAC uhedfieif §8§8W9&%cﬁ>gmi€%‘” reRES VariE Whhifues to

| ocate corners or ‘edges of ement s. ‘

el enengisiphfye dolmplexassmetin efth desigh doratsé with [Fl2 Ay dion graymds, ¢nternal
rules of structural. hani s i) g-ri N
o oot DRl TREDEILE ol R O ol Bl o simoti
syst em efbsajuontlyt ameouctedanetat. i Tinse (cahnigsh may[20083he Balysis of 2

solving this la . Sinmu neo equat i t | .
the netpied gl foi TR RN PR TR 3 Fliptled esien) o
st ruct ehrelad atd BEpeBepto uNddhitiveadsulmyhdnearalyisii ofead non-smoothed
Based on,that, stresses and, strains be cal cul at.ed.

St Ao G ACREE B SO ReR RO SRR AR ma be
( a}/ai | ablyeed WQHFEBAQSiﬁemﬁﬁ‘ECan)QveMR@(b&lkaéd'eaé)doﬁdiftibmnBWﬁlyzing
Sof t war e rporatjon), and ANSYS ailLable.fr .
ARGy g s BREhS BhirarBntec B pp s Rl iy S AIRGR, gnder various
shape ARG chdlitldaemay be pRlickeé used. Hexagonal

el ements, though, are typically highly stable and may

heodgnef i coad o¥BaNe St Atnhdygbd 1t Rokiel KigH Qfre@N strain areas and
strains across a nodel. [0036] A siitﬁ:lei i ed BOP d%s
1

L.gn
and/ oMieRgkIhe BFahERs pinads|ost oxefc (o HivaPgli of aiimth gtement
BOP May, A&, HefingiBE pGXRRRAR of ey e8RALYRE Sarfus $JaBRE Tonditions,

and strail n concent raFl ons of conpl ex BOP desi %gs ma
be si moVibe peed t%;dcntgfmqﬁslqghlg]g FERSS eRissgtionsdn fhe digesular pressure

her ei goslin@ydE D h"i%l_‘@&gsmr%"aré RERIRd Bed@Fda®HRy be re-designed or
techniques to sinpfify a conplex geonetr desi gn

of a )
for uswye tfariegfor WalYt@géaa%prC@9ssinax wethad Seééfri‘ﬁ’efﬁ@queﬁb as will
nmodi fibgzg?sglqberdqg#ce or elimnate their radii in an

attenp o sinplify a subsequently constructed nodel . _
The3s] t echPosgibieslombstated drdvaditgecoaditibyssiosthe BOP shopldtbl glgtermined

gggfg r§4§ri ipgit it ? FFAN Model e GRSt fod6t ksl FRIRHIORERE Dperating
pressure, high-pressure kick, riser tension and bending, and temperature extremes,
among other load states. The loading condition data should include typical or
expected values as well as maximum and/or minimum values and the frequency at
which these loads fluctuate to enable a complete analysis.

[0039] Properties of the base material used to form the BOP should also be
determined, establishing the maximum allowable peak stress value (SBpeak). The

material propertics may either be determined through empirical testing or, in the
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correlate and converge to a definitive result when

anal ysis of a non-snoot hed nodel may not. As such, a
wonaslozgsonst ruct ed from a snoot hed desi gn may BET/US2007/079461

anal yzetlatiel hal E@\pﬁdﬂldéetfﬁfrmdikﬁn@aal@vmahﬁle mgteripl priperties data.

stress condition. By ana ul
per { Genasowe. dHEvpELErD et g Bed ph SRR pss. Wder NacE
vari gf §1r$1ﬁ?c%srtge C eiGiohmems esmlising WI@ACEtIedrnaﬁ@@B r testing of

g] r6a|ocnf ecgﬁg %@Wqﬁ%ﬁpn‘gf tpg S’ﬁ%g g\lioig@%%tﬁg%t gle 1% S cﬁé re%[urement

I ow cyglddad b({ Rss thA iHeafredstat whichasuffideistress &bﬂm crackmg would
anal ysi's, anal yzing the performance of the vessel

underocvml ous | oading conditions, may be used to

i fy nedion ' SiONSEAL BalP OiSe nBtetifle may be
t‘ﬂﬁggm ar 1\g‘(?:lre S%F@Er t e&%‘?l?z’etlhe hi gh streses ae

r
ar e idbsamirfeiledhe tehsb@tran@agf prevpterial ip Bhedpasimgya ame}lntr?gﬁtress (in

be mar ked.for a SuChreas: e
sel ec??%%’)ﬂﬁ?{?rbaﬁléhe%e%ﬁggeﬂo ifd;lggecrl bec? Igteé? ed upon 4

[ 0038fatRasisihb hﬁtehamﬂ'asﬂs it assominodatsatbie pleFse dRRetheoTgssHig foo much
t he B shoul d be
Flgﬁ%aaer% (‘Rl‘g @epgedabfl 10 ¢ ngg Ufnd it IﬁatErlih@ 4iEAThe failure

e normal operating
pr es Spthﬁt, oflﬂiegﬁataiaﬂamlown las 1xhk pltima@etpnﬂle pieingth- and

bendi ng, and te erature ex

3004145, ThEhalg it 1o SCTE DR RY fEh b 384 to analyze
typi cale geip Wﬁﬁas&calnwﬁsdsa%w@iﬂmmmmdaum mqld:/pgqatmg loads
m ni mum val ues and the frequenc 0

{1 ot shavid b camidsied 4 BFHICeh &O'ﬁﬂ%ﬁm@ Sis r’%g‘%gﬁd’ idper bolt
Pr °peg¥elo%§s ofd hh&idd asRaciatsd iadd, dosge based @r tempéretuBOFhould also
shoul d al so be determ ned, est abl i shi ng the maxi mum

al | owhbtl@dpeak stress val ue (SBpeak). The materi al

rties it bg AinfUixhatas eflaki &hbg]lﬂor&H@BOPQalgenerated
geﬁng orAqﬁgde?LgI(qng?n%O?%Gl alter nz?\%ll vle

provi déat use @mhc Gmite clemant] apaliesi Aatbres-Giragision il of the blowout
propert} es Ltk Sle¥al BRtPRY DRse demgn features
est abl Pgeﬁ’e %’egé:génc%?égmﬁ &5 ; él it

tests where, under
envir Omrﬁesselecte@ 1q genvpacHisrneroEnaast SHTICigscsy hNi\C%neratmg a

| nt er %dgpal 1198 P‘Eﬁﬁé trfd Gre! ?I of}l'n{g)oﬁfﬁg adRp ﬁés@én(io generate the BOP

equi p ress wou et the [1f %ﬂ h
requi r emeiat axahsknwnhuhg thfe lrhmdtﬂ% degign. stTrhés]%OP CRiR} BRY have

sul fide stress or ros| I he BOP
vor e partrEaraerye PRt iRl Akl hReoua sl the &

base mah@kisahs b‘é@nd&]&teoﬂ ﬁ‘bmrarﬂ(hlé designtie atcglﬁgliltpl‘eal@flldéﬁgf (‘CAD”)
of a mat ﬁwhr%lpatl;ksage eg., MBS EXE MR ASGAGRSIng. &hd Pro/Engineer

available from Parametric Technology Corporation) and imported into the FEA
software package. Alternatively, the BOP model may be gencrated within the FEA
packages (e.g., ABAQUS and PATRAN) themselves.

[0043] Next, the loading conditions may be simulated upon the BOP in FEA using
the BOP model. Preferably, these simulated loading conditions reflect the load
states or stress that the BOP may expect to experience under normal use. Further,

after simulating loading conditions upon the BOP model, a stress plot from the
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tension) a material may be subjected to before

failure. As stress is exerted upon a material, the
worRiosnsmb1 strai ns to accommodat e the stress. PCEUBI07/079461

st r es fallimg tcomlithans Khdvang theetrasataed Habrmaitibn \wedukringan HeNBOP model

be able 0 r ai, n rial fails. The failure

poi nt ™ b ﬁnghr’?ﬁfi e"ﬂlea%}r eisss,&f%trfa%g SEMgang ISEH‘YT&F iocf‘%‘ﬁ’s?qdé‘mo“m

str engf ktres{ Odddiing Tin ehel RGP imdge] und el somigatad hadiBg €6diions across

prope [ may then be used to anal yze the BOP using
FEA b nmet hods. All pernutations for design and
Qﬂ@féﬁtl ng Tl&aéﬁl‘éssﬁﬂ&%@ RemagRsl A K&Gkv <A 8 ﬁ&@r‘hﬁﬁ@th@ performance

conpl ete anal ysis of the BOP. Proper bolt preloads and

mat er ¥l chgrpatelitice of deiROTmedel. e HOBAmaskmay b farther improved,
ten‘peatﬁﬁm eBOB hidef nﬁbrslfé P&ckafdor {hgotﬂz%]entABfﬁPdﬁl)del L may be re-

(i.e., anesh of simultaneous equations) for th

i s geBestdinogiiedy e This wiHellpythe BOR wadshito &e é'llryl@eglmuﬂated in
t hr eerdh 1@ astaRA 1t§%%}ma§ige %ﬁ’fég Fl%%h@%’ﬂ%lﬁ@iﬁ%ﬂ? trx%deﬁabthemlse

be generated with specific eat ures

desi gif hedtQR ewdahip pasideréareitabls yidviestpany fand;/or all specified
per f oL RRL & ﬁl% aqrn{ tbb?lg‘ed il H{éﬁnangﬁgt‘ﬁ;ea}!g% Lg F&gn%r, as will
may al so | "ncl u ps ort Esi gn

to geb@‘#@@ré?edlbelOBO:’ rmdel and srmothl ng the inported

esi g P d may have var, S '
ﬁgg Sil quegr haepglfjeg(‘:fest Hgilé:’t %})OVB e e ,ffﬁg\ (gﬁglo 9‘35]@39 include
The Bidentifpide) isolating, hel igghighaigetbnby aﬁm:gl 8GR ak etﬁdsl (SBpRald states

ut ockEr b PR Do ePnk AP et RS B Sfn s Psuse canty

Pr o/ EbgimasticraNACE ahlieoniteaimmbaba mehtified. THRhenltdey the BOP FEA

Corporat and inported into t A software
packag® N’%eg A BFIE Sresy 49d sep p?%ﬁé?%&;rrng regdpns ol g stress
W t hi gonbdigrafitzh iDaekagels (e. 9., ABAQUS and PATRAN)
iMﬁ:el ves, [ 0043] Next, the | oadi ng conditions may be
at ed UISEPIPRCOBERMPI. MENbE dicAdo isplateRos pers|sircsses exceed
Pr ef es@bly bask AE8&iab ieldl s%teﬁ‘?h | aaahs r}%&@ﬁdﬂf@b‘?ﬁﬁem %‘;el Fa%cularly
the |oad states or stress that the may expect
exper MEstbdueuedtle Peiérance and testing trmrremm éﬁp0§¢¢mn>ca@t ¢1hgnd gas
| oadi fRgq 6QRFthid: OPS: & ﬁﬂﬂletﬁaﬁc%vggdﬁbm &vﬁ‘gﬁlﬁéﬁ g']ecﬁtemgn code
fromthel oadi ng condi tions show ng the stress
def or #aY HBH neaanm stign fn9Gh ef Baprishyitdd sothgt dgsgn life cycle may be
anal yﬁl@iﬂtam-gﬁ‘e Aﬁ&d'smrepét@ssemy%%e%ﬁ @0‘} iﬁ\ﬁge ﬁqggﬁ/a:ﬁ&d inchide
| ocati on and anobunt of stress occurring in
nmodel sept pagketh dhesBal Ipatkstingap i hmgnatmmdlﬁﬁH)mserdmrass(semm bores,
BOP. e
fovi elgé%éﬂﬂ cfﬁ‘t%é?;r# ﬁ‘% P%l‘s%tloq?%f ?rx% vaeli]t?cayczmadhorlzontal bores). The
results may also be used to calculate the depth of the high stress zones in excess of

90% yield.

[0047] The identified high stress zones may be modified in the manufacture of a
BOP. For example, the zones may be marked out, in a spatial representation or
drawing, noting the depth and lateral extents (length and width) of high stress areas
exceeding the allowable SBpeak stress. A contour plot may be drawn, showing the

length, width and depth of the local stress areas in excess of 90% of the base
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and characteristics of the BOP nodel. If the BOP nodel
may be further inproved, another BOP nodel may be

w@eosiadserd or the current BOP nodel may be re PENEsaNBOT9461

(nodified). This will allow the BOP nodel to be
f ur t hpter?ligld steangibn FrEAUese desatiompiibe peak spressfzongsafoc example,

after f W
LB ) G508 Al RIELS o IGEVRE i o
and/ ostread kongpandyf thenl berdeteetively, reifercBOMithoal éighﬁrawemgth material

sed reventer, as |1
ge deg%r%%%ﬁ%m%&%%%i%%e 0 cht?/ves of theWIabove

00048} i cal Inmsbinedsbidiméntarhd sk sjatdriaCinagBe sedexiv¢ly yéimgrced with

i sol atiun dh| hl i ght.i n nes of high ar peak .
stres¥ T%ﬁﬁg‘gkin teg‘g’ Oéﬂeﬁﬁs’ﬁtg?ﬁ ¢ B Igﬁ?y&fﬁéﬁlf’&”ﬁgrremfomed
exanpith ah beerlay cRds Thi sih@ tlahir ORediBym GeieIDnéalrtb Yhe base material
failure under CEenV|ron nt nma entifi.ed.. The

' osul PENE PSS B Peslding Disnge tl S%“dlé‘@né?‘ﬁ]f)%“’%tqﬂg gg, weld
and s¢vedlayingl Wilkapdingl deBtdompinagor @@icens IR fottibr Gbodiments, the
st ress oncent ratl ons in the vessel. [004611 These

pl ot sCla4dine 3% hp bendedHp thisbase Mpierial Py &n glegtri gtc Waldredadding

St r eSEBEeseX£ epf ls%&%@? ﬁﬁ clBdiRE ipRdeelsl @18 Qhdaangt Euto -frettage
Areas in_ excess of 90%yie are particularly naoted

due tgadding Jaser SPH‘HH%eOI‘aﬁd’OFlé@?ﬁ‘WgO? atu Pt dipshimgthods.  In some

| MPOS&GHLJIARAENS bhe GHbrBd fdyEiks tha ?% h&@fﬁt:h af Plin@X 8PhKing two
for corrosive (NACE) environnmen desi gn code may

li mi tl2nek (besmelys Plaii)na@@“‘@@%@){haﬁﬁ‘gérlﬁﬁifs)y@reﬂ dadgiing ¢fap to 7 or

desi gRofeilfRrLycl € may be maintained. Areas where
stresses may exceed 90% of base material yield include
$UM0] pockdnsome breb®ORento thedtasaroaterial inay o nelectivelameinfB@rd with a

I nner le(P [n?ag/n (’fh%rélz{dﬁlﬁiay e?lr‘%rcio she%ﬂ ﬁ‘&?ﬂz n n? ﬁj? §%u§1? ﬂ I)Ihgress fit

i nt ersec s of rtlc
The rmmjtetﬁsemwt ol tho by @fstb@IBDrB ara:l coahstad welded de ptahe on other

t he hldgb en%s ﬁﬁzc?aﬁ u%l?}é maeée !ﬁl%l edoJCCO%Q%%Yo tﬁe lg]fEA[sp css H]ots

The | Tied 2 oNne nodi
{0050jranuf aﬂﬁwaﬁ :@lfay ar dB@Hay, Ii'zogonmmmﬂmentshmagz Bes: thidkhess or an

ot | i C4E TEksER ol P Duogs drehER ORI il P the clad

‘é"int h%le@{mdv' ighe S ﬁﬁ?&fge&ﬁl@l@il%ssfhﬁﬁﬁﬁﬂlhgbgﬁ'&h abalt Iogm lhcBies to about
ea Cc 0] o, Na sSnow n

the | @ﬁ%’t ﬁ% A @%@J I Fout ?435’9 weéﬁs "Ta ofhes emypdiments; and

in exgessbolk 090%PdboliE3 BasRERInSEt @her¥in®bdmshts engt h.
The surface | ocation of the peak stress zones, for

80xhb e, naypthse embqhglplgp,r@%ps-tﬁé R Eﬂ;m&ﬂt |cameonent parts manufactured
manuf acty rh?g'ﬁ-ssfregé:tﬁl\%lw fhay Ha&istd ﬁp&dnjdngﬁionhﬁﬂﬂ] the irregular pressure

vessel. For example, solid parts (e.g., flanges, bonnets, valve bodies, etc.) made of a

high-strength alloy (e.g., Inconel 725) may be seal welded to the low-strength
substrate after being pressed or shrunk-fit into the body.

10052] In other embodiments, the base metals in the identified high stress zones may
be replaced with a higher strength material bonding metallurgically to the base

material. For example, the base metals in the high stress areas may be grinded and
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stress zones may then be selectively reinforced with a
hi gher strength material bonding netallurgically with
w0 b@slhamer mat eri al . [0048] I n some enbodi nent SpCT/82007/079461
base material may be selectively reinforced with an
i nl ayrqplaa@ﬁl Wwith ot ligher estisogth npeaftdal bdnding ametaltwgiealiyalto the base
ﬁlgﬁgectlvely reinforced with an overlay cl ad.
The cla |nIay or overlay may be bonded to the base
1eas3i al lsmye pmb&hmelﬁs, tﬁmteptlmkdfdﬂ@mebf iazicg ovértlylof higher

bondi X sive bon i n ver i ng, .. .
val | pg%élgg 5‘a Bpl Qg o?‘rb egmagela he .lyf’rﬂg(éﬂrﬂ"é’rts’ the selective
enbodriainfotcsmert hac baddilag ovajaybef blgm@ﬂrehghtmeﬁaass ground or
mat er i al ing an.electric.arc weld claddi ng process,

a hot”F§B§% ‘%gwaﬁg%?%@asvadding process (H P

¢oesigi ng) , Tlﬁsuizlﬁncfer@ﬁ thR08addirRdalldyTmal dsChaséd %ﬂcﬂzsn&nh@rto resist
a conbi nation of any of these methods.

In
enbodFHEIOR; MGHEING, Stigdy eOTEIsin qrapkies a‘?‘ljaifs B@hEVs@dadds p&¢hanical
as a &kdﬂ?@h?e |, Bfla Hl@béllﬂl%lchl’%nh AYBE owk- Qﬂ)%/%u@trﬁﬁ) ﬁ)l tﬁgﬂan 8 which

doubl e .c haV|n ['ayers), or a cladding

7 or Hot#&nli @rdsmte[lwg]t)rq‘fw s bntyeisploeisn (@, exmﬁele kih% atrength
mat er e Biﬁ?fd@gam%hﬁ% Lyelyd fosk REQE &lfaqj th\é"s{réhg% &fltl?éjbabe metal to

inlay. The clad inlay, in various enbodi nents,
shr un®bichit i apphipd sEhaf jst the melyd demsets%@l@ydwh ahAﬂWeGZHb ehyexpected

of thg B m@n ﬁt@&%ﬁ%ﬁ%@}hew g, ét&lﬁape tal &J&cﬁ’ Bh- by-alloy stee

enbodi nent s, inlay may be s cor
the FExing? é@éd pireogtd. of| BOBO ] psiThélowkeed, ¢rmboslimants of the selectively

over | ?eynfoﬂcgjt ﬁ"%ﬁﬂg rslyg&) g H'i?(ﬁ(gs%d h%%%j‘@%v& -ﬁantulﬁlc&#%let% gglrate under

an average es or
I n ot high p@n@wzindmrgtstempmtuml Gaddltwﬂse(ygnthZOI;fﬁm @siamaximum internal

?\é € raggrg%s‘.%l aglg g?%% emg%i } ?r%t?ﬂ ?ess d@t?m vely 1glc1) tlocalc%eg glresses
igghf&gﬂggg)hbnmgMB?dwdﬁﬂmsmp@nﬂﬂﬁwmgmﬁbhmmmam%ﬂﬁhhﬁwnm1na
g i hgr thic ;l%esa hﬁ‘g‘ﬁpg ncﬁ)rsg%te tli;eolf)ca 1%6:{%%?58?(11@ hl%]’bt%rﬁtéﬁﬁlghlt ad layer,

par t sreswiting mci rameROBthat Wil theag ACTH @nglidh sahdapds OByl bRl gas field
used in con unction w

Y essef et oo muciphily Ml 5O WGl qiiR s of he desien.
ALt s VIﬂ'le(ﬁe eRBbBMentStRe hastBerial may b By I%Mz@l&%tsféel a steel

al | oy ., Inconel 725) may be seal welded to t
| ow s?%valggtaﬁp@am%ét% HPight nsEeRy chromdwagapd 1 weight percent

shr unfofyblieniuit OTHRE siaR&Yin thOSP kil Fdo@litetharetiRe b8l Sresistant

the base netals in the identified high stress zones
may b@atcdyp.exime\dppiepHaty cefresionsiesigamye nhasdiess japd tensile properties

bondi QapR G uké! P GalahY gdsntiAGhinRa8 Siay also be used.

[0056] In some embodiments, the clad overlay or clad inlay may be formed from
high yield strength, corrosion resistant alloys, such as Inconel 625 or Alloy 625 for
example. Those skilled in the art 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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material. For exanple, the base netals in the high
stress areas nmay be grinded andreplaced with a higher
waeospgisht mat eri al bonding netal lurgically to p&EUbES®079461

@%9# i al . T[hggﬁc%]s ﬂ)lnus%%gﬁ EHBRAE P He SvailabR i EleeBin YPweld wire,
orcenent iI's a clad overlay of hjgher stregw "
mat erjosiden vestrip fiersectatdpweid cladding BBy diphsdivalAssn the form

t he S(ftj Sha¥s 1{1{1&5&1&9 bé& {éﬁ Y a ﬁﬁyclgcﬁinﬁg SpeAdloR vV Bick@MIoyE may also

JFPeEn erral in ground or nmachined
r e c eslﬁe@alilarblaan otiseforms et rady, beugebinjan Fpe-feHegcdadging epgation.

mggl ng %qc;ﬁ%]in{}gl]g%cp g%?lraﬁl%g Solbiadd bt EM(& 1% fn%ﬁl'oést has been

sion €SS corrosion crac
i t's admobdn ‘_thetlﬁmﬁﬁidn ml’ad«tmassl mllo@txo@ngftthe cled @ayer pAp 13: determlned

met al | ur c |
part lga@ec&m rclv':stlpz? gtI tﬁﬁgﬁﬁ st ess lprg%/ oh ig?%ﬁltﬁgehg%lgﬁﬂe%sst Mepth of
In 2 &Y Riadding W@ﬁf'a@Ndepérmingemrmheeallayheecsmfengmg. thf cladding, the

cl addj ng mat er.i al e ect 0 ast I

st r enbitH (BmegrhsisR dhe e defg éﬁq? g’ﬁteﬂf‘ V%% ﬂé%&ﬁ'tlon of the

That }15d maRflaMveéudidepas iticestodst ayed (s baki ms ol InoyerBRB) the base

is expected to match th i eld n

| o ahwiggas Cer Mbaamertdleepateding Eels dept g pasp deremined

havi ng,. a1 M@k Q11§5Lfnaﬂ ok Rh&@n. 7R, IQQﬁncﬂSje netieyuey ef ¢lad the entire ram
enbodi nents of t

bodi eBO#i @@Vos%%fﬂa’é‘;g’lr %ﬁlﬁi’%"%é‘ n‘?itjn@? %ﬁ?@%" lggqj‘é% fheg wetted

under sJ}faQ& B-655 YhBt&Nshd thg bhdke BREki@isie dutten of the eans BOP body,
(e.g., at 20,000 psi_maximum._i nternals\ﬁﬁ%ess

hi ghemay eas¢dgﬁq bsprdadat Fuidemoes duPas o Posier '8 S@S?fgya&. Rgpe @ much

| ocal io%&?e &gﬁﬁcﬁgs% 11‘131'0%6{5 06N arehd, tﬂﬁﬁﬁré?)&ltﬁ@_%ﬁﬂr@icﬁl dfehose areas
apply d of a higher st rengt material in a

t hi ckhgﬁswﬁidlorevﬁlul‘ﬂ encapsul ate the | ocalized stresses

i e hig ngth clad |l ayer, resulting in a ram -
é@éﬁhat V\Aﬁﬁﬁl\ﬁ{%ﬁ NACE or other standards for oil and
geset]i el d RolpDEanySO ﬁIGi Zearué)pmiﬁinwlhﬂinga thecstdimgnsiggal model of
str eng quire t he 0 d bound
erbodi rfBﬁ?biY d n% égél %PI m %IOLVE ?%%Jlg\!:}&_nlg % oundary
st eel coxﬁhﬁ&ﬁ@kedhﬂﬂid@al@;ﬁ@ mmalMeWy iF e g Baseg@neﬂéME Section-
chrom_um and nol n

ski || &L Kved, érltgprli gt\ll}f Eftﬁr X?S%gl Y gltlhg}gi E}gp prﬂssure high
resi stgfterdiire QHPAITY ,or Reaiteing haghpplemreamd Irigh tospeature appllcatlon
resi stance, hardness, and te SI| ropert.i

for ouBTP AT R PERE 12al e BRpOe He Rk Affed above,

used. ;GPRBP bdiysQoBegadi dEERkds, tot dmﬁsfgla]dessml enjtea for high
clad inlay may g

e faornmed from hi ield Lfngth, .
Cor r OSTRAE GoPet BV By R (R ar Bhg mppatons. Bascd
Al oy £2ashgf RxPVEr Difisise 3 kiiteried thensibiiet BQP wids| considered
recogni ze that other hl%h stren th _corrosion

appropriately designed for siructural loa s with bore pressures up to 25 ksi and bore
temperatures up to 350°F. The model and analyses of the model results may further
facilitate any existing BOP design so that sulfide stress corrosion cracking, SSCC, or
corrosion related limit conditions be met by selectively weld cladding of higher

strength material suitable for use in a NACE environment.
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resistant materials may al so be used as a cl addi ng.
Preferably, the cladding material is conpatible with

w0 b@slhamer material . I n some enbodi nents, the cbP@Dus2007/079461
overlay or_clad inlay may be forned Wit h alloys with
RN Ihi gheForyhefubjest %Eﬁ@&%@hﬂZMatwl 625, 4 100G T Fiweerial yield

al | Oyég §§V)\1Eg gﬁ@:se?eﬁteﬁ B8 V\% Q:'ﬂ’éges@%/ P&?W?Mﬁ’{e!itqga en{] (?R/%IT) would

formo Wre er ne
wel d tdduerdthe gickdh 80 rkalymay B@ccbleida‘ealtd bbthe final mimémiiroryialdtrength

a pO\Nﬂﬁrthé' lﬂﬁtgﬂgego{ &;e 01“1%&@13 ellvi n'ﬁlleﬁts A leflgtg inﬁitcéita},]tg?ts were

oper at1 on. o S may al'so avar?
f or s carhggetedrbaseden Mdﬁ’}l Me&nd auBaBeﬂ peitdagey exbattdiagnd available

oper af 0 8 ¢l addi ng. .ppt )
b e, PR st e SIS B DR AT gy st with
- m ni nBvkotofiiyddkd esss vl IMad b s, Qh uppé&r vahrchfl08reMiiMbm Yield

be detgrmn resul FEA stress

onal y ST R KRBT o Rt i RS S of 1 e

¢0Ga]i ng MEye B@Pwﬁ&dﬁelﬂémﬂar WReA difftent il aQdnds @ erht'fh pressures,
form nagmggi%ﬁl addi ng, the bond fornmed. bet ween

and tH et Uclrsi- #nd 25 ksi Digeey nressiares wighayt p ghermos] IQﬂd tm?é 20 ksi

cl-ad pat gdsalre lcaeid NS0 badRel REpPRAG %M&%ﬁg tﬁeotﬂeﬁﬁhq load at
the clad _naterial to the base material

vaI ued> SR alopgviderqtis losdls aspcqifipdal i zed str ess have been
m nedgigt B @hcﬁ\lfsqylgi:a{‘ %a@%%ﬂgbﬁgﬁﬁgbé:ogﬁ]ﬁgﬁﬁﬂgd g‘x th{Balysis. As

not € necessa toclad t
Par t | Blubteatedy theopdry poessere oves 4% ket (BQP kaydiyf,‘feremml figinn gxternal

the MGLeHh JHC hAE hocife LTSRN LR <0l DBoGNRKS s 377

and e outl et
be cl Bidite elemeienatynie(FEAD ofithy subgecpBOB ik eorhjgleted taking into account

el e Cédsglﬁieylogéllﬁ‘g %Hﬁdltr%ﬁ% h Jl“l(i)ew?oadsc lm%?ud% t‘bc)? K glgegsst{% nrg% Wklon and

ar eas preventing corrosion
ar easbduﬂlngh@dy\mdlpréwneerfdluads [ 0059] EXAMPLES [ 0060]

ring e includin
6L "8 s OF sofits ey elf FRies A8 b yn B ias. 3714 as von
i nch BMSB%SJ $MS) plorE, F'ByﬂieOHMS lpd] F 16N G- bﬁﬁﬂkﬁ?@d’ﬂbogd G'stress of
O snown 1 n

condié' ns use%én t he ﬁ‘n ses are alf

2. Batbk S Ree Salaaliehed yiestaoass by Yigss gnes ghaveedksi are
nmodel shoas 1d&51i B@dfigi‘.irésheFICfS?B .hblﬁl:hv @tﬁ'@ﬁ%ﬂeth@lﬁrf Se:ctlon overall
terrpera%qi @ % or extrene h pressure and

t enpePat iR agbiclceetp gnt %Fwnsh # greasdt 6h &) aB%F@IS*’eUP on the
app! yétioBe meklnr@m@m@es)h@fi HeQBYksPHrb lpfegglr@&ey @witt HS bhermal
BOP body eorretr?/ was designed to satisfy

essentt eéﬁ) SHiifag ploss fop 20 ki d’ﬁf"'gﬂf essare (witl ap 8\?‘@114 5trgss) gre shown in

and fpiGshsgh Fiegme] ke N8 l@@é’s@es%&%@sl PP ﬂegsﬁﬁa' (grﬁtﬁ 1o thermal
Based on ASME Section-VIII D vision crlterla

subj e¥ESBOP was consi der ed
[0065] FIGS. 12-14 show VMS stress for 20 ksi bore pressure with a 350°F thermal

load considered simultaneously as the bore surface temperature. Convective heat
transfer coefficients hy, computed via separate CFD analysis, were applied in the sea
water exposed areas.

[0066] The results of the models indicated that the highest stresses occur in the bore
side of the BOP where no thermal loads are applied. Applied thermal stresses, being
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appropriately designed for structural |oads with bore
pressures up to 25 ksi and bore tenperatures up to
wa2@8/3980he nodel and anal yses of the nodel reBOl/US2008979461
further facili | §g3 LRy SRt the external
sul fi &&® §?S?1§s’s&ecggslggg%{eoﬁéfgggg 1 %%%g o?’ corr oSi oeneX o
r el at @sdes nintreasoddi tThensxtbealnetteSbyar%I werei wetsjdeyged| @f minimal

BRSSO Rt 0 et

BOP, fheinalratressi sthte vis tah nan-ednsérmasive nissue rfoathey high cprefsurg 5(HPHT)

ksi was.sel ected ec se. heces
(7 cat RN LU (T EAATED B vy o g af Eugoments
Pﬁ)@?n& devead it 'ﬁ’ashfbs&rh&l ﬂhhﬂ’tﬁé sdb]eﬁl BlDPfhsy:JuEhlﬂe fir NACR hpphcatlon

he material. For onrrent S
appr of¥ ilatks! ARIE AFGSHTe-t f%"t GSCVEFPE{] PP JugicoYMS stress is
TMOL74,oVE 61 R4l, ife ciBas BhPARack ruﬂapgfdpmatepymeﬁammm environment.
avai |l abl e t est data, it was observed that

SpeCI VERPS m%hﬁcaflmtmmﬁelwﬁfﬁ%mg g {NAY; lﬁmﬁﬁi%uﬁ}f' very small

y' el dlo%ét{oﬁ%?hi ﬁ\éﬁésséﬁa&e@il% this, an upper val ue of
.8* Mnimm tress, or 64 kSI for F22 materi al ,

|[&06&1m5| d PV M strpisaones. 2bPBOBRYs! Fieecl@op visdle ke yosl for the
for ”2‘6 TS %&J Egégp%o%ggg%o&emwm PIRSSHI £9nd FIGS. 12-14,

5 ksi bore pressures

vv| t hotwpesttwdh)er hgse| strass. plath édeptifydséatipey endpstepdis @of Bigha¥S stress
was al so on A

o0 R ILE5S, BN A SOIRLETLRG ool BRI bt bor
[ 0063preFsufs FRA shdhslotvyiiR dal fol dmdk$ kshbotb praseime YEA. A small zone

condi ti. use ana
bor e tﬁgéfﬁs ch\ﬁ/g&m%jl RS X%slel%ﬁ%é\%uﬁd & H%Jgr%e%ga aﬁtlﬂgmp of the
from BKlPe rmaallysmnaﬂsm ccm)pletb lescipblyandieatgsahaitstiffeespugbthe top mating

350F, dt
el eneﬁ{%?ggngﬂ &9 ac? g&g SGSOSHF‘AE gl{ ??%a\g?w%@ fedlﬁzenéulél’? peak stress.

conpl Ma@.ﬁndrﬁlmms sirést ©f A2 minﬂt/omxbmaiﬂ ® lteoa:qbrquate for 25 ksi bore
condi ti ons. e | oads include bore pressure, top
t ensi B’f?s%‘ﬁ%apﬁ #°%hg | oad, and pressure end | oads.

[[066A] Th eTﬁee&gtH & tRd hich Btrdsh Pbries ilicanmaly thndMps@ssaplets can be
shown in FIGS. 3-14 as_von m ssesbgwéess

For t Keoyne. pMFE compRBlc B, Soh SulBronBh (AT LE Tafks gpinimurn

64 KksiyiPsreHsB kah RatSPIBL Qield s]treﬂgtﬂ BETO8SHST @95 120 €368) and satisfy
Only Stress zones above 64 ksi are shown i.n al] thes

fi gur & THPES. Mathed ot & sﬁf‘é%f@@sﬂl?rpa%@aﬁﬁfﬂf ind ?f‘FlZB?\eS may be

over alg. FRgs lcla(d: 'wg?h e;silfgh@rl Ql%ﬁgtH ReofBsidd) Gesifdi alldydWhich has been
stress areas (F 4), cl oSe-up on the choke and

kill okt mmt@e rsguufememﬁ ﬁ’éNii@EI%\éRO Yer @ lekséur e
E@.ﬁ%ﬁ( W t hTﬂe F]tiﬂ %sgml‘. "tﬁtfo%ﬁl‘f%shoé’t t ﬂ?t[ lo@eliﬁgds stheQ¥es 2P the material

ore pressure ﬂ no erma stress) are shown
occur within 0.250 to 0.500 inches of the 1D surface of the ram BOP body at or near

the 18-3/4 inch through bore. It may be possible to clad overlay the affected high

stress areas with a higher strength material that is qualified to NACE MRO175.
[0071] The clad overlay thickness may not need to exceed 0.375 inches to

encapsulate the localized stress that may approach 75,000 psi. A clad overlay

thickness with a minimum yield strength of 120,000 psi, thick enough to encapsulate
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FIGS. 6-8. FIGS. 9-11 show VMS stresses for 25 ksi
bore pressure (with no thermal stress). [0065] FIGS.

wa 2e0843mhow VVS stress for 20 ksi bore pressurecmubivneao79461
3500FL *}?cafmh {r&@%mageﬂegf kP 1hRNSQ1R %S bhIRS two thirds

bore surface tenperature. Convective heat transfer

coef f picthe misintyn yieldrarangl of the dadpayesrequitebby the Base getal. This
were MH §fhil ?ﬁ‘er sﬂ@n{%ﬁ %aﬁgﬁ% ﬁxﬁaﬁﬁ@%ﬁ&qﬁlﬂhgﬁﬁ a[ngﬂ)lﬁ@r] of different

The resu I'cat at the i ghest
stresme@O@@@dpscrlhe&abeV%ore side of the BOP where no
I are.a e
e| n@g orrp&*grgll[éold\]/neems cr easoéi g éﬁﬂgéelgﬁlg%egl rﬁgﬁirdg g%tg%%g'ﬁ provide for
Si gni gdnemtitd and dnai\yﬂngBOPtﬂmelebmrémﬁA Bilngesimwnalyms to determine
i ncr eﬁl %(PP ,The ext er sé.r ess_areas vverte %gqjs er amoums of
of i fif 86???8‘&6&%‘ {8 TREEPAYHS RPEYTEE L R o i

const §tekd)t The Adveltin® eiedss andighiscahyg tHehdie uishbtol dvbnmeala BOP design,

stress state_ i s non- c ssue for t

ot oo RS VR PorpRT e At HB PO ol PG RRPFy RS i Sl

mml] | anceaWahiagdIhil diioRimeats diQdidbd Béraﬁtlﬁay rE46c4] for a method
it was observed that the subject BOP is suitab

for NRcEtahlish aceieralnB PR design Raspd %ﬁ&%ﬁ 8edigpe/ Iﬂé%lae”p?r “similer
for apbawdg ﬁllehtzd%gléﬁ fd@lame‘!.\h The BYMEn S (88§ NACRPOMEstress and

64 Kksi, the entire stack is appropriately suitable

for NAEEyelsvequsmerts. Mathnds and ambodimenty iselgsed Hereirpay ,prowde

ref i neg s RsNLD Brev B vRH ﬂlﬂ@&&%e@ﬁsﬂkm altds Wér example the BOP
Iocatlon of high stress (above 64 VVB

st r esmay diemio avith4sipylatedr F@a@neapwtlmsw%re@eth Fh’éures (ie,
resul f, efrt@ %ﬁéﬁﬁggqqé@éal %E@Jé%tlﬂgﬁpeb&r ftsel) ©F BibhCoresstre kicks to

shomn , respectively.

Thes edssermangs dgsignt Baturge thdtfrpay exdend tbnsvcahmg digrpars opfthe blowout
hi gh %/Jé@ si.ress areas above 64 ksi. The hi ghest stress

r emai Petow 108 ksi for the 20 ksi bore pressure FEA
§0074hel ow Hidbdisents discldsbeh@&in ksl also pmvilieefsléllm’eouﬂzﬁﬁvemers rated

smal | .zone \Nlt stress exceedi was bser
o ounfi” ORE i  Reter BneR bR budsffeq poriEmBRy Gl Ghuents of
Wit h thetophebevasae mtdcy:;sadnlcar@ahas b hsalectdlelyf dfeindigsedofo meet the

or o1 o BT PERBE o8 eGP L A SRR A YA 25 ks 30

st r esksi Ocir hl@ﬁr k@thev\ﬂﬁb(diilﬁaﬁﬁbﬂhé blobeuagpreatrs dicdostdherein may
25 ksj

t he h|°@ %CPV };régesl @,%)ﬁlaétg t%a‘ﬂ 0039 The de lglggher operating
pl ot Steﬁ@erahﬁesCﬁlcﬁué 230ep,.35OCEr iggpat i bl e rrat erl al ,

S[(lljé:%] as | nggvr!iﬁ’laggo%gly, \éwmltact]du%gn(gs l((ilssl:losrgdnl{e{‘gilrin may provide a method to
manufacture a BOP body that is less costly than attempting to manufacture the BOP
body from a solid, high strength corrosion resistant alloy that can meet the
requirements of NACE MRO0175. This is especially true in view of the fact that the
mechanical strength of the body beneath the clad layer 0.250 to 0.500 inches from
the well bore fluid wetted surfaces may be much lower that that required within that
localized stress zone. Other embodiments may provide for the enhancement of

existing BOP designs so that sulfide stress corrosion cracking (SSCC) or corrosion
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yield strength, can have a 90% yield strength of 108
ksi (0.9*120 = 108) and satisfy the TMOL77 Method A

wo e@B03%Bher ef ore, the base material in these zpOEESIRY079461
be selectively clad with a higher strength corrosion

resi stedated lirhit ognditining imabids nise &h sejeiively ireitforan gibe BOPhwith higher

reqU|1§HE? %F% 70] The

FEA r Ees u tn?at%%l %}hona yﬁgé]voélﬁgzti é?%rjfg‘gf"é&é% I zed

$0073ses dfhetshkea[mtoé Itheadladdmg atowiwtlhberpriwepsily lbased)otﬁﬁh@ increased
i nches ur.f.ac t he

noar  pgenserenyh o W aClpdo ot {5 hg Bl B4 wrgtoreca
to cl B@hdcncﬁre{/aiybdtMnaﬁef elad Bglerning hhesdubgsse. ahr additrtah ateribute of

VRO e g B Glearovel esyyinct o Mo B <ot~ Husagerioue

t 0 exeemd bdwdibpreidttes Anothenaaidasl cdtie: ctlmelay@datharza@ scoring or

o e TR SR SRE, 77,200, Bt AL 8 SRSt b

pSi,  {Hai dehthesTaHE blall Qayein GidPGHE Bedlitelay@Calcbi@tle 36 HR#E the low
may be capabl e of keeping the Iqcalized stress

o S e puttee (i STRACH 13 GPEIRr BHECHADS Ao ot will aiso

| ayer c&Reiidsts Hrolt thb 8oddasdin tRating ddMoSioR il @Mnd'h’h the cavities of
hi gher strength material nmay be acconpli shed by

nunbeBOBbogies-f MprRY e Fpas oggoua%%le F‘}edéadi I%V@Y bf e¥piep pnd less
Enbod} fiR0tspdfdtn MhRdepsl &l Ee darhk & e W alloy stecl substrate.
advantageously provi de ?or generating and anal yzi ng

BO Trodel sWhile HierinrmAonbisrhgers deseribed il jperiest tp@ limited number of
det er Q@mﬁlag s,ifse Sl BPIRE oH) HVind R S U8Rz, wil
chara erize arge anounts o ess. The

resul apmgcxm m.s sthan anbeliwenrtayat bedetsdustdeh to nehfiepagefrom the
a BOP [ vV ofr, f : .
hi ghchoﬁe ﬁ%@l}: n v%tréogl zgs% orgfgdslgc%xﬁ Agfog(%gg?, tht Qc%pgg’th@tmvenﬁon
Advan&laguhbhﬂlmtedmbzdﬁnﬂmﬂtashedwmhmsed herei n may

provides for a nmethod to establish an overall BOP

desi gn based on ASME Section-VIII Div-3 or simlar

HPHT equi pnent desi gn gui delines. The BOP nmay satisfy

NACE peak stress and life cycle requirenents. Mthods

and enbodi nents di scl osed herein may provide for a

bl owout preventer with an increased working |ifespan.

For exanple, the BOP may be nodel ed with sinul ated

| oadi ng conditions of repeated closures (i.e

repeatably closing the seal about a drill pipe or

itself) or high pressure kicks to determ ne design
features that nmay extend the working |lifespan of the

bl owout preventer. [0074] Enbodi ments discl osed herein

may al so provide for bl owout preventers rated
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for operation at higher tenperatures and pressures.

For exanpl e, enbodi nents of the bl owout preventers
wob@slogmerd herein nay be sel ectively rei nforcepCt/osrmwet79461

the requirenments for operqﬁ%gﬁég hi gher operating

pressures, such as 20 ksi, I, 30 ksi, or higher

®Hek cRiReei ments of the bl owout preventers discl osed

herein may be selectively reinforced to neet the

requi renents for operation . at higher operatin L

L enpeh AIRESE meTR I EAIBRRIO B BE eI i BRLPS cTisE

Advaniragerusifiyst neabidiaigh bewlisgtveard herein may

provide a nethaod to manufacture a BOP, body.that . is lected

| ess WERHYE regionsael RIgh SRS OBCSREARRALY B drpty Bodshyst @ selecte

body fr eau@geeditthn; hi gh strength corrosion resistant

alloy that can neet the requirenments of NACE MRA 75.

Thi s~ ¢ogstaughiag therany blopget nrevegBw of the fact that the

mec ha&é&ﬂ%lé?eﬁrﬁﬂ&f R rebfdRs HOHYh BRBE&IBertBoCt RRspRYRE to the

0.250 to 0.500 inches fromthe well bore fluid wetted

sur f acemanafpctpred paye hlopewarevertst t hat required within

that | ocalized stress zone. O her enbodi ments may

Br ovi i ffholl RE BMRANGARRM thefangdkis tof Mg BEPn@asi @Rprisd finite

that sul fide stress corrosion cracking (SSCC) or

elemegisinglysiz| ated linmt conditions may be net by

selectively reinforcing the BOP with higher strength

ARt er TRd nfddiddabt @lafr 1, Uskerdin B8 i@dntifiedn g&S regions of high stress
envi ronnment. [.0076] The sel ection Pf tpe clagdjn% th
SPICEYiraon | COBBIIEsS| SRAPAENT § WESRIOOAT e iPhE1de sByresponse to the
gREhANLEBhe Shigpgat h of the clad layer and may al so be
based on t%e nmet al | urgi cal bond achi eved between the

clad | ayer and_.the substr.ate. .addi tional attribut

G 1 b o 8 B, et i e BerBPTReTs ieh Hidpas one
ohg clad aeldiangndd Liayinyl | contribute to the bl owout
preventer. Another attribute of the clad layer is that

ny scorin r ugi.ng of the interior. surfac
i o by dios SR el oG ChaiaRalyoP R i R e ram
ofovidae pedvasied, aytRFeimltheovdcogy irhvdelcisagbnbmtedrtotmintroiat ithe édentified

to protect the | ow alloy steel substrate on which it
irféglﬂ’éﬁégig% gigess WW@EP%#V@?H@’S?%% nwgé‘er will also
continues to protect the body fromthe pitting

@&or r ogi meth@f toesinforuend iirdgutah pressae ekl tlefmdBEE domgrigsg:
Nbreover,.thg reg ir of gou &8s in the clad | ayer nmay
be ea@Pl¥ZIng{Re rEgRARSESIY VP8 her f orm t han the repair

of si eh@fyingas@ee df dighReess ovvcahttatyn fi teelrregulbsiresatre vessel;
[0077] While th anEntion has Q%%n degﬁihped W th

F es pecHeRyely TPRIGGnE e {Fa185 OtIHE B THCRERIE N hose
skilled in the art, having benefit of this disclosure,
wi.l |  gpperticdiof chinat, whdien tienireglilaramdssure aesstias d eani-tpd blowout

whi ch do not depart fromthe
preventer.

8. The method of claim 6, wherein the identification of regions of high stress
concentration comprises generating a stress plot of the irregular pressure vessel in response

to a loading condition on the irregular pressure vessel.
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scope of the invention as disclosed herein.

Accordingly, the scope of the invention should be
\V¢Fm$magonnly by the attached cl ai ms. CLAI M5 WABCT/1US2007/079461

%reve ép%h?ﬁggﬁéFﬁghQ%%ﬁ%?Fgﬁﬁgﬁk%ﬂgwﬁ??ﬁgngéfirsﬁrpm%um

Vﬁfgdaﬁ!coﬁbrias ragueakil aneoeft infermel eressre, exigemat PrejsUrey axialyiepsign, axial

0 [ siress, concent rati.on. i ok SxidTOKgd;

Gongtston FBATHG Rondr op e et S fTae Rl ndhen, and

fohsivaittal pundingmiceient.sel ectivel y reinforcing the regions

of h;gh strgss concentration corresponding to the

nuf.act ur r o] e ivelrei

L A S N G e S S

cwmpyi ses finite el ement analysis. 3. The nmethod of

claim1l, wherein the identification of regions of high

FeSPhneS Hihq b RESsiRERREALd HlicRn&k bEGS clad overl

Ef‘ot_ 0 erﬁﬁggi]%cstﬁlnga@ﬁﬂ?ﬁbr gsﬁlggﬁse tog t h:e sel gct ega Ve

basadlinprn oot df itfwranalsis Fihe iserlapresueVasth 1, wher ei n

the selective reinforcenment conprises at |east one of

?’%.C! ad eogﬁg{ht)ﬁ%f 206kn A oF kidEreinhd YladSevell e iR bpfat least one of

cl"ai m urther conprising anal yzing a second nodel of

tleetric amvixliboledding hetvienstabie pre g, 4 @utedichras 4&5’3@5 is

generated to mnimze the identified regions of high

ig {T: f?tgﬁnﬂ&ﬁ@cﬂ&ﬂ’ Mi @D wheleRtihed deRtiveteifooehiefisdompristala.cl.inlay.

to reinforce an irregular pressure vessel,

the net hod_conprising: ,analyzing .the.irreqular...

Biieso ThamGBSL 8l ciGe s PG BUThA I TR fay Piigip arecess cut
GOME GRLLAE prefutdVeldRPandrwe@dli@plag essur e vessel ;

selectively reinforcing the regions of high stress

concentration. .7.. Th t hod of claim rei

ilPr egliheafehpd 85 fpin \]/gs%e"? gwé:flaldé?r@{{ §/Spsgm%%ﬁ4(;b\%5%ft Tpoh desut of a
BhQY 8Bkeht-andysid fahdeicpaar Péssak abssel6, wherein the
identification of regions of high stress concentration

conprises generating a str.ess plot of the irregular
dpesséﬂ@mJ%§§%?p$ﬁe BSPEREE ™0 a | oadi ng condi?ion on
the iabegyl ar pressure vessel.9. The nmethod of claim

6. wh . . . :
pressgkg&ﬁﬂ g%t]%%gyagb&ggdltlon of the irregular

a horizontal bore through the body intersecting the vertical bore;
two ram assemblics disposed in the horizontal bore on opposite sides of the body,
wherein the ram assemblies are adapted for controlled lateral movement to and

from the vertical bore;

wherein at least one portion of the body is selectively reinforced.

17.  The ram blowout preventer of claim 16, wherein the at least one portion includes at
least one of the vertical bore, the horizontal bore, and an intersection between the vertical

bore and the horizontal bore.

18.  The ram blowout preventer of claim 16, wherein the at least one portion is

selectively reinforced based upon a finite element analysis of the body.
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vessel conprises at |east one of internal pressure,

external pressure, axial tension, axial conpression,
wo oovgiosasdi nal tension, |ongitudi nal conpressi opCT/@S2081/079461

?ﬁ ndi ﬂgﬂﬁ& 11t gfé%ﬂt cIaﬂﬁi 18 alhdgn ?He R BRIV preJthter is rated

e net C ereln the selective

fei2A06¢ pe wehighes oppelinggeesaurel ad overiay. 11. The met hod

of claim 10, further conprising selecting a thickness

of the clad overlay based upon a result of the

anal ysis of the irregular pressure vessel. 12. The

nmet hod of claim 10, wherein the clad overlay is forned

by at | east one of electric arc weld cl addi ng, hot

i sostatic press cladding, and auto frettage cl adding.

13. The nmethod of claim®6, wherein the selective

rei nforcenent- conprises a clad inlay. 14. The nethod

of claim 13, wherein the inlay is shrink-fit or

press-fit into a recess cut in the irregular pressure

vessel and wel ded in place. 15. The nmethod of claim

13, wherein the clad inlay is shaped based upon a

result of a finite elenent analysis of the irregular

pressure vessel. 16. A ram bl owout preventer,

conprising: a body; a vertical bore through the body;

a horizontal bore through the body intersecting the

vertical bore; two ram assenblies disposed in the

hori zontal bore on opposite sides of the body, wherein

the ram assenblies are adapted for controlled | atera

novenment to and fromthe vertical bore; wherein at

| east one portion of the body is selectively

reinforced. 17. The ram bl owout preventer of claim16,

wherein the at | east one portion includes at |east one

of the vertical bore, the horizontal bore, and an

i ntersection between the vertical bore and the

hori zontal bore. 18. The ram bl owout preventer of

claim 16, wherein the at | east one portion is

sel ectively reinforced based upon a finite el enent

anal ysis of the body.9. The ram bl owout preventer of

claim 16, wherein the ram bl owout preventer is rated r

20, 000 psi or higher operating pressure.
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