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instrumentation of ram blowout preventers. More specifically,
embodiments disclosed herein relate to the direct measurement of

position, velocitiR A BOP PFOSITEION SENSOR a ram blowout
preventer. 100021Well control is an important aspect of oil and gas

exploration. When drilling ®welK R ©@xadiple, safety devices must be put
in place to prevent injury to po%so,nnel and damaﬁa}e toe uigment resultin
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reach the surface, drilling fluid, well tools, and other drilling structures may
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destruction of the drilling,equi nt (ingluding, for example, the drillin
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to reach the surface, drilling fluid, well tools, 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] Recause 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 to
control 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).

[0005] Ram blowout preventers typically have a body and at least one pair of
horizontally opposed bonnets. The bonnets are generally secured to the body about



their circumference with, for example, bolts. Alternatively, bonnets may be

WO He8 (180 the body with a hinge and bolts so that the bonndtGHASEH8/053840
rotated to the side for maintenance access. Interior of each bonnet is a
piston actuated ram. The rams may be either pipe rains (which, when
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the wellbore), shear rams (which, when activated, move to engage and
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blowout preventers, allowing well operators to optimize the blowout .
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is useful for the operator to have accurate knowledge of where each ram
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applications. [0009]In addition, incremental measuring devices that merely
measure intermediate movement have the inherent shortcoming of having
to be reset to a baseline in the event of a power failure as well as not
providing the precision that is attendant to continuous measurement.



[0010]In order to improve the accuracy of measuring the location of the

worzsss1omegynetostrictive sensors have been used to monitor giefareestiksse
the position of the rams. As described in U.S. Patent Nos. 5,320,325 and

5,407,172, which are hereby incorporated by reference, the piston driving
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in ram monitoring applications.

[0009] In addition, incremental measuring devices that merely measure intermediate
movement have the inherent shortcoming of having to be reset to a baseline in the
event of a power failure as well as not providing the precision that is attendant to

confinuous measurement.

10010] [n order to improve the accuracy of measuring the location of the rams,
magnetostrictive sensors have been used to monitor and/or control the position of the
rams. As described in U.S. Patent Nos. 5,320,325 and 5,407,172, which are hereby
incorporated by reference, the piston driving arm of the ram is placed parallel to a
stationary magnetizable waveguide tube. A ﬁagnet assembly surrounds the
waveguide tube and is attached to a carrier arm that is attached to the tail of the

piston.

[0011] In U.S. Patent Nos. 7,023,199, 7,121,185, and 6,509,733, a magnetostrictive
sensor is mounted in an internal opening of a sensor port. The sensor has a pressure
pipe extending into the internal cavity of the cylinder body and telescopically received

in a passage in the rod of a piston and rod assembly.



[0015]In one embodiment, the present disclosure relates to a method to
monitor a cylinder pressure exerted on rams of a blowout preventer
including sensing a relative position of the rams of the blowout preventer
with a magnetostrictive sensor, sending signals from the magnetostrictive
sensor to a data acquisition device, sensing a cylinder pressure exerted
on the rams with a pressure sensing device, sending signals from the
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the data acquisition device. [0016]In one embodiment, the present
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recording a cylinder pressure exerted on rams of the blowout preventer at
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embodiment; the present disclosure relates to a method to determine
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relates to a ram-type blowout preventer, including a body, a vertical bore
through the body, a horizontal bore through the body intersecting the

vertical bore, @ R QR RISEMblies1disnoSRUENINT NoNFIHRI bore on
opposite sides of the body, wherein the ram assemblies are adaﬁi[%jafor
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ram block and at a second end to a piston tail, a magnetostrictive
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longitudinally magnetizing a portion of the waveguide tube with at least
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pr@'\‘féYﬁ@rffnt of a wellhead component including sensing a-relative position of the

wellhead component with a magnetostrictive sensor, over a selected interval of time,
sending a signal from the magnetostrictive sensor to a data acquisition device,

recording the relative position of the wellhead component with the data acquisition
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comprising: a body; a vertical bore through the body; a horizontal bore
through the body intersecting the vertical bore; a pair of ram assemblies
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 each ram assembly comprises a hydraulic
piston connected at a first end to a ram block and at a second end tg a
pisetcRVEIpEFRTE i FrlstsCAMERRAtd B o RRLHATRAHE gy recorded
ang&ﬁi@%m&%ﬁﬁe&nQmmgpmbﬁemgﬁ@mgiﬁmetww widfic relative
tube attached with a first end to one of the pair of cylinder heads, a
seResdoars drtbihagnetostrictive waveguide tube being free standing
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removing a cylinder head enclosure, removing a piston tail from a
hy Al & AT HRSOASIRR NG a replacement piston tail, the replacement
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enclosure, the replacement cylinder head comprising an instrumentation . .
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such that the magnetostrictive. WO 2008/101005PCT/US2008 Ot53 40 . ton tail
seH%WY&V@@%%?@B%‘%%%éeaﬁdod%‘éé%%%&‘é‘% PREBR AT BorE asthR' ’
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encounters the longitudinally magnetized portion of the waveguide tube, and
determining the relative position of the ram from the return signal.

[0019a] According to one aspect, there is provided a ram-type blowout preventer,
comprising: a body; a vertical bore through the body; a horizontal bore through the
body intersecting the vertical bore; a pair of ram assemblies 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 each ram

assembly comprises a hydraulic piston connected at a first end to a ram block and at a



[0022]Figure 1 illustrates a partial sectional view of a prior art ram blowout
preventer. [0023]Figure 2 is a sectional view of a ram blowout preventer
bonnet assembly in accordance with embodiments disclosed herein.
[0024]Figure 3 is a detailed view of a portion of the ram blowout preventer
bonnet assembly of Figure 2. [0025]Figure 4 depicts a graph displaying
cylinder pressure as a function of ram gap in accordance with

SROBEARTEINS G frélsdrbdlistigativit et £e5 RIPfigehed to the
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blowout preventer including instrumentation for.determinjng a positjon of
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closure rate of a ram in a ram blgwout preventer. [OOZEleigur 1illus rates1
Rty BEIBIBI T 1% TSP 18 A0 ETPEPE BT PRy S f east
&f&'ﬁ@i?@ @Hﬂ%ﬁhd%@%iﬁgﬂﬁbﬁﬁ%%%@ﬁgdy&iﬁﬂ Qiba paieisngradswmiinetng
string of a well under oil or gas production, is shqwn passing through a )
W71 VSRS B LAORRTOUGF 16°0F (hATBTOWAR preVaF B 10, HEoeeton
o 6nmaeingludaionprsing Rpnizonial Rassagevnys ddirangusiseroof the

ore 14. The horizontal passageways may extend outwardly into bonnet _
aerremc?é%g&?*bﬁﬂg}u@?@ﬁ&%ﬁtm& iHVﬁ‘é%%ﬁésv&‘é% Mg aYEF.% lggnaducer is

vk hydeaelic RiRtoREER B iheis eapastiveugying godiners dtoaatadiock
in respective hydraulic cylinders 19 caonnected outwardly of bonnets 17.

FREHERHRDY HEPrERaTHBeaRISAB s 20 back and forth in the

[0019H}assagewaNidsd ANdietBRcAspact ClosePRCKRS dkweaakisi2dirithamine a
faces of rams 20 with respect to the surface of i[SJ.e 12. Hcydraulf'f flud .
%ﬁ@ctiﬁ?ﬁé‘[{ﬂ’ét Qﬁo@vnﬁam’ the method comlgl ing: reciprocally  engaging a

magnetostrictive waveguide tube within a bore formed within a piston tail;
longitudinally magnetizing a portion of the waveguide tube with at least one
permanent magnet fixed on the piston tail; pulsing a conductive wire located inside
the waveguide tube to generate a toroidal magnetic field, wherein a return signal is
produced when the toroidal magnetic field encounters the longitudinally magnetized
portion of the waveguide tube; and determining the relative position of the ram from
the return signal.

[0020] According to another aspect, there is provided a method to add
instrumentation to a ram blowout preventer including removing a cylinder head
enclosure, removing a piston tail from a hydraulic ram piston, installing a
replacement piston tail, the replacement piston tail comprising a bore, installing a
replacement cylinder head enclosure, the replacement cylinder head comprising an
instrumentation port, attaching a magnet assembly to the piston tail, and disposing a
magnetostrictive sensor from the replacement cylinder head enclosure such that the

magnetostrictive
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operate in connection with opening chamber 25 and closing chamber 26
WO mgsasities the rams 20. [0028]As illustrated, ram blowout prexemeszaés/osss4o

may include a tail portion 28 connected to piston 22. Tail 28 of the piston
22 reciprocates within a cylinder head 30, which may be bolted or
Qiherwi ' 9. [0029])t is desirable, to know or to
chatfeqi‘zo%% itlone%)gf %glﬁ?gg;gl%éla%ks%?%ee shsven ‘fﬂlﬁbﬁ{ﬁﬁ\g“e ydraulic ram
BetEMptismecii®y. locating components of a magnetostrictive sensor within
a hydraulic cylinder head enclosure that connects to cylinder 19 shown in

[0021] Figure Qttehasedetyimrordiviartassl o the drvenitieppraltiate diafarent from the

' lsclo rein are broadly applicable to any ram-type

%g%g:%%n%ﬁ%eéﬁ%g% Iasch? 1:'ilaﬁef/%)c‘fz%/l|r€:,1(§'employing rams [0030]Figures
2 and 3 illustrate a cylinder head and sensor anaccording to embodiments

disclosed herein BRFAdeERERI D by HeloBA&aaSo cylinder 19 via
[0022] sCrew gldedyflanged, or.any.Qther ections known.in the art.
] Piston Zgj\ﬁfshown in its fully opgengd post?t(%?\% may bé)@gnr?engtrecﬁo i Riowout
RESBFaving a piston tail bore 32 extending at least partially through
piston tail 28. Magnet assembly 38 may be concentric with and attached
[0023] 4, pistEASHR 281%i8 serBonplBiavoeitaetis sempieventrebomnet assembly in

RBROSTCWS PR Ad SHEH AR AQHING, may be placed between
magnet assembly 38 and piston tail 28. [0031]Magnet assembly 38 may

[0024] includeiR<Os ROIIPRITIARES, DRAINRIRIAN SPR SARPREIDENS NAdNet o rnet

assembly 38 may include three magnets; four magnets in other
_rﬁ%ﬁ&-more than four magnets in yet other embodiments.
[0032]A stationary waveguide tube 44 may be located within cylinder head
10023] 35 onfiguy AdeRisismmiany diseavingshadispesaitbare Sancfipistdram gap
iiplo28rdiirte e hianiah L8rmeasially, spacesiiem the waveguide

tube 44 so as not to interfere with the movement of piston 22 or to cause

wear on waveguide tu%eﬁA.%larl magnet assembly 38 may be

radially spaced apart fro V% L%%Stggﬁ)ﬂ.qwselected embodiments,
[0026] magndits afethepaagnabasnemblyidsinay he-dha iR eaRsY YiS% R preventer

wave uide tube 44. ,OOS?JAgdltlonall_y, a conducting element or wire (not

gl n%%%gl%gg g tor determimng a position of a ram within the blowout

preventer. In another aspect, embodiments disclosed herein relate to methods for

determining the position, speed, or closure rate of a ram in a ram blowout preventer,

[0027} Figure 1 iliustrates a ram-type blowout preventer 10. A well pipe 12, which
may be part of a drill string located at the top of a well being drilled or a part of a
production string of a well under oil or gas production, is shown passing through &
central vertical bore 14 in the body 16 of the blowout preventer 10. The body 16 may
include opposing horizontal passageways 18 transverse to bore 14. The horizontal
passageways may extend outwardly into bonnets 17 connected to body 16. Operating
in passageways 18 are rams 20 driven by hydraulic pistons 22 in their respective
cylinder liners 23 located in respective hydraulic cylinders 19 connected outwardly of
bonnets 17. The pistons 22 may reciprocate the rams 20 back and forth in the
passageways 18 and to open and close packers or wear pads 24 in the faces of rams 20

with respect to the surface of pipe 12. Hydraulic fluid connections (not shown)



through The center of waveguide tube 44. Both the wire and waveguide
wote/mdarray WO 2008/101005PCT1US20081053840 be copoenieshig/aszsan

transducer 46, located external to cylinder head 30, through a

communications port 48. Transducer 46 may also include a suitable

eans for ing an inferrogation .electrical current pulse on the N
R N R A A —
thedradié&ylinder 19, may seal against leaks. 0-rings may also be used to

seal the connection between communications port 48 and transducer 46.

[0028] [0035]As riiwsaeteiovamatiaiyowistonviailc BndraagnehanRsemaly 3Brtion 28
| e the same.amount. Thus, by the operation of the '
G 2 e ot OLTh SN 1 OGAELES il hoad
HorwihigbunapdsibotiedositibarefisaroRiledRA36] Wiladegasd to operation of

the magnetostrictive sensor, magnetostriction refers to the ability of some
[0029] metalsitsudrsistitotodamivket ar ioontnibkal@licys, d0raxRarT 85 SQREBEN above.

' ic.field. A magnetostrictive waveguide tube 44
e o e L MEP R g Teive senor
YoHgRulihpdpwhiagndindst dead agrbticassean iy BRdss transatettr 19 shown in

ifudin waveguide tube 44. Magnetic.assembly 38, as ,
o ISR SR M08 b A RO SRR A rmpodimens
delarpd arsinl pediiord npppiitatecacnptien-ippa PIOPS BANSNEISE broadly

tw@@ggiﬁget%glgé? dially equally spaced with respect to the
surface of waveguidé€ tube 44. An external magnetic field is established by

00301 Magne#i 3 ﬁéﬁ}? longitudinally magnetize an area of
[ I Wavegui%ﬁﬁgg%{}[({?bs / a%%ﬁ%’%%’ﬁﬁ%&; gu%?%%{(fgrgr&ﬁmtﬂ?ﬁmdmg to
sphe dperin disalowssbbeteitlorigylindexiscafiianag betingmece@ychender 19 via
JefHegically quds jaterrogated;with an electrical current in a manner
well-known in the ar ,égﬁ?ﬁrﬁy%?gﬁsﬁnggﬁgq%ca S0 HED Atkiad SFon 22,
BAvBdurits 30l B oprretpastioproaricks eotomitl mggsietiadiels Ao a piston
tieyeRRductingwire ang \é@\ﬁgﬂ' . When the taroidal magnetic
field intersects _witﬁk% the renagnetlcél i2l ggeu giréjtlesap by %Feérgﬁagllgf%et ssembly 38
AR ISRISHIHE haida and ghetholeta Bistatucsill B waweguite thedd-toagnetic
sBFORYER Reeunbutsadial U\l lpward both ends of the wayeqyide
rube 44. Suitable dampers (no.tsshoi\)/vwr% g}[l %El}egtsér%so oqnﬁé\%@/uﬁglrﬁ%%lkftweﬁn
TRAZY S ASTERPRCHS ad disemirha%rf the pulse from occurring. However, at
the transducer end or head, the helical wave is transformed to a
[0031] \\qyedtrenehisscibionidmny inklustalrswassiore pethianeabgretessrictivéome
<IABESFRARCHIGEHE WALRMINASSIHDE, 44 0BhERQMIeNanKNeWD as the .
Villarj effect cal%es flux Iinkagesﬁ?r%,m r%agne%s runr% ‘éirgod’éhmsaéﬁgfﬁd“ other
EURIB RIS Ragrimegeriapdour magnets in yet other embodiments.

[0032] A stationary waveguide tube 44 may be located within cylinder head 30, and
may at least partially extend into the piston tail bore 32 of piston tail 28, Preferably,
piston tail 28 is radially spaced from the waveguide tube 44 so as not to interfere with
the movement of piston 22 or to cause wear on waveguide tube 44. Similarly, magnet
assembly 38 may be radially spaced apart from waveguide tube 44. In selected
embodiments, magnets of the magnet assembly 38 may be in a plane transverse to

waveguide tube 44.

[0033] Additionally, a conducting clement or wire (not shown) may be located

through the center of waveguide tube 44. Both the wire and waveguide tube 44 may

7



8 traveling stress waves in the tapes and to develop a voltage across the
WO 2onBi10mpEMsducer 46 may also amplify this voltage for meteringDUsTIBOE3840

purposes. 100381Because the current pulse travels at nearly the speed of
light, and the acoustical wave pulse travels roughly at only the speed of
SouBh AT S ienakatisls REMEERAITIRSIaN 1ol ihe eqc
transducer receives each pulsg co%%eg:ee ity h%g tﬁﬁ? %ﬂ}fﬁgcgég{r}@gqmgh a
Wﬁdet%hegdmcﬂ@nm Tdise timhidéervabitable means for
atiomqhihe Jistancg dhal agnet agsembly 38 is from the
ﬂt(rans ucer eng%(l)f the tube.{%gg%%ﬁégf!ﬁu%eeggu%ﬁ&ﬂéﬁﬁ%ﬂféﬁal and

[00347 dividing by tbe fubs s.vglacityaf.or, ation, the absolute distance of the
magnet assjégmmy from.the%a gﬂg%%{gleeﬁﬂib%%c nggg Infyggder 19, may
seBo3gMAThécalant SHorgsomsignalsthbre ised lossel infermietinmans Between

J&gﬁﬁﬁﬁi@&@ﬁg%&@q@n&gfﬁg}(dg&giﬂg is necessary. The reading is

absolutely determined by the location of magnetic assembly 38 with
[0035] respedt {@4an8qHE6LA8 ;1R It nowledge of the absqlute .
] osition of the ram, itscanlbeg)él %Jé%l’él‘%l?lagﬁﬁ e&%ﬁ?&%ﬁ%@&}gaéﬁmmwe
SPRA RN uP Neswhintthe greeratienpat tbe anegmataeattineherdiondaiposed

tHag=AM IS WRULIANE &euhal r is backlash or wear in.the
piston mecﬁkffa%nism. Fro;tn su%(g:?gs?v%&#\%%%%g |%Sﬁsz:)%lfasg§?lﬁ?§ é)rlléf?m 20.
[0036] Possibigity ReasuR Rl Si e city and the rate of .

l movement or_ga.ccelerat?ctﬁgll‘ﬁta éﬁg (fe"%ggrg%%oé{ éﬁgt%mcplg on (0041 A8 riction
TREFSIFP D FatRil B o fcTemetangial i ansiatieriadyap béthaen finnzontadlyalloys, to
apRased fanme el SRIgWOL prey t embodiments, the ram

gp may be calculated %%d recordggg%eg%te%?r%%?hir{g an eé%ﬁﬁf%%&sﬁ'ﬂ‘?gmde

CACHRAITHRREreBPaNGHIT A Relamve tisgnetessethipadhibatanintgihalinally
nealsuizieratniselaiembedinents Biepasiienobiieams el e blonot ..

preventer may be determined Using a cylinder and sensor arfangeme

a4 (SLARRENR ASETIPRIGEEs deatbgdmbosing ariydsthpermanent magnets that
maFTHETRAIBIQR SVEORAPSRKPOWMELI %ﬁrﬁgﬂf %99{%:)‘{};%{%'1? taitvﬁ 22 itiogverse

of the ram, may be sent to a data acquisition device that may be“used

Q HAveRdn Mgt dRdraadigy satllpiennsad pratiemespetn seldatesirface of
vevdstinanis 4he ﬁﬂi%ﬁm%ﬁ&ﬁ@ﬁgf@gs@é@kﬁi@ﬁé@%ﬁn%sme " ceassambly

e.g,,.inches, centimeters, etc.) between the two rams, whether measuré
38 e EpHoneIudinally magneiize an area of waveguide tube 44,

[0037] Waveguide tube 44 surrounds a conducting wire (not shown) located along its
axis, The conducting wire may be periodically pulsed or interrogated with an
electrical current in a manner weli-known in the art, such as by transducer 46 located
on the outside of enclosure 30. Such a current produces a toroidal magnetic field
around the conducting wire and waveguide tube 44. When the toroidal magnetic field
intersects with the magnetic field generated by the magnetic assembly 38, a helical
magnetic field is induced in wavegnide tube 44 to produce a sonic pulse that travels
toward both ends of the waveguide tube 44. Suitable dampers (not shown) at the ends
of waveguide tube 44 may prevent echo reverberations of the pulse from occurring.
However, at the transducer end or head, the helical wave 1s transformed to a
waveguide twist, which exerts a lateral stress in very thin magnetostrictive tapes
connected to waveguide tube 44. A phenomenon known as the Villari effect causes

flux linkages from magnets running through sensing coils to be disturbed by the

8



WO 2008/101005PCT/US2008/053840 [0042]Furthermore, as used
WO pegeiIwdinder pressure” refers to the amount of hydraulic presauE2008/053840

exerted upon pistons configured to close the rains of a blowout preventer.
As such, cylinder pressure values may be measured at various positions
=S el g{pergggv;gvrg gaps).and recorded. As.such, a blowout preventer.in
accordance with em%o?éﬁm&é%ntga ?sscl%gedtﬂeflé?ﬁg}%%yain‘émﬁgea ArESSufbe coils.
transdipss 6 menyabrh empdific hcovdijage ddomensinghe eylindeppressire.
Further, a pressure sensing device may send a signal to a data acquisition

[6038] deviceRecruserdheyimdenpresiraravsiientedearisitidrsspeed of light, and the
@%géélpgg;g '\{%g, trapsducer may be used.to report and record
actual ram f_orél)e, whtgg!g%?%ﬁf atronl nﬁc};?osr? TSl R Bmf dntepral exists
‘tﬁ@vﬁmﬁbgﬁﬁﬂhﬁmmeﬁwd&nmwm%&gmﬁﬁo%@esmmmd with
tseshinterchangenbly; 4 force may be defined as cylinder pressure.
_multiplie% by the,cross-s%é%?ﬁa??%‘écggtﬁg ram 3%40?{58. fg]ﬁ‘ifﬁ%rriﬁ@s ime
lﬁ%ﬁmé Figurengtiengedheibistantegt bytired erpab ssugaca aadtnaoreols &dm the
SARINRFCRIHaRsR With. emba f the present disclosure is shown.
The data shown in Figure 49 W%S obﬂiﬁ}gﬁ‘v’v’ﬁﬂ%ﬁe&&ﬂﬁd‘\}%w&bé Qﬁfégmg by
18R dubiy ey dpeiprbranpeasionr withthleimdistaie biotheuiqresen@mbly from

@@&%@W@m@g%ﬁgﬁ%@ed using any of the devices and
methods previously described. The graph contains data points and curves
6039] and thgt facilifate ansndarsiandi g[ circumstances surrounding the
1003] closing of the rams around'a{t%pfgt’)jqeﬂcetg;l BQO?Z%][P Seoc?lt}}lvgrsl%a;éoﬁfa 0p by-=eromng
Vol lisoming sisan seediniteismsarisgmaridbe cedlingrisl shboliars withéamified by

t8é DEIRYE RIEYRAHE LGN 0MHSHaIRS (ala gRagriedaunile shearing

H H n e
a shearing sub with new "ram blocks,"” whereina ram BISER s a

[0640] compopaRtAHRchaGkiRthe FRELEONT o shear an object extending . . |
} through a blowout pré%enter. Sir%%%ﬁ?#%%%égcéog S eo%?dﬁt%%ﬁ?@%@ﬁ“med 1

Dirrsliesrmn) ceknelosrg i hararelphagun, terwbio degre@uheepdter or wear
marbRYRORtAhsalyethvhilg sheatinga él?air]%éégg %}{Xr\év%!l lpzilgﬁgsgmior wear in

curve 500 depicts data observed while shearin Inch pipe an

ﬂ&%@’é‘ﬁﬁt R pFEYEnRCEREN [Rinves00ms ivssdata obberyedsible to
éalere paasing:ea %ﬁé@d%ﬁ"(@o@i@%ﬁ%@ E%Y@QF%DQ’QI%%%% ('Jb‘{gdéggglalhlén and

the %rraph reflects data points that may indicate certain events taking place
dRpiErTHeT A B Pisbwout preventer are closing around an object. In
particular, data paints 401 indicate positions where the cylinder pressure

{0041] begind* b SR BEFFIRE OFERRR cTe&E iR taeiienasiationrhiny tbveonthaotizontally

opibséae-abiest thiiBlaevoas sraouedala RIS 4058 59@8‘}#}%{%13 may be
indicate, the cylinder pressure needed to shear pipes and/or cables ©
¢ &%ﬁ%@dtﬁ%&??ﬁ%eﬁm&ﬁtm&@mammmm pbieashGB8mlyereby

alielidage the-dpantiondaiiined apeean ipesad/ar Gablegugre.gheargd. .
eﬁggtésed herein, "shear prgssure" is the amount of cylinder pressure

TR HeRmPRFtiREaP B EER IR rtRe Bl TostapEeN ATt 0Ban Ay determined
uiioicatey ihiieatiteseages _ﬁﬁ@f%@xﬁlﬁiﬂpéﬁxﬁlﬁﬁl%%tf%&%‘ﬁ%pﬁgéx%?§' d3,or
5404 ma§ indicate the position and cylinder pressuré when E‘Eﬂe ’

Data poin
YR aﬁ%¥ %o A8 ARSI PEm & 4DS #ay Ruithee the relative

pistieasiigiey late e seutediam ihaseniaakchihe H@Wéeaﬂgtsﬁéil? 'be used to

thereby implying.that the rams are completely closed.
ca cuﬁapey az%e‘gcogd Hne ram gap of the blmgout p);'evcnter. In selected embodiments,

the ram gap may be quantified by a clearance distance {e.g., inches, centimeters, etc.)

between the two rams, whether measured or calculated,



[0047]In one embodiment, a blowout preventer may include a cylinder,

WO 2$80HE8 sensor arrangement similar to that shown in FiguP&d 2/ 23§8453840
The blowout preventer may be cycle tested by opening and closing the
rams multiple times. A cycle may include completely opening and closing

[0042] the ramgiABSRofey @ iRSHNGdfem MR KN QMEIGrETE REEINALMABY Renount of
used to evaluate the reliability of components being tested. Whileécgcle
I

AR RSB B FE RSN TR TH RAATS emB s I SV 5P B e &fi@chieout
pPOAHRAS (A sf@h @Stﬁ.amﬁaés%@@aﬁxg@ﬁ@p%é%@ﬁ@@%&oas%@tbﬁycﬂasitions

This data may then be compiled to show how components of the blowout
(e P AIETCrERE rase 85 ABRERSARTESY it EUehe ACURINEPHISENEMRIR preardance
VAtHMQYBodurBsd R sexsdiohSeaD data imaydeUusriiiir deleimbing B8 Nother

components need to be replaced or modified. Reasons for replacing the

dexifp SABRBIS R BRAIDE SRt te PRSI RCIGYE Bl PSR R tingodevice
nexeassive fasklash anehweghi dRASHher iwelbaadcompenerisuvdtiiRelected

the industry may be affected by movement over time. Wellhead
PESHiBBhents may include, for example, a wellhead connector, failsafe
vaIvesSAj;od W,ed?e, diverter lock down dogs, stack mounted accumulator

100431 pottle LU StHe FEG BRI K SN PH 4R AR ARG @ BRI ek ram
TSRRSONREFARGRMTEINI NS i ding-Bdhagn eI sH i iYR-SRIAG O FBAYHREUSEEhE00! this
determine the position of at least one wellhead component. Th
AR SR RATVECS EFRSPTR B0 CEAD E LGRS Lot AR raeRP e R foree
kb esmesDid HpesiiarNrtheditichaal bratwealbeaskeommaparatoT g ram
magnetostrictive sensor may send multiple signals to the data acquisition

RI¥IR%E over a selected time interval, thereby indicating any movement of
the wellhead component during the selected time interval. 1004911t ma ,
[0044] e, s B GEEE TRty HSHHG o ST SBLEE (XA TR BT fohpetion
ofaad gapsiiurertaion wtareatistingaamdd ewantravastissikeiayieyn. The
cf%ossi le to on iﬁrgﬁla‘fe or mgdfiﬂ% poglign %fthe ram blowogtﬁreve ter, ¢
BUEIRY thif costhe Ce S8nPH5 Saﬁiaﬁ’ SRy REuTBHEh t8IRE LY sees ©
daistep mehtatidarshonie ganplas tiihndldeono psévienter adthisn dmamentationctgured
an, existing,ram blowoug preventer by replacing or modifying only the
S P L BB ST D Cras GrotaN (R R TR R e e eraph
dostalrenclasurpoimd pistbnctavenayie nhaovedlifde removddrpimtdimpailof the
may be modified Oto Q%vetﬁlecggggl bc%r éor insstarrumegg%ti n apd reattached
KX} e%y%crglsu?llf‘:npls oh,%r & ReW prston alrfiﬁlavm%ug cahfraore may be
attached to the hydraulic pisto ikewise, the cylinder head enclosure
100451 e A A e B | AR S ous cable
dgathieriale suith hamingfan hswonentatisteporCnrey bédcdmstreted datdthebserved

N ‘évo%;%’.'ée‘é Q&%&é’roﬁ‘?%- SRRgRG! asse rﬁ?éﬁk@"‘.yw%%l%ﬁ?%h?éjn}%%%k is a
piston’tai ing a central bore, and a magnetostrictive Sensor, as
wespobed abedediiaythe wnteastiauied ytdisheseshinthecentealbgalobugh a
tf‘o%'éttoﬁré%énttle?("r’. 1'%%‘% 'ng, 1e: agolign of g, 1S “sr{‘ﬁé‘ tYlvrhelt He ing @
€ necessary to calibrate thé magnetostrictive sensor to the tully openan
shehriclpset pasitiexryiefitied ram. MadisonGllyythilihswamentdioisrerved while
eterminin osition of t ay he ratively, connegted .
ST .7 S RO NRIERHIE Nnd” RS E S ERETEIEE Biivea white
sineariteg, s playstapi/orandnerobifie puditiohloftivet prevbased Gpahinncurve 600

lectronic signal from the tostrictive .sensor.
A e o B R oot revens: sy
[0046] to 'nSt%IdditionaIIy, the graph reflects data points that may indicate certain events

taking place while the rams of a blowout preventer are closing around an object. In
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instrumentation for ram blowout preventers that accurately measure the

WO pasitioHodelocity, and acceleration of a ram. Additionally, enHEXiIFR2eus 053840
disclosed herein are non-invasive of the hydraulic cylinder cavity, which
may provide additional advantages. 10053]Further, embodiments

paisciaseddacsqinie &lansfesdexiifiy %@%@0%&%%%%@;&%8@&55 to

preventers while providing for cofnsistent construction of '\
e2p0rg) e opeRioT Alyse posB 3 adiertserring intavetntpeevetitéhs. gbpect. Further,

S ABWIE USRS TN PRIk mﬂ&wga}ag&g}gﬁgﬁﬁ&mt Fafrvided q

with or without instrumentation.” The intégrity o connecting the ram

SHERT PRSI SsHAE erbebrapRing Seprghtitee risencenseeantiete rhutthonador, data
PIRENG S8R5 AL ASWNEIE e8RSO iﬁ@iﬁmeaﬂ@nt'ggﬁ@d oH8AS Qbles were

requiring strengthening or modification of rods for use with and without

shrstietmehtRsH. DesrimiorsinyT eynpwer hisalds ampraliopridiey foessure needed
WS entRtign eb&a@&dﬂxﬂmef%%g&%ﬁﬁ/%%@?%@@éﬁwetﬁgg rams

that do not provide for instrumentation ports. hi this manner, parts may

RAAEHhRRGEMD BleaigBtm PRtk BIBINSUSPHEvenBrRimBrjie 48&imatioidisate the
pésinsidadnyrme il 2Rd s alemars Wilike AlpiedARKRIYBiher. Data

product choices without fear of inconsistent manufacture.

POIS ADE MBY ARAiCAtS EieEeiag ndiadenpassaervativag datispnisrs wikithe rams and
seasthedechy iestng AREMeRNG COMRARBRNIS Al dae blowout preventer,

thereby detecting and/or preventing potential problems or issues during

[0047] operatignthesafofigfaxampiswembadinerts disclosehbe/AAY, rams, and

provide a method to sense backlash'in a locking mechanism of a ram.

SPRARR ST AR BEaNh Sl Se BuE ShREiA Fag RS i neTihscrierastiprg venter
rAd BB RARISTRGINE Bifeoprala 2 REOEIRNISRANSH ISR O ERIAIR cycle may

components (e.{g., seals, packers, locking mechanism) included in the
&r

BN LEBraNEREE roRTHRE R ELOSHB M TaRIS 8R%osEdTiereftingals @ method
Kpiswitlenacheedhothio ARl GlenRad a0 JLORIMMR! TRIENERISIHG P INSR¢hts being

during operation of the blowout preventer. [0055]Additionally,

eSO RIS YRGS RE e PN AL PERKFRF R RS R Ay HrBbRia Frbitis Bisgsure at

AR MSIRIR00!E, (asingpRP R o vRkAimeda 3pRically Bstallishal, This
stimated remaining life for rubber components. Further, embodiments
e cTRLA R B D b PRAP R B RO AP B o BB emter (e .

spaisitierniefRQRegMpe apn b cltirperrebhsisualppmairandie iR fahe cycling.
sde ergnine hov\\jjelast eric seals act and react so that elastomer designs
e 50

I 5 S BaREn SR GORBE RIS RSy DR g laced or
oeifieds aReeapparhivsdplaitierisecsponing isSaanmidbya Mevenier may

T T G G SRS BUS ARG Fray be applicable o
o04s) " ARSI A L UMD S
oeplaceenelf dliteradisofapwreats may inciude, for example, a wellhead connector,
failsafe valves, pod wedge, diverter lock down dogs, stack mounted accumulator
bottles, and any other components known in the art. In one embodiment, a sensor
arrangement including a magnetostrictive sensor may be used to determine the
position of at least one wellhead component. The magnetostrictive sensor may send a
signal to a data acquisition device that may then record the position of the at least one

wellhead component. The magnetostrictive sensor may send multiple signals to the

11



WO 2008/101005PCT/US2008/053840 plates and packing units for

WO g (HPBlowout preventers. Further still, embodiments disc/BEEFAIR2408/53840
may be applicable to stack components including, but not limited to,
wellhead connectors, failsafe valves, pod wedges, diverter lock down

d6IRGRRNGRIC S B%eH IWRIAEPAIIESnIBRAT WHIS (N8 RUEAEUR P Ao vement

been described with respect to a limited number of embodiments, those
of thrcrsiihend SATRDRT Surngithsrsetectrddsnaiatsmlappreciate that other
embodiments can be devised which do not depart from the scope of the

[0049] inyentbimsy doseddearsm. IRcaBFHiRfIRESEape &f théishuantion blowout
pRtRuitdibe iiiiad anniydherioches Eaimsy GhfMRout pretehd YRfay be

blowout preventer, comprising: a body; 5 a vertical bore through the 'body;

PSSR h eI GRRre Sg AP RIDSREGR &dtivhg fREnJRlRTearpiey satsairefucing
A6 $REHYNSS disngsesiin éﬂﬁwi%‘éjﬂﬁgh?ﬁ{ﬁt%niH&E}Qéiiﬁs%iQ&Eﬁ’Fa‘éﬂﬁa. For

body, wherein the ram assemblies are adapted for controlled lateral

emﬁ’léﬁtxﬁ?&rk)efﬁ’ﬁsm@ to add instrumentation to an existing ram blowout

preventer by replacing or modifying only the cylinder head enclosure and the piston

tail.

10650} The existing cylinder head enclosure and piston tail may be removed. The
removed piston tail may be modified to have a central bore for instrumentation and
reattached to the hydraulic piston, or a new piston tail having a central bore may be
attached to the hydraulic piston. Likewise, the cylinder head enclosure may be
modified to include an instrumentation port, or a new cylinder head enclosure having
an instrumentation port may be connected to the ram blowout preventer body. A
magnet assembly may be attached to the piston tail having a central bore, and a
magnetostrictive sensor, as described above, may be at least partially disposed in the

central bore of the piston tail,

[0051] Following the addition of the instrumentation, it may be necessary to calibrate
the magnetostrictive sensor to the fully open and fully closed positions of the ram.
Additionally, the instrumentation for determining a position of the ram may be
operatively connected to a digital control system. The digital control system may then
be used to monitor, display, and/or control the position of the ram based upon an

electronic signal from the magnetostrictive sensor.

[0052] Advantageously, embodiments disclosed herein may provide easy to install
instrumentation for ram blowout preventers that accurately measure the position,
velocity, and acceleration of 2 ram. Additionally, embodiments disclosed herein are
non-invasive of the hydraulic cylinder cavity, which may provide additional

advantages.

[0053] Further, embodiments disclosed herein may allow for flexibility in the

components of ram blowout preventers while providing for consistent construction of

12



vertical bore, wherein each ram assembly comprises a hydraulic piston

WO 2@8netied at a first 10 end to a ram block and at a second ePOTHUS2EISER3840
tail; a pair of cylinder heads configured to be attached to the body and to
receive corresponding piston tails; a magnetostrictive waveguide tube

tacheq wi first end to ong of the pair of cylinder heads,.a second end
t@%t e mqggf{%%s@%wgq\?vrgv%%%eeﬁbep %incgu#{é%’%tsar{a‘lﬁﬁg 4GS e “Blowout
regvenititsglintars poreifednwithvaithinthote asstomegustomtaille peopdaryest the rod
iSpo he at least one piston tail; and.the .
g ORI B AR RIS S0 Dtenenes nfagjgtema
beaomei foe ragatipn ysulse, faswmlwtethsdenssr shidspirsdh éninterrodotian petisequiring
S a helical return signal in,response to a relative position of the .
O R TS RE i s SO gentation.
Acihbiduddy,is dordiguredtitoast ¢ivie thve hidiicg| fetunstsigrat stheh autguba readily

iBRAANRL IR RIS SRUERRANNR (iRl 1823 805 PR il umentation

2. The r%m-type bfowout preventer ot claim , Wherein the
nedgnéndBisionvenss paveguidecubteishioresiabiinelisinggaetibeeyvadt Pheventers
RN RREHONUREY S BLA A ADSISR R GIRIRERN P allotiea
generates d toroidal magnetic field around the wire.
flexibility in product choices without fear of inconsistent manufacture.

[0054] Embodiments disclosed herein may advantapeously provide methods for
testing and monitoring components of the blowout preventer, thereby detecting and/or
preventing potential problems or issues during operation thereof. For example,
embodiments disclosed herein may provide a method to sense backlash in 2 locking
mechanism of a ram. Further, embodiments disclosed herein may provide a method
for testing and measuring the life cycle and or maintenance intervals of certain
components (e.g., seals, packers, locking mechanism) included in the blowout
preventer, Furthermore, embodiments disclosed herein may provide a method to

detect wear and/or interference issues before and during operation of the blowout

preventer.

[0055] Additionally, embodiments disclosed herein may advantageously provide
method and apparatus to record closing position over time to graphically establish an
estimated remaining life for rubber components. Further, embodiments disclosed
herein may provide apparatus and methods to monitor the position of BOP
components during seal development and testing to determine how elastomeric seals
act and react so that elastomer designs may be improved. Further, embodiments
disciosed herein may provide methods and apparatus to determine when pipe is
sheared by a ram blowout preventer, thereby affecting pressure accumulator

requirements.

j6056) Furthermore, embodiments disclosed herein may be applicable to the
movement of pistons in an annular biowout preventer. Such embodiments may

include the use of position indicators to deterrnine replacement intervals for wear

13



30 4.The ram-type blowout preventer of claim 3, wherein the helical return
WO 208¥/2#1898reated in response to the interaction of the toroidaPETEERZHS/053840

field with a longitudinal magnetized area of the waveguide tube. 5.The

ram-type blowout preventer of claim 1, wherein the magnetostrictive

psaseside, e NR%e RANIRNEE SHYGHIE pR b e AR DS E{ﬁYY%ﬁgbodimems

preventer of claim 1, further comprising: a seal disposed between t

dsTsHmastheerRicah reigstiae rompaments arkhedingy bypoot limited to,

WAORGQI! BERKERISE ORSIRIT: Ly igr el ang, BREZONEN bote E&Jff&mt Q8L and

the bore formed within the at least one piston tail. 10 8. The ram-type

PBRSTSE BEFEvaiiar k& 1 wherein the permanent magnet is concentric
to the at least one piston tail. 9. The ram-type blowout preventer of
[0057] claim Whileetsrianensior ks dieerpibesrribatigvith respect to a limited number of

embodiments, those skilled in the art, having benefit of this disclosure, will appreciate
that other embodiments can be devised which do not depart from the scope of the
invention as disclosed herein. Accordingly, the scope of the invention should be

limited only by the attached claims.
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15 radially spaced around the waveguide tube. 10. A method to
determine a relative position of a ram, the method comprising: reciprocally
engaging a magnetostrictive waveguide tube within a bore formed within a
piston tail; 20 longitudinally magnetizing a portion of the waveguide tube
with at least one permanent magnet fixed on the piston tail; pulsing a
conductive wire located inside the w ﬁgkhige tube to generate a toroidal
magnetic field, wherein a return signal is produced when the toroidal
magnetic field encounters the longitudinally magnetized portion of the

Y}\:aveg/gigﬁntgﬁgf be%ﬁt %@gﬂ&ip&%{ ive position of the ram from

the return'sig 11. The method of claim 10, further comprising sensing
afedeturn signal over a time period to determine a velocity of the ram. 30

alfeﬁﬁglrgg;pgq&(gq{q@ fida,further comprising detenining a rate of closure
of t

e ram. 13. A‘method to add instrumentation to a ram blowout
phevientdal toeertlothuh doeripmdsingferassitnarigereyiisdldh®iead enclosure;

a pair of ram assemblies 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 each ram assembly comprises a hydraulic piston connected at a first
end to a ram block and at a second end to a piston tail;

a pair of cylinder heads configured to be attached to the body and to receive
corresponding piston tails;

a magnetostrictive waveguide tube attached with a first end to one of the pair of cylinder
heads, a second end of the magnetostrictive waveguide tube being free standing and
extending into a bore formed within at least one piston tail;

a permanent magnet disposed upon the at least one piston tail; and

the magnetostrictive waveguide tube comprising a conducting wire to receive an
interrogation pulse from a transducer, wherein the interrogation pulse generates a helical
return signal in response to a relative position of the permanent magnet with respect to the
waveguide tube,

wherein the transducer is configured to receive the helical return signal and output a

position of the ram block corresponding to the at least one piston tail.

2. The ram-type blowout preventer of claim 1, wherein the magnetostrictive

waveguide tube is longitudinally magnetized.

3. The ram-type blowout preventer of claim 1, wherein the interrogation pulse

generates a toroidal magnetic field around the wire.

4. The ram-type blowout preventer of claim 3, wherein the helical return signal is
created in response to the interaction of the toroidal magnetic field with a longitudinal
magnetized area of the waveguide tube.
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removing a piston tail from a hydraulic ram piston; 5installing a
replacement piston tail, the replacement piston tail comprising a bore;
installing a replacement cylinder head enclosure, the replacement cylinder
head comprising an instrumentation port; attaching a magnet assembly on
the piston tail; and disposing a magnetostrictive sensor from the
replacement cylinder head enclosure such 10 that the magnetostrictive
sensor is configured to engage and disengage the piston tail bore as the

hydraufigeranhRIiSin Beipsacaiesvertt: The tiethod ofwlairaid 3ierthepnetostrictive
comprising calibrating the magnetostrictive sensor to indicate a fully open
VaLsEYiE ‘Eﬁ%]Péﬁ?éﬁ%“éeﬂﬂfg%%l%’if‘position of the ram. 15 15. The

method of claim 13, further comprising: operatively connecting the

magnetostrictive sensor to a digital coptrol system; and determining a
Dositioh t5riEHB-FERA RIRFY B Wd}ﬁ%gﬁ?i% geﬁ%’r‘?f@’f@%@%ethod of

slaim &S Jwthesncemnrisiperaisiiayingetie pesitienokiesanpbasedilpon
an electronic signal from the magnetostrictive sensor. 17.The method of
claim 15, further comprising controlling the position of the ram based upon

an elegrRnic:signsd froswthe PagesteskiCtdiaiBensowherein the horizontal bore is

different from the bore formed within the at least one piston tail.

8. The ram-type blowout preventer of claim 1 wherein the permanent magnet is

concentric to the at least one piston tail.

9. The ram-type blowout preventer of claim 1, wherein the at least one piston tail is

radially spaced around the waveguide tube.

10. A method to determine a relative position of a ram, the method comprising:
reciprocally engaging a magnetostrictive waveguide tube within a bore formed within a
piston tail;

longitudinally magnetizing a portion of the waveguide tube with at least one permanent
magnet fixed on the piston tail;

pulsing a conductive wire located inside the waveguide tube to generate a toroidal
magnetic field, wherein a return signal is produced when the toroidal magnetic field
encounters the longitudinally magnetized portion of the waveguide tube; and

determining the relative position of the ram from the return signal.

11.  The method of claim 10, further comprising sensing the return signal over a time

period to determine a velocity of the ram.

12.  The method of claim 11, further comprising determining a rate of closure of the

ram.
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i3. A method to add instrumentation to a ram blowout preventer, the method
comprising:

removing a cylinder head enclosure;

removing a piston tail from a hydraulic ram piston;

installing a replacement piston tail, the replacement piston tail comprising a bore;
installing a replacement cylinder head enclosure, the replacement cylinder head
comprising an instrumentation port;

attaching a magnet assembly on the piston tail; and

disposing a magnetostrictive sensor from the replacement cylinder head enclosure such
that the magnetostrictive sensor is configured to engage and disengage the piston tail bore

as the hydraulic ram piston reciprocates.

14.  The method of claim 13, further comprising calibrating the magnetostrictive

sensor to indicate a fully open position of the ram and a fully closed position of the ram.
15.  The method of claim 13, further comprising:
operatively connecting the magnetostrictive sensor to a digital control system; and

determining a position of the ram with the magnetostrictive sensor.

16. The method of claim 15, further comprising displaying the position of the ram

based upon an electronic signal from the magnetostrictive sensor.

17. The method of claim 15, further comprising controlling the position of the ram

based upon an electronic signal from the magnetostrictive sensor.
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