RAM BOP POSITION SENSOR BACKGROUND [00 Embodirnents disclosed herein relate generally
to instrumentation of ram blowout preventers. More specifically, embodiments disclosed herein relate
to the direct measurement of position, velocity, and. rate of movement of the ram in a ram blowout
preventer. 100021Well control is an important aspect of oil, and gas exploration. When drilling a well,
for example, safety devices must be put in place to prevent injury to personnel and damage to
equipment resulting from unexpected events associated with the drilling activities. 100031 The process
of drilling wells involves penetrating a variety of subsurface geologic structures, or "layers."
Occasionally, a wellbore will penetrate a layer having a formation pressure substantially higher than
the pressure maintained in the Wﬁgg%%%ﬁg@)%ggﬁ%&% ’.‘ said to have "taken a kick." The
pressure increase associated with the kick'is ge cedby“an influx of formation fluids (which
may he a liquid, a gas, or a combination thesegf)intethemellbore. The relatively high pressure kick
tends to p@ﬁ@g te fronﬁa,p%'nt of entry in the wellbore uphole (frTomLa high pressure region to a low
pressure r glonﬁ if the KIER S R We 16 PEHeH e s iFfake, SERMAGHI(id RvaNTssIet ahaPotkek drilling
structures may belGiswhnrottofitte WétiboresShchl iblewoulish may desult-in catastrephicigdestruction of
the drilling equipmest (inglidings{asrexample. she drjling.rig) apd. sybstantially;iniure or resultin the
death of rig persgﬂ)%lu[ogcgm I%eecause of the risk of blowouts, devices known as blowout preventers
are installed above the Wellfiead at the surface or on the sea floor in deep water drilling arrangements

to effectivelygeal a WeRbgﬁ%&%ﬁ@%%ﬁ}ﬁ@éﬂ%%&%lgc}?%il?:ﬁ%ﬂg%% %Q&grog!ntgﬁ ia%;hnBé%\é\{QuL reventers
ro

may be activated o that kicks are adequately controlled and “cifculated out" of the sys em: There are
several types of Bfotwotit FrevRHteE the WSt SOt ot Whikirafe PamiBlowsat raverters and
annular blowout prévémers (inchading spherieétigofvout preveatess ). :00021Ramblowautipreventers
typically have a ady,and:atigast one pair of

LLELECT The process of drilling wells involves penetrating a variety of subsurface
geologic structures, or “layers.” Occasionally, & wellbore will peneirate a layer
having a formation pressure substantially higher than the pressure maintained in the
wellbore. When this occurs, the well is said to have “taken a kick.” The pressure
increase associated with the kick is generally produced by an influx of formation
fluids (which may be a liguid, a gas, or a combination thereof} into the wellbors. The
refatively high pressure kick tends to propagate from a point of eniry n the weallbore
uphole {from a high pressure region to a low pressure region). If the kick is allowed
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

wnjure or result in the death of ng personnel.

j0004] Because of the risk of blowours, devices known as blowout preveniers are
installed above the welthead at the surface or on the sea fioor in deep water driiling
arrangements to effectively seal a wellbore until active measures can be taken to
control the kick. Blowout preveniers may be activated so that kicks are adeguately
controlled and “circulated out” of the svstern. There are several types of blowout
preventers, the most common of which are ram blowout preventers and armular

blowout preventers (inciuding spherical blowout preventers).

[G603] Ram blowout preventers typically have a body and at least one pair of

honzontally opposed bonnets. The bonnets are generally secured to the body about



horizontally opposed bonnets. The bonnets are generally secured to the body about ference
with, for example, bolts. Alternatively, bonnets may be secured to the body with a hinge and bolts so
that the bonnet may he rotated to the side thr maintenance access. Interior of each bonnet is a piston
actuated ram. The rams may be either pipe rams (which, when activated, move to engage and
surround drill pipe and well tools to seal the wellbore), shear rams (which, when activated, move to
engage and physically shear any drill pipe or well tools in the wellbore), or blind rams (which, when
activated, seal the bore like a gate valve). The rams are typically located opposite of each other and,
whether pipe rams, shear rams, or blind rams, the rams typically seal against one another proximate a
center or the wellbore. in order to coerpI tel(;/, seal the wellbore. 100061 The rams are generally
constructed of stéel ahd Tied wi “gfas%%ﬁgegjm%‘gﬁenféhﬁﬁlﬁxl‘é‘%é’alﬁﬂﬁ‘%*ﬁrfé’@é§?'ﬁﬁ@l‘r“ﬁ‘f*n blocks
are available in & Vafiésfpiconfigurstions! dtdwing thenrtdseatawellboreaRipesramsitypisally have a
circular cutout inthecmiddlethatconrespands.teithe diameter of the pine in the hole to seal the well
when the pipe is%nagq% 1_holleé p;?r}’;\{;e%/eﬁ’ glhesg %)ipe rams effec’ti\iely seal onld(vj a limited ranee of pipe
diameters. Variable-bore Tama are designed to SEXF S wider Falge 6155 e HidassdFh@Warious ram
blocks may also®Be Bffangets withierthablowbatpredentersnallowing weltoperators, tenoptimize the
blowout prevemerigegatigurationfor theparticular holeseptionofoparationinprogress, Examples of
ram type blowoq%ga\l/_e%%]s ar zvdit% Ioss%g iﬁe%gé% tent Nos. 6,554,247, 6,244,560, 5,897,094,
5,655,745, and 4,647,002, each of which Is ncorporated herein by Fefefdice R their 'Ehtiattes.
[0007]Knowledd&BfHhERRei EoHditihe yextre bl i portarito maintaiming: prioperaoperation and
anticipating future:propiems etthawelk: Fronntheseparameters.awsl may be.mote effectiyely
monitored so that safe gonditions.can be maintained. Furtheimore, when an unsafe condition is
detected, shut down of the well can be appropriately initiated, either manually or automatically. For
example, [pteEgUre andtemperatire Fransducersblawput prevepter.cavities tomay;indicate. or predict
unsafe conditio%m'[’ggg%sagg her signals may bel‘gresentgp0 gs contro ignals on a control console

t | s
e S¢h 5 . & ‘ 1} in @ varaty, of ;
employed by a well operator. %e operdtor may, for examplé, & ?Sé(?tr?h%v@?)éﬁj‘&dﬁd?tﬁ%% fégulating
the rotating spe&dGFHHEUHIFHIpE & dgBvinwaT o predsare obitheatei| titicalid thescircidation pumps
for the drilling fluidofurthermarei-wheroalasuraobiie B@RJems isdesiredaseiil fortheqperator to
have accurate knoyigrge ol where.sadh 37 ds pQsita [0908)Qne device that has heen employed in
the past to develop a signal indicative oF
iimrted range of pipe diamecters. Variagble-bore rams are designed o seal & wider
range of pipe diameters. The varicus ram blocks may also be changed within the
blowout preventers, aliowing well operators to optimize the blowout preventer
configuration for the particular hole scetion or operation in progress. Bxamples of
raim type blowout preventers are disclosed in 1.8, Patent Nos. 6,554,247, 6,244 560,
5,897,094, 5,655,745, and 4,647,002, each of which is imcorporated herein by

reference in their entireties,

(D047 Knowledge of the well conditions is extremely important to maintaining
proper operation and anticipating future problems of the well. From these parameters,
a well may be more effectively monitored so that safe conditions can be maintained.
Furthermore, when an unsafe condition is derected, shut down of the well can be
appropriately initiated, either manually or automatically. For example, pressure and
temperature transducers blowoul preventer cavities to may indicate or predict unsafe
conditions, These and other signals may be presented as control signals on a control
console employed by a well operator. The operator may. for example, affect the well
conditions by regulating the rotating speed on the drill pipe, the downward pressure

on the drill bit, and the circulation purnps for the drilling fluid. Furthermore, whan
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the relative position of component parts located in an enclosed housing (not necessarily in a blowout
preventer housing) is a potentiometric transducer. Such a device employs one or more sensors that
are subject to wear and inaccuracies in the presence of a harsh environment. Moreover, such sensors
are subjected to being lifted from the surface of whatever is being tracked, which causes inaccuracies.
Also, a loss of power often causes distorted readings because these devices operate incrementally,
adding or subtracting values related to specific turns or segments of wire to a previous value.
Moreover, devices such as these arc notoriously poor high speed devices. Thus, potentiometric
measurement would not be useful in accurately determining the position parameter of ram movement.
Furthermore, potgﬂg%@%tirigng%gucers are not gluiit?able for use in high speed applications, which

TAME I8, USSIre

renders them of little to no use in ram Monitoring applicatisng. KE0ES) i daitich, ineterrries
measuring devic&&tHatiereréNy Hrssaba iremietiateahovement have the inherent shortcoming of
having to t@?g&@ ttoa laﬁl%eéine inét}heﬂ (—;-%/];-ént of a power failure as well as not providing the precision
that is attendant to contintious mesauremait YE0ToRA Brisrierimtevdhe asetrascefinvedsuring the
location of the rafiis, rHfdyNetssttietive’sensorshave beerwsed tonmaniteraredoneentg! the. position

of the rams. As desaritedinLh $1Ratent Nos, 5320325 and 5407472, which are hereby,
incorporated by rgg\g{%nqg the piston drlvmg__ arm of the ram is placed parallel to a stationary
magnetizable waveguide fube & magnet asSemBIy eUREUTGEthE WA Gt & Rspe et isditached to a
carrier arm that iSAHACREE tdHE tail ofthepisivnr 4001 Fildn WSy Patentijes.7:022,299¢4121,185,
and09,733, a magnetosteative seraerisanauated inandnternal opeping.of a sensor port, The sensor
has a pressure pj,Q% Sxten Qgcigfgs%yhes'%glt chllagac v(irtélwof the C%Iinder body and te_lescopicallij“received
in a passage in the'rod of a piston and rod assembty.  THBI2TFRe SESitoNmE sritemagAEtostrictive
sensors in each 8f 12 ShSE deserinddBarHesis lewsithamoptimateFonexdwpleidn: B:SaRatent No.
7,023,199, becausiithe idensokexiends:inta:thes Canty Qlfctr}g,g]ylmggr Qggkyh@gigfgggg%%&sbe

performed on thergensor it necessarily requires that the ram not be in operation. The attachment of
the sensor and magaéﬁt% Using a carrier a??anrill U'€ P4 %tfltf {I’\I%S.{"%féﬁb%@%,a%ﬁit%(‘)iﬁﬁﬁ“?ﬁf%\ﬁ%ing the

cavity of the cylifdeFBod kY el tEnae Kt mEsshrarmnt ofranrpositionsarddomayincrease
the expense of rant BOR falirication. @013 Therefoaoikis.a.faatura Ll thePresantipvention to
provide an |mprQYIQQr§B%%H§g applications.

1660Y] in addition, incremental measuring devices that merely measure intermediate
movement have the inherent shoricoming of having to be reset to a haseline in the

event of a power failure as well as not providing the precision that is attendant to

continuous measurement.

[8016] in order to improve the accuracy of measuring the location of the rams,
magnetosirictive 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
meorporated by reference, the piston driving arm of the ram is placed parallel o =
stationary magnetizable waveguide twhbe. A ﬁlagneﬁ assembly surrounds the
waveguide tube and is attached 1o a carrier arm that is attached to the tail of the

piston.

16011} In U.S. Patent Nos. 7,022,199, 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 assemibly.
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for precisely measuring the location or position of a ram or rain piston in a blowout preventer.
[00141Accordingly, there exists a need for improved apparatus for precisely measu the location or
position of a ram or ram piston in a blowout preventer. SUMMARY OF THE CLAIMED SUBJECT
MATTER 100151hi one aspect, 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
sensingideyjce, sendingsignaliiront the piesstiraseisingdeviseito dngh datalacabisitiofe deiiee, and

recording the sensed cylinder pressure as a functian of the sensed relatiy ition with the data
acquisition d&VFSES ¥061% Wé%(‘)lfﬁ‘@li Eé)ﬁeeé‘t?ff@%rlgs% t %i%t&%tsﬁ?)é ?e%t’éiét)ggﬁg%aé fod t0 {R&t"

componentscafadiaweutprevantes! the pielngd comprisigpensioeninbeapeytientestonttieestblowout

preventer, sensing and recording a cylinder pressure exerted.on rams of the blowout preventer, at
Cotected poUEGHTHG S E)0S okt i S At LB e At BOSHcH Uap o and
magnetostrighivensenson duingitheeydle test. FHagik Mdn opeoeinbodiment, the presiing disclasisre

relates to a me\%{gd t(&g(?termi&i mgve&?ﬁ:&wtof a wellh(f:ad component ir}clr%%ngos%nsingaadre_j!}ative
position of tHd WEIIFEREIEERBOHeMANINTH MiadRETSEFIEHUL TERSBIEvar 458 IBRR L IHeaI BFtime,
sending a signatfromthepoagnetostiidive sensonima data acquisition device, recording the relative
ositio e wellhead co ' isition . . .
P (é& {Zyi] tﬁmr@%org,leto Hsez{] e\*/gilggﬂet Q}" tfaet%x%gggllsﬁ%ggtloil {o provide an improved apparatus
for precisely measuring the location or position of a ram or ram piston in a blowout
preventer.

10614] Accordingly, there exists a need for improved apparatus for precisely measuring

the location or position of a ram or ram piston in a blowout preventer.

_ SUMMARY OF THE CLAIMED SUBJECT MATTER

10015} In one aspect, 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 pressure sensing device
to the data acquisition device, and recording the sensed cylinder pressure as a function of
the sensed relative position with the data acquisition device.

{60163 In another aspect, the present disclosure relates to a method to test components of a
blowout preventer, the method comprising performing a cycle test on the blowout
preventer, sensing and recording a cylinder pressure exerted on rams of the blowout
preventer at selected positions during the cycle test, and sensing and recording a ram
position with a magnetostrictive sensor during the cycle test.

[6G17] In one embodiment, the present disclosure relates to a method to determine
movement of a wellhead component including sensing a relative position of the wellhead
{:omponeﬁt with a magnetostrictive sensor, over a selected interval of time, sending a
signal froin the magnetostrictive sensor to a data acquisition device, recording the relative

position = of  the  wellhead  component  with  the  data  acquisition



device with respect to the selected interval of time, and comparing the recorded position of the
wellhead component with operations data to determine if the relative position is desirable. 100181In
one embodiment, the present disclosure 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, a pair
of ram assemblies disposed in the horizontal bore on opposite sides of the body, wherein the rain
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 pistgeviall, @ INagnetosticlive: Waveagnide iU be xtendingdrisea hoteeokableasbone @ision tail,
a permanent magnet disposed upon the at least one piston ta Ck%and the net%ﬁtrlctlve Wavegurde

tube compridify ‘geégﬁ’&écﬁ?l@“?ﬁﬁ‘&“ﬁoY@ger\(?gcéﬁ“lﬂ’tér ti6n ‘féjélﬁléjrﬁ %HS & ROAERSn

interrogationgewisggenerates a helical return srgnal in response to a relative position of the permanent
magnet with respect to the Waﬁ\%?gurdeﬁtgbe Wher n the tran ducer is confi?éjgreqq to receive the helical

return $§A& and odthtta PRLKERSE rﬂtﬁsﬁ% Coresps ﬁtﬁsgt?oatﬁ%tt St BNEPisISH Al
[0019jIn oneigamhngdimesbdhepresent diselostie.pelatRsiod, mtemﬁtimtdmﬁ:rmiﬂ&@rgﬁlaﬁvebpdrﬁition

of a ram including reciprocally e magnetostrictive uide t |th|nab of a piston
il longitudiay AP GEE M EBOR GrEHE A RIE TS N AE bt e BE RTE et
fixed to the pigtenitaikipedsingha codguciivealrireitocatedsinsideithewarpguidddubertogriekatesd

toroidal magnetic field, wherejn a return s lis pr duced when the tor aI magnetic fiel counters
the Iongltud|ﬂ%ﬂl‘if’?ﬁ?ﬁ(&ﬁrgtf’i’édJ gﬁ 3?%‘%\/&%8&] S Wod dna o Searmi |?1§%H§ﬁs trviex rg(}‘)sl%on of

the ram fronpibe retunnsigdaht 100201 knone embediheit, atflrte preseniddisclogure relatesdtaal method
to add instrumentation.to.a ram blow ut eventer4nc|ud|n ovrn a c;ilrnder head%(incl?al re,

removing a PRSI AT TR RHUFEIIE r AN ISt IHE G & re(brl%cem Biton tafl e

e rep adement
piston tail copeprising @heiecinsitplingl aueplatemeritayliodertiad emhlmeitmmfgptaﬁﬁmrm
cylinder head comprising, an instrumentation ort, attachrn a magnet assembl tto the1 |stPn tail, and
disposing a WAt §tr1|% B SRRES o TR r"é% R emEnt eyfifder Hahd SRETSELRS dRCHE the
magnetostriat:hredaeﬂs@rhereﬁﬂtﬂlgureelrtegengagﬁdau@@mmgheﬂteabmtomte&igﬂmirm assthesgdraslic
ram piston re rocates, 100@ B1Other as ects an anta e f e inventio WI{| be 2 Appare t from’

following deé% ‘{8 r?%ﬁg% marng nt maﬁne Wlt res e wavegulde tube, ein 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.

[0019] In one embodiment, the present disclosure relates to a method to determine a
relative position of a ram including reciprocally engaging a magnetostrictive waveguide
tube within a bore of a piston tail, longitudinally magnetizing a portion of the waveguide
tube with at least one permanent magnet fixed to 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.

[6026] In one embodiment, the present disclosure relates to a method io 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, atfaching a magnet
assembly to the piston tai}, and disposing a magnetostrictive sensor from the replacement

cylinder head enclosure such that the magnetostrictive



BRIEF DESCRIPTION OF DRAWINGS 0(122]Figure | illustrates a partial sectional view of a prior art
ram blowout preventer. Figure 2 is a sec-tonal view of a ram blowout preventer bonnet assembly
accordance with embodiments disclosed herein. 10024]Figure 3 is a detailed view of a portion of the
ram blowout preventer bonnet assembly of Figure 2. 10025JFigure 4 depicts a graph displaying
cylinder pressure as a function o rarn gap in accordance with embodiments of the present disclosure,
DETAILED DESCRIPTION 10026In one aspect, embodiments disclosed herein relate to a ram
blowout preventer including instrumentation for determining a position of a ram within the blowout
preventer. In another aspect, embodiments disclosed herein relate to method.s for determining the

position, Speed"s%ﬁ&l?‘?&!‘]ggnr £ é%l‘gifi ?Brgrgg?a'lge%rgg rcri}ts%lr? g\{g(g);ﬁlzj t{ Br %\Llse‘igitﬁ%ﬁ bore as the hydrawiic ram

piston reciprocates.

1607211 Other aspects and advantages of the invention will be apparent from the

following description and the appended claims.

BRIEF DESCRIPTION OF DIRAWINGS

0322} Figure 1 illustrates a partial sectional view of a prior art ram blowout
Treventer.
oy - . NI - ] ‘ :
o823 Figure 2 is a sectional view of a ram blowout preventer bormeat assembly in

accordance with embodiments disclosed berein,

0024 Figure 3 is a detailed view of & portion of the ram blowout preventer bormet

assembly of Figure 2.

1O025] Figure 4 depicts a graph displaying eylinder pressure as a2 function of ram gan

m accordance with embodiments of the present disclosurc.

DETAILED DESCRIPTION
0626 In one aspect, embodiments disclosed herein rolate o a ram blowout preventer
inciuding instrumentation for determining a vosition of a ram within fhe blowout
preventer. In another aspect, embodiments disclosed herein relaie to methods for

determining the position, speed, or closure rate of 2 ram in & ram blowout preventer.

[HH27] Figure 1 illustrates a ram-type blowouf preventer 10, A well pioe 12, which
may be part of a drill sumg located at the top of a well being drilied or a part of &
production string of a well under oil or gas production, is shown passing through a
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 horzontal
passageways may sxtend outwardly into bonnets 17 connected to body 16. Operating
in passageways 18 are yams 20 driven by hydraulic pistons 22 in their respective
cylinder liners 23 locared in respective hydraulic eviinders 19 connecied ourwardly of
bonnets 17. The pistons 22 may reciprocate the rams 20 back and {orth in the
passageways 18 md to open and close packers or wear pads 24 in the faces of rams 20

with respect to the swrface of pipe 12. Hydraulic fluid connections {not shown)



100271Figure 1 illustrates 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 a central vertical bore 14 in die 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 f f rams_20 with respect to the surface of pjpe 12. Hydraulic fluid connections (not
shown) operat:O %ﬁar?ééﬁoﬁ’r?nv{/ﬁ?ﬁ%aevﬁrﬁgegﬁ?%é”r %[gﬁd% %I%@%nﬁ%ﬁ%%@?l%"tgfb&ﬁ%ﬁ%ﬁ’e rams 20
[9028-As illustratBe #hZBlowout preventer 10 may include a tail portion connected to piston 22. Tail
28 of the g@&)@ 22 reci rsocé@}'[gs within a cx{!jinder head 30, which may be bolted or otherwise

connected to cylinder 19° [00981ts dE&IrdbIE 5 kAbH BHto 16¢AEthe psiticn BErariteion, Hs
described above:C TSty bstaecbmplishéll by docating:cimponentsof i itag netasisctive sensor

within a hydrauligicylinderhsac englessire:tbalcennects 1o cylinger 19 shown in Figure |. Those having
ordinary skill in the art will appreciate that embodiments disclosed herein are broadly applicable to any

ram-type BOF hut evel morebhoadiytoany devieecaimployingrams: {00301 igusas-2 and, 3 illustrate

a cylinder head ang sapsarauanament acorine:(o emhadinents disglosed herein. Cylinder head
30 may be conngcted to i:xgnd? 19 via screwed, Wered,_, langed, or any fﬁﬁer connections known in
the art. Piston 22, showin i 18 Ty opeNed BostisH Hay b Confrsited to'pisten thikkeHaiing a
piston tail bore $2@xtehdingecldastpartidiby thdughpistonrtait PSaiviaghet assemblyB8amay be

concentric with andiaiached:topisiamnial 28 Viaserews, QMHQ%@%Qﬁﬁ}iﬁﬁ%ﬁ%%i%%%m y
embodiments. A&é@%@%’éﬁgé %ucq asnagag{{ing, may he placed between maple assembly 38°and piston
tail 28. 100311Magnet assemrgﬁ/ogg r%ay include two or more peunaneni magnets. In some

160307 Figures 2 and 3 illustrate a cylinder head and sensor arrangement according to
embodiments disciosed herein. Cylinder head 30 may be connected to ceyiinder 19 via
screwed, welded, flanged, or any other connections known in the art, Piston 22,
shown in its fully opened position, may be cormected to piston tail 28 having a piston
tail bore 32 extending at Jeast partially through Prston tail 28, Magnet assembly 38
may be concentric with and attached to piston tail 28 via screws 40, nop-magnetic
screws In some embodiments. A spacer 42, such as an o-ring, may be piaced between

magnet assembly 38 and piston tail 28,

0031} Magnet assembly 38 may include two or more permanent magnets. In some
embodiments, magnet assembly 38 may include three magnets; four magneis in other

embodiments; and more than four magnets in vei other embodiments.

{G032] A stationary waveguide tube 44 may be localed within cylinder head 30, and
may at least partially extend into the pision tail bore 32 of piston tail 28, Preferably,
piston tail 28 is radially spaced from the waveguide tube 44 so as not to inferfere with
the movement of pision 22 or 1o cause wear on waveguide tube 44 Similarly, magmes
assembly 38 may be radially spaced apart from waveguide tube 44, In sslected
embodiments, magnets of fhe magnet assembly 38 may be in a piane transverse to

waveguide tube 44,

00331 Additionally, 2 conducting element or wire {not shown} may be located

through the center of wavepuide tube 44, Roth fhe wire and wavaguide tabe 44 mav
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embodiments, magnet assembly $8 may include) three magnets; four magnets in le" embodiments;
and more than four magnets in yet other embodiments. 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 11 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 waveguicie, tube 44. In selected embodiments, magnets of the
magnet assembly 38 may he in a plane transverse to waveguide tube 44. 100331Additionally, a
conducting element or wire not shown) may be located through the center of waveguide tube 44. Both

the wire and wavggulis 4, e conne 19 a transducer 46, located external to cylinder
head 30, through a cﬁ%ﬁgtﬁi%bggﬁg. '?”re?é%%tﬁ%e?xj nt}ﬁ%%/aa%%l?ﬁgljﬁ&éﬂg SUitdBidYeans for
placing an interrSgaHoR SRE&t A Eurtent PGB thECHRIUEHTg Witeds 6084]ekimgs:60; lbcated
between cylinderhead 80iand tyadrauticeylindendd: may-sealiagainstdeaks.:Q:rings may also be used
to seal the commotion between communications port 48 and transducer 46. As ram 20 moves axially,
piston tail 384Hd magrét'S88 2idiE b Vs samedenbant. Sthus) hydtheliopetation of they
mannetostnetivessénserigispesed thesizpessibledo determine0n.a certinyous.hasis the position of

rant 20. commuutications port 48 and transducer 46,

36351 As ram 20 moves axially, piston fail 28 and magnet assembly 38 axially move
the same amount. Thus, by the operation of the magnetosirictive sensor disposed

therein, it is possible to determine on a continuous basis the position of ram 20,

10636} With regard to operation of the magnetostrictive sensor, magnetostriction
refers to the ability of some mietals, such as ivon or mickel or iron-nickel allovs, to
expand or contract when placed in a magnetic field, A magunetostrictive waveguide
tube 44 may have an area within an external magnet assembly 38 that is longitudinaliy
magnetized as magnetic assembly 38 is transiated longitudinally about waveguide
tube 44. Magnetic assernbly 38, as described above, includes permanent magnets that
may be located at evenly spaced positions apart from each other, in a plane trangverse
to waveguide tube 44, and radially egually spaced with respect to the surface of
waveguide tube 44, An external magnetic field is established by magnetic assembiy

38, which may longitudinally magnetize an area of waveguide mibe 44

(8037} Waveguide mbe 44 surrounds a conducting wire (not shown) located along its
axts. The conducting wire may be periodically pulsed or interrogated with an
electrical current in a manner well-known in the art, such as by wansducer 45 located
on the outside of enclosure 30. Such a curremt produces a toroidal magnetic field
around the conducting wire and waveguide tube 44, When the toroidal magnetc feld
mtersects with the magnetic field generared by the magnetic assembly 38, a helical
magnetic fisld s induced in waveguide 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 fhe pulse from ocourring.
However, at the transducer end or head, the helical wave is transformed o &
waveguide twist, which exerts a lateral swress in very thin mametostriclve lapes
connected to waveguide tube 44. A phenomenon known as the Villari effect CaUSSS

flux linkages from magnets running through sensing coils {0 be disturbed by the
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100361With regard to operation of the rnag,netostrictivc sensor, nnagnetostiction refers to the ability of
some metals, such as iron or nickel or iron-nickel alloys, to expand or contract when placed in a
magnetic field. A magnetostrictive waveguide tube 44 may have an area within an external magnet
assembly 38 that is longitudinally magnetized as magnetic assembly 38 is translated longitudinally
about waveguide tube 44. Magnetic assembly 38, as described above, includes permanent magnets
that may be located at evenly spaced positions apart from each other, in a plane transverse to
waveguidc tube 44, and radially equally spaced with respect to the surface of waveguide tube 44. An
external magnetic field is established by magnetic assembly 38, which may longitudinally magnetize
an area of WaveggQgI;QbS 44, ng\;gl\l/}\]/a%%gyide tqbg. 44 surrounds a conducting wire (not shown)
located along its axis. The conducting wire may be periodicaily Plised SrteffdgEtedwithian electrical
current in a mannrERSIERkABWH It b stichias iz trahs duceridbdooated en:theoutside of
enclosure ggﬂ%uch a rr@gt"prt?dugesﬂa tor%{gal r_na(_?n(e'tic field around the conducting wire and
Waveguidé libe 44. WHER the toroidal Maghetic fiditintérsBets withthe sraghetieifieldngerferated by
the magnetic asé&mitiy38;ahekicalrmagneticlicldisinduced éadvavegride tubedd-ta:praguce a sonic
pulse that travelsdewardiboth-ends.ef the H@M@QHi@%ﬂ%@e‘f“'ﬁe@ﬁ@b&ﬂ%ggréonOzE%Q At ;) atthe
ends of waveguide fube 44 smay grﬂegg% eckfp_ rev rbe{rlations_,mof the pulse from occurring. However, at
the transducer end or head, the helical wave s transformedts AHhsRYGae RISt which exérts a
lateral stress in VERFHIR MaiAstestictive tipescconnectedto waneguidestube 244. A phenemenon
known as the Villariseffect-eauses.duxlinkages-Fom maghets running through.sensing coils to be
disturbed by the, 8. %%gglmg{,}g%g m@vg{@&g@th > lapes 139'%I° dqye_lf_o a voltage across the coils.
Transducer 46 may also amplify this voltage Tor metering or control purioess™ askBabalis& the current
pulse travels at %&Wﬁﬁé‘%ﬁ%@ﬁ Wﬁgﬁﬂ andeiseraeolistical wave pulse travels roughly at only the
speed of §%@Q a timehg }%r\évaé %Xi§ﬁs between }h_ instant that the head-end transducer receives each
pulse compared with the timing of the SI&cHHcAl pUfds Briulitsd biMtertas-sireiseteiies. This time
interval is a fracfibreoTHE distarite tidiexiemekmagnet assenibly 88ais:fiard the-teansdudcer end of the
rube. By carefullzameasuring thetime intennl ard:wividing hy she tabes,velocity of propagation, the
absolute distance of the magnet assembly from the head end of the rube can be determined. [0039]In
the event!8f'#¥s of sighath thefeisiediosel ohinforhationsiand NOe2e10it can be determined if

the ram 1s completely closed, if the ram is hung up, to what degree the packer or wear

pad on the front of the ram Is worn, and to what degree there is backlash or wear in

the piston mechanism. From successive iterrogation pulses, it is also possible to

measure piston closing speed or veloeity and the rate of movement or aceeleration and

deceleration of the piston.

130413 As used herem a “ram gap” refers o the translational gap berween horivontally
opposed rams of the blowout preventer. In sclect embodiments, the ram gap may be
calculated and recorded by determining an absolute position of each ram. thereby
allowing a relative distance between the rams to be caleulated. o select
embodiments, the position of the rams of the blowout preventer may be determmed

* using 2 cylinder and sensor arran gement, similar (o that shown in Figures 2 and 3, or
using any other instrurnentation mechanism known in the art, Further, the refative
position of the ram may be sent to a data acguisition device that may be used to
calculate and record the ram gap of the blowout preventer. 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,



or re-homing of any reading is necessary. The reading is absolutely determined by the location of
magnetic assembly 38 with respect to transducer 46. [0040fWith the knowledge of the absolute
position of the ram, it can he determined if the ram is completely closed, if the ram is hung up, to what
degree the packer or wear pad on the front of the ram is worn, and to what degree there is backlash or
wear in the piston mechanism. From successive interrogation pulses, it is also possible to measure
piston closing speed or velocity and the rate of movement or acceleration and deceleration of the
piston. [0041As used herein a "ram gap" refers to the translational gat between horn filthily opposed
rams of the blowout preventer. In select embodiments, the ram gap may be calculated and recorded

by determipgag an abselutepasition.of sachiam. therby.allowing a relative distance between the

rams to be calcu.ilaéed.lirnl select embodiments, the position of the rams of the blowout preventer may
be detefrained uSinG & GyIRAeY Srid SEHsSP EHrANESH SPRIGRAr tothit ShowminEigures emand 3, or
using any other instrémsentation ynechianisnypknown inlthe miyFurthensthe relative positian.ef the ram
may be sent to ng:;;t@tagm;gqgndgg}igg thatmay be EA%%Q:EB, caleulate and record thf:’@;rr m gap of the

blowout: preven'%%rthlrgj %E,lg%ded ,embqpim nts, the ram gap may be quarﬁ)ﬁ%‘éﬁé}‘ﬁvg Eé(fearar]ce distance
(e.g., inches, centimeters, &tt.) Betwest the Tl PAfNs WHetheriieast it i calcanared o ther
0042]Furthermoi&; e wsédhedein *eyinterplessurereters. tofthenamowntsefbydeaulic prassure

[ i€ ¥

exerted upon pistans.eanfigured 10 close thesiams.ofaLlowout prewenter. As.such, cylinder pressure
values may be ngjgéa}%%esd at various positions (i.e., at differing ram gaps) and recorded. As such, a

blowout preventer in accordance with embodiments disclosed herein may include a pressure

transducemorany otherdevice.configrred 1o sense-the eylinder pressure, Further, a pressure sensing
device may seng asi r}gl to a d%Ia acquisition device to record cylinder pressure at sellecfjeld positions.
100431Alternatively’” a fofce fransaticet may Be sl To relsbramtrTecaie dbtuaimast fefc@iwhere ram
force is a functichsefeylindetpiessmeuRomtheupuiposeief this:digclosuteneylingespressure.-and ram
force may he usediinietchangeablyasramdorcs.mayherdefined as cylinder pressure multiplied by

the cross-section%!t%lrsea of the ram pistons. 100441Referring now to Figure 4, a graph Eeﬁé%iaymg

cylinder pressurg as a function
[0644] Referring now to Figure 4, o graph displaving cylinder pressure as a function
of ram gap in accordance with embodiments of the present disciosure is shown. The
data shown in Figure 4 was observed while shearing various shapes and sizes of
cables and mibulars with the rams of a blowout preventer. This dala may be measured
and recorded using any of the devices and methods previously desenibed. The graph
comtains data points and curves and that facilitale an understanding  of the

circumstances surrounding the closing of the rams around an object,

j6045] The curves are made up of data points observed while shearing various cable
and tubulars with rams of a blowout preventer. Curve 100 illustrates data observed
while shearing a shearing sub with new “ram blocks,” wherein 2 ram block is a
component attached io the ram configured to shear an object extending through =
blowout preventer. Similarly, curve 200 shows data observed while shearing a
shearing sub with exprienced ram biocks. Curve 300 portrays data observed while
shearing a 5.5 inch heavy wall pipe and curve 500 depicts data observed whils
shearing a 3.5 inch pipe and a cable with a blowout preventer, Finally, curve 600

shows data observed while shearing only a cable with a blowout preventer,

[0046] Additionally, the graph reflects data points that may indicate certain events

taking place while the rams of 2 blowout preventer are closing around an object. In
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of ram gap in accordance with embodiments of the present disclosure is shown. The data shown in
Figure 4 was observed while shearing various shapes and sizes of cables and tubulars with the rams
of a blowout preventer. This data may be measured and recorded using any of the devices and
methods previously described. The graph contains data points and curves and that facilitate an
understanding of the circumstances surrounding the closing of the rams around an object. 100451 The
curves are made up of data points observed while shearing various cable and tubulars with rams of a
blowout preventer. Curve 100 illustrates data observed while shearing a shearing sub with new "ram
blocks," wherein a ram block is a component attached to the ram configured to shear an object
extending throu%&igggyoﬁ prevemer Esli%igghgg, curye gooﬂshpws data observed while shearing a
shearing sub with exprienced ram blocks “Curvs 360 Fartrae Hatk cheBRE FiilE S HESHRG 5.5 inch
heavy wall pipe &ftFetieE STOHEsICES datasbliseivedomtiile stearingea 8i% itetrpipe. ahd-a«cable with a
blowout preventes finally deuryeitid0shews.datanbseryediwbile;shearing.oply.a.cable with a blowout
preventer. 1004 itianally,.the graph reflects data points that may indicate certain events taking
place while the g\%nég?#%%%o%gatc_rg?/%%}[%?lg?et%%%%g} 3%3%05}1 %b'y]‘feﬁé?f?hi IDHHESF s pants
401 indicate posRfSHE Wierdthdfiracipressiine begihe terexceed: thevoperdtor close pressure after
coming into contsietawith the wbjest-drurthaesas:shayy, data peints402-0n.the graph-may ingicate the
cylinder pressure to.shear pipes and/or cables running through the blowout preventer.
Furthermore, datgngc%?ﬂgﬁg%%?n{egyp%g i%%(%)ihce [foﬁiéat%%lcgﬁﬁ%srg?nfsn\}\? en pibes Aifdior tabds were

sheared. As useGHERi “dREaF Frecsurdistraaimotitiof cimdearpreséiiternee deticrsdoigin to shear
a pipe and/or cableiRatargoints:ddImayincicaterahesetherans:contastflexible elements, for
example, seals. Ratapeints A04dmax indicate the position. and cylinder pressure.when the rams make

contact with one another. Data points 405 may indicate ‘increasing cylinder pressureﬁ?%lr%afhe contact

of the rams and &&4fs HHEPSH BRI tha THETATHSAPE BRI closed. 10947)In one

embodimegg.aplowout preventer may include a cylinder, rains, and sensor arrangement similar to that
shown in ?:igure!; 2 an_di3. The blowout ;)’rélver?tvé(r“}\{hgﬂgl_t{g}c?éhf*eé ed’ Hycbﬁaf:ifilnbgaﬁ‘am&ozgfﬂg the
rams multiple tinT€&3%A T8 THAY iffEkide \e Ship el operimgeardaabsing théramsionces@ycle testing
is a method knowm:irbthevelt thatdmiay denisectia evalgtenthereliabilityiefcagponentsbeing tested.

While cycle testing.gRlououtpeveniar, daia ingluding.a cvlinder pressure at selected positions (i.e.,
ram gaps) may be mea.sure% and rég(%gr%:ed for eachbcyélé. Tsig%cégfa én%;“tﬁ%sﬁ‘%% 1(E:;oampl et (%o show

how components BF e bt dtit BraVEAteP {8 trd daafs elatkdhe, Wit e snaioskirng hvichanisms)
react or move duritigy th&'tyeling! Suchdatalnmeyuberusefiulin determining MR comppengnts need to
be replaced or megified \Reasens foreplaging-ie.companents,af.the. blawous preventer, may include,

but are not Iimitecg to e&ptgggi e (k;)ackl sdhtan wear. 10048}Other wellhead comporients Wlilzhin the
industry may be aéﬁfég?eﬂ_ v movement over time. WeiREEE EoMporiBhts tay iReryeaacTdr example, a
wellhead connedtérsfaisaTes vaRe ! podwedgendivereriook down dogs,stackimountedagcumulator

bottles, and any wibercemponeastssknown indhe.akdn0Re emhodiment..asenser.arangement
including a magg%g%{rii&tivg{sensorrmay e used to determine the position of at least one wellhead

component. The magnetostrfgtsi?/lés_sréjﬁs}glp n%%i}%éﬁa SEGEI T Uatd 2 CYUISitio W GEHHEE ¥ may then
record the positiBlF8fthetatTeast bie'iwelihesesormporidntl The nragnetostrictive sensor may send
inultiple s@l%%ﬁ to the

Other wellhead components within the indusiry may be affected by movement
over time. Wellhead components may include, for example, a wellhead connector,
failsafe valves, pod wedge, diverter lock down dogs, stack moumied accumulator
bottles, and any other components known in the art. o one embodiment, a sensor
arrangement including a magaetostrictive sensor may be used to determine fhe
position of at least one wellhead component. The magnetostrictive sensor may send a
signal to & data acquisition device that may then record the position of the at least one

wellhead component. The magnetostrictive sensor may send multinle signals o the
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data acquisition device over a selected time interval, thereby indicating any movement of the wellhead
component during the selected time interval N104It may also be desired to add instrumentation to
existing ram blowout preventers. To add instrumentation to an existing.ram blowout preyenter, it may
be possible to only replace or modify a portion of the ram blowout preventer, reducing the cost
necessary to upgrade existing equipment to include instrumentation. For example, it may be possible
to add instrumentation to an existing ram blowout preventer by replacing or modifying: only the
cylinder head enclosure and the piston tail. [00501The 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 tg.the hydraylic piston, or a new piston tail haying a central hore may be attached to
the hydraulic piston. Likewise, the cy inder ‘ﬁ%%c G%r%:if’gsiﬁ?témn%ﬁ :‘e%llﬁdaﬁié?flfb% frefdaeY s et

instrumentation Poe Srebtirat Eyipihéwdrerbrostire Hhving ringtrumentation port may be
connecte%@é@e ram QIEOV\ggqt QE%V%Qte?reQQdc%/'tA ma net assembly may be attached to the piston tail
having a central bore, and & magnetostficiive Sentr, & GRLTHBEY aBbva iy BEatikastHartially
disposed in the E&fFaITHore Bftelpiston taitiv008 HFoliswing:théadditiop eftherinstumestation, it

may be necessanyitoatibrate he.magnelasiancivesensonto:the fullv.apep.and Jully glosed positions
of the ram. Addifjonally, the instrumentation Eo_ris?%tgrminin a position of the ram may be operatively
connected to a digital control System. Fhe digital control ey stent miy e P pEGa8E P oriter, display,
and/or control tH&HBElfof SFireamPbasisd apaii aivelectionicosignakfron thesmagietostiictive sensor,
100521Advantageously; embotiments disclosed hereinmayprovidecasy i jostall dnstiumentation for
rain blowout preygnters that accurately measure the position, velocity, and acceleration of a ram.
Additionally, embodiments disclosed herein are non-invasive of the hydraulic cylinder cavity, which

may providesrditionatradvaniages {903 Hewither: embodiments-dissiosed:hersin may aligw for
flexibility in 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 & 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 eylinder head enclosure having
an instrumentation port may be comnected to the ram blowout preventer body., A
magnet assembly may be attached to the piston 1af) 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.

10452 ) Following the addition of the instrumentation, 1t may be necessary to calibrate
the magnetostriciive sensor 1o the fully open and fully closed positions of the ram.
Additionally, the instrumentation for determining a pogition of the ram mav be
operatively connected to a digital control system. The digital controt system may then
be used to monitor, display, and/or contro] the position of the ram based upon an

electronic signal from the magnstostricve sensor.

FROE2] Advantageously, embodiments disclosed herein may provide easy io install
instrumentation for ram blowout preventers that accurately measure the position,
velocity, and acceleration of a ram. Addittonally, embodiments disclosed herein are
non-ipvasive of the hydraulic cviinder cavity, which may provide addifional

advantages.

(60537 Further, embodiments disciosed herein mav aliow for flexsbility i the

components of ramm blowout preventers while providing for consistent construction of
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components of ram blowout preventers while providing for consistent construction of the ram blowout
preventers. For example, customers may desire ram blowout preventers that are provided with -
without instrumentation. The integrity of the rod connecting the-ram and the piston is not. compromised
by the presence of an internal bore for placing a sensor, as where the sensor is disposed in the rod,
thus not requiring strengthening or modification of rods for use with and without instrumentation.
Additionally, cylinder heads and tails providing for instrumentation may he readily interchanged with
cylinder heads and tails that do not provide for instrumentation ports. In this manner, parts may be
interchangeable, existing ram blowout preyenters may be easily modified to include instrumentation,

and customers will be allgited flexgbility.in product choices without fear of inconsistent manufacture.
100541Embodiments 1di$closed h)%rein may ?dvgrﬁa‘}g%%ﬁ’sﬁpg?%lﬁgé f%jéq}hg grorffien%t%ilé’wacﬁ]&
monitoring compBRERS 51 e BIRNBUL P eVeh tar Miffereuy detecamg and/or prevaiting Potential
problems or issuesugiuting dperationdthiereod:drat examplerembadimentsgissiosed herginmay provide
a method to sengg.backlash.in e@s&ﬁé&ﬂgs%ﬁ%@ﬂﬂ@%n%&aiE%{ﬂp!fs‘ééf%?!Ehee?@'ﬁ%@é'%%ﬁfg'SC[OSed herein

may provide a method for testing and measuring the life cycle and or maintenance intetvaiscof certain

components (e.§ T SHATE™ BEcRErS IBHKREP A &EhEseniinttdBthiriNe BllWwsuipTeveRts i Furthermore,
embodiments digeldsedfibreinimdy providera méthod taideteot weanangiafdnterferspeesisspes before
and during operatien-efithes blowousprryenter, [0R553Additonally, embediments disclosed herein may

advantageously provide rtge_thqd and gé%garat,us to record closing position over time to graphically
establish an estiftated Femaifing fite for BB er (BB HEH R B dUmEHIS BiseTb%ed herein
may provide apparatirs and methbdstomoniter thepositioniofl BOP components duting seal

development aneldgsting te determine:how.alastomeri seals.act-And.faAct 50 that elastomer designs
may be improved. Further, embodiments disclosed herein may provide methods and apparatus to

determind &g pipe istediedy alramsbioweut:preventer dtharebysaffeeting presswresaggumulator
requirements. 196581HIhRIMGE: COPRRIMRNIS disdlesednarglamay e, apRlicanle. g e movement

of pistons in an anq}ula}tr blowout plrevganter. Such embodiments may include the use of position
indicators to det8rmine TepPataHEnPIRIaFTEIs for W during operafion thereof.  For example,

cmbodiments disclosed herein may provide a method to sense backlash in & locking
mechanisim of & ram. Further, embodiments disclosed herein may provide a method
for testing and measuring the life cvele and or maintenance intervals of certain
compononts {e.g., scals, packers, locling mechanism} inciuded in the blowout
preventer. Furthermore, embodiments disclosed herein mav provide a method to
detect wear and/or interference issues before and during operation of the blowout

prevenier.

10855] Addidonally, embodiments disclosed herein may advantageously provide
method and apparatus to record closing position over time o 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 1o determine how clastomeric seals
act and react so that elastomer designs may be improved. Further, embodiments
disciosed herein may provide methods and apparaius 1o detemnine when pipe i3
sheared by a ram blowout preventer, thereby affecting pressure accumulator

requirsments.

J6056] Furthermore, embodiments disclosed herein may be applicable io the
movement of pisions in an annular biowout preventer.  Such embodiments may

include the use of position indicators to determine replacement intervals for wear
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plates and packing units for annular blowout preventers. Further still, embodiments disclosed herein
may be applicable to stack components including, but not limited to, wellhead connectors, failsale
valves, pod wedges, diverter lock down dogs, and pressure. accumulator battles. 100571 While the
invention hdescribed with 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 he
limited only by the attached claims. What is claimed is: 1. A method to monitor a cylinder pressure
exerted on rams of a blowout preventer, the method comprising: sensing a relative position of the

rams of the_b'_()vv}%a;er%gg%mgm%mg%&%@%gg%é%”sge@g%?&g'“- Signals from ét‘g i
magnetostrictive sensor to a data acquisition device; sensing a cylinder pressure SXETtEd B the rams

with a pressure SEHEIG dEURR M2y ReAdikGESigRaR i me prassira winging daviterttete.data
acquisition devicesinehd coxeeardingthesensedscylinterpressuie-asa fonction.ef the.sepsed relative
position with the,data . acquisition deyics..

[057] While the mvention has been described with respect 1o a limited number of
embodimenis, those skilled in the art, having benefit of this disclesure, will appreciais
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

ltmited only by the attached claims.
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2. The method of claim 1, comprising graphically displaying the sensed cyiinder pressure versus the
position of the rams with the data acquisition device. 3. The method of claim 1, further comprising;
reviewing data recorded by the data acquisition device; and determining that the rams are closed
when the cylinder pressure reaches a certain value. 4. The method of claim 3. wherein the closed
position cordpridids eigamdyap of about zero inches. 5. The method of claim 1, further comprising
determining a remaining life expectancy of packer elements of the rams of the blowout preventer from
the cyIinderi:)ressure recorded as a function of the relative position of the rams. 6. The method of

claim 1, further copRERG AR iheH a5 IBe51ER BERNERNthe FEIRSUS 3helarsetfrom the
cylinder presstrentecdrded=alsca itmatiosiraf the relative position of the rams. 7. The method of claim 1,

further comprising rminin intenance interval for components of the blowout preventer from
the cylinder pressu%%@b%e%%év ag fu%r%z%ﬁ o?itégereigﬁl\?e Bézi?}?on %ﬁ%%t rRREAVRY g@leacted period

of time. 8. AABIAHGE S e EEHRoRRIIE BfEoBRIWEarprevensarains ritho daemprisingzperforming a
cycle test ondheidtowelt/peeventer; sensing and recording a cylinder pressure exerted on rams of
the blowout preventer at select ositions durin cle test; and sensing and recording a ram

d the c ,
position with a maﬁ"ﬁg%%ri%ti%zr%%gnrsggr'eosﬁHF\eg %g%?filgﬁe@t? rams with a pressure sensing

device;
sending signals from the pressure sensing device o the data acquisition
device: and

recording the sensed cylinder pressure as a function of the sensed relative

position with the data acquisition device.

2. The method of claim 1, comprising graphically displaving the sensed cytinder
pressure versus the position of the rams with the data acquisition device.

3. The method of claim 1, further comprising; reviewing data recorded by the
data acquisifion device; and determining that the rams are closed when the cylinder

pressure reaches a certain value.

4. The method of claim 3, wherein the closed position comprises a ram gap of
about zero inches.

5. The method of claim 1, further comprising determining a remaining life
expectancy of packer elements of the rams of the blowout preventer from the cylinder

pressure recorded as a function of the relative position of the rams.

8. The method of claim 1. further comprising determining when a pipe located
between the rams is sheared from the cylinder pressure recorded as a funciion of the

relative position of the rams.

7. The method of claim 1, further comprising determining a maintenance inierval
for components of the blowout preventer from the cylinder pressure recorded as a

function of the relative position of the rams over a selected pericd of time.



9. The method of claim 8, further comprising comparing the recorded cylinder pressure at the selected
positions with operations data to determine if the components require servicing. 10. The method of
claim 8, further comprising comparing the recorded ram position at the selected positions with
operations data to determine of the components require servicing. RAM BOP POSITION SENSOR
ABSTRACTS.  Afmettiod to tetecminsnove nfenboiewellseadiconponetidocudessegsing a

relative position of&@gd{,\fgm@egg oluleleyl= gAY mg%mr%pg\;ggggptive sensor over a selected interval of
e

[
time. The method includes Sending a signal from agnetostrictive sensor to a data acquisition
device and record i B r&RiVE6RHS F K WeReas BomisorEnt ViR bidts Séeasition device

with respecptevhesealectestiptepsaliui-timeri iy rther, thewaethpd includes comparing the recorded

P e VeSS TR YREDI ML LRSIPURRR SRS dSHRINOG JOR 2 ie PaTIN"

the cycle {est,

8. The method of claim 8, further comprising comparing the recorded cylinder
pressure at the selected positions with operations datz to determine i the

components require servicing.
10. The method of claim 8 further comprising comparing the recorded ram

position at the selected positions with operations data to determine of the

components require servicing.
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RAM BOP POSITION SENSOR

ABETRACT

A method o determine movement of a welthead component includes sensing
a relative position of the wellhead component with a2 magnetostrictive sensor over a
selected interval of time. The method includes sending a signal from the
magnetostriclive sensor to a data acquisition device and recording the relative
position of the welthead component with the data acquisition device with respect to
the selected interval of time. Further, the method includes comparing the recorded
position of the wellhead component with operations data to determine if the ralative

position is desirable.

Fig. 2
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