RAM BOP POSITION SENSOR BACKGROUND 100011Embodiments 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. [0002]Well 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. [0003]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 wellbore. When this occurs, the well is said to have "taken a kick." The
pressure increase associated witRAYROE EQQHM %n influx of formation fluids (which
may be a liquid, a gas, or a combination thgggef). info g Wellbore. The relatively high pressure kick
tends to propagate from a point of entry in the wellbore uphole (from a high pressure region to a low
pressure r@iﬁg . If the RieRadiznsthedi 16 aeedc hatse stifRie czenttmly flaidinwelmerspsiaandlother drilling

structures may bigibi@wvnmuiefidhe Wwedkosp:Hiel vhiawaidisnh me ydiesuieinteatastraphicdestruction of
the driling equipmRal fRaliding-osxample-Jos Adling ialand.supsianlial Dhite or fesyt in the
' ) e

death of rig personnel. [0004]Because of the risk of blowouts, devices known as Slowout preventers
are installed aboA® RAPERHESH at the surface or on the sea floor in deep water drilling arrangements

to effectiv g la Wel{gole until active measures ca Ee. aken to control the l@@( Blawout preventers
may be ajt!?\?aﬁfe% so that E{c Osrr%rﬁeﬁascfgdﬁgtﬁ?"cgﬁﬁ%ﬂé ?inén cﬁ%sufa)fl@ r%tﬁ?m'_of hémsyrs1 em. There are
several types of Bighvdei pravetnerelethdonisst cattinberPer wHkivare PEYeBIGWBUt reveersd and

annular blowout pievestegs (lCkigipensphessanilyomatt piexpriRis)events associated with the

drilling activities.

{0003] 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
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 & combination thereof) into the wellbore. The
relatively high pressure kick tends to propagate from a point of entry in the wellbore
uphaole (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

injure or resull in the death of rig personnel.

[0004] Because of the risk of blowouts, devices known as blowout preventers are
mnstalled 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 secured to the body with a
hinge and bolts so that the bonnet may be rotated to the side for 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 completely seal the wellbore. [0006]The rains are

generally constructed of steel and fitted with elastomeric components on the sealing surfaces. The ram
blocks are avail&iis Fracedges e eehfign kmonsaiolingilematy deabannesibons. Ripecussts typically

have a circular auteidt iadhevmiddigdbakeonespendstanbe siametay ot thapipednitbe:holgto seal the
well when the pipe.is in the hole; hqwever, these pipe rams effectively seal only a limited range of pipe
diameters. Varia% éﬁ%ﬁé} ?%?ﬁgcgﬁé%neg?goﬁé)? (a)'cge%rnél%fgear' gn%neagp}éfﬁa ﬁfgmyg?eer&%g%rious ram
blocks may alsoP5eedheirrjes Witkihths blsher e pisviedare valfovressvairdparmiond thibptipsize the
blowout preventeicordiguraion fesath@parinta) hateseckion @maperation iRiagiessefxamples of
ram ype blowou BEeYeRIciR e HPGlosethndiPubAIS MR R ol InBui 428002 B 09

5,655,745, and 4,647,002, each of'which is’incorporated herein by reference I’ their en

[0007]Knowledg&8ithe hEn dstitpirshsraleks hamy ispbreait 15 ¥RintAiifgproperisperliion and
anticipating fututecprablipms:iof theavklbiomdhesetparppetarns;, ahwall-aray hevmaresaficatively
monitored so tha,gafe soneitians gambe mainiaioegk fHrlemare. When. A isafe.cndijon is
detected, shut down of the well can be appropriately initiated, either manually or automatically. For
example, pressiE BT BLEfUPERPSRS ducers blowout preventer cavities to may indicate or predict

unsafe comyg@ps. Theﬁeapaqn trg;g ségggjfﬁlgp%l e.presen gtgé ca%q:rgltsi nals o a%tgontrol console

employed by a well operator. The opérator may, for example, affect the well condi |on$%§z'}%gulating
the rotating speSGTORPRTEEIMAR Jhe StAbEoHIRFSFd prasdare Bivdlse dripH kit ime cifsgRitRin pumps

for the drilling fluioh futihenm eleywihe thetiosuseabh thel BGP. raips iamiesitechiy Bausefuldanihe operator
to have accuratekngwledae.Rbhals Sack SIS PRSHARCY[QPAR1ONE deyice thal has heen

employed in the past to develop a signal indicative of the relative position of component parts located
in an enclosed hETSIHGh SR HRES SR ReHoRUTE fe Fafie PIRSURME e 6TE MG cAransducer.
Such a device elmpioysrans arf more densors.thdharblsthjectioweaar dnikirdcousadies widére presence
of a harsh envireppents Mareaxek:SHCSRNSALS. AT :at Biscigchin,Painadiftag: from tha,aiitface of

whatever is bein{% trackted, Whitch caglfes_inacc acies. Also, a loss of power often causes distorted
X VRS Spar T TR crE e RBSTR K dh S BF Bl iR Vatle 7RISR to specific

readings because these géviced Gpe
turns or segmenterdfenirEan fpidvioasivarehforesier cdenteasisuch ptese dcnplesiodisly poor
high speed deviggs.iJfusiaientamelis measwreent wouldnehprdiselskimascyratelysdetermining
the position par fr ment. ore, potentiometric transducers are.not suitable for
use in high spe:J:’dg gp%%étl%rr?g@v%%hapgnézé%q;ﬁé% 6 ﬁﬁlé} o“ﬁ%%sésirinr%ﬂﬁ’ FBRitoPHG Rpplications.
100091In additisREehsariiehedt sEsisEing devices that merely measure intermediate movement have

the inher&rébﬁtﬁrtcomi%é)f#%Ln%{toﬁ?ee ‘r}'ve etcgoﬁ?tboaseline i?_the event (3_1: a power failure as well as
not providing the precision atis attendant to SSAHISUES nfRAglibmanportant 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 detected, shut down of the well can be
appropriately initiated, either mannally or automatically. For exampie, pressure and
temperature transducers blowout 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 pumps for the drilling fluid. Furthermore, when



[0010]In 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 magnet assembly
surrounds the waveguide tube and is attached to a carrier arm that is attached to the tail of the piston.
100111In 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. 100121The positioning of the magnetostrictive sensors in each of the above described
patents is less thARSBRiffabE G Bk afmsids idesirs: Pasrtskiy] Zayxbel 9oembiatdaskativeasermsty extends
into the cavity of khevdylipelef bhey, anadintananesitpie performed on the sensor unit necessarily
requires that the ram not be in operation_ The attachment of the sensor and magnets using a carrier
arm in U.9088%nt No. S32dr 996 thathet bremetipivacding the mavity Givtheraytigderibddstiveay lead to

inaccurate meastHerremi e riRRasitons.and By paekeasetbe expansegbiamBRRRHsaton.
10013]Thereforemi}tmij§sg T{sa}grg Qﬂ; g‘;e present in\f%ntion to provige% an improved apparatus for precisely

. t ‘ ) _
measuring the I0CALIOR OF POSITION Of A OF AN PLlonSh 3 BIGWSOE SrSeh EP1b6 4 L R Rdingly,

there exists a ne€tM et FMBIOVeIPSI RSSO PebRicliE Rdkisthing i Rycativncoragisitiothef a ram or
ram piston in a bfowenterEy@BteH environment. Moreover, such sensors are subjected to being lified

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 parameier of ram movement. Furthermore, potentiometric transducers are
not suitable for use in high speed applications, which renders them of little to no use

in ram monitoring applications.

[6009] In addition, incremental measuring devices thal merely measure intermediate
movement have the inherent shoricoming 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 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 paraliel 10 a
stationary magnetizable waveguide tube. A 'magnet assembly surrounds the
waveguide tube and is attached 10 a camier 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.



SUMMARY OF THE CLATMED SUBJECT MA11ER 10015.1In 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. 100161In another aspect, the
present disclosure relates to a method to test components of a blowout preventer including performing
a cycle test on the blowout preventer, sensing and recording a cylinder pressure exerted on rams of
the blowol@®léVenter athsaiestienpusitfche Hogirmotractyelectests amdastndifig abel eatwordingi a ram
position with a magaetostrist vRaneRsRAAUNRY &aneleﬁ@ts 100441 &ﬂ@ﬁzeﬁg@SB@Qu&Q%Qfesem
disclosure relates to a me t(god tCeErzmlrtle oﬁ/em ? IIhead comp nt mgludlrgg sensing a
relative position OF the we compone ggﬁ% ostrictive’ seélfaig%r ovéf:rpe’f Siectedinterval of
time, sending a SffhEPREHRH PRatACID Sedeiive Behtsrmrangate deguishiom ddVieattreboming the
relative position of the weiliend W@Gﬂhg\lﬁﬁdﬂﬁﬂﬁﬁ acquisitioRndRvice yiihresperddenthe
selected interval of time . al %%&0599 tiihe efm%rcdr%d osmo of the weIIhead comgronen with
operations data to determl

ﬁﬁgsd 1

e If the atIVéengSItlon is eswa% FOES)lglf N ANOtRET ASpact. the present
disclosure relate5*f ROPEHADE %Wﬁlﬂiﬂséﬁéﬁfé‘rpqm@éﬁ@‘a%ﬁ’dgﬁb@%mal bore through the body,

a horizont through the body intersecting the,vertical bare, a alr of rain. assemblies disposed in
the horizoméjlpggre on gglpog?e él}é S 5 %%6%900 % b SrSITthaamaR orr%%“?%r? adapea§or

es of
controlled lateral APRVEMIERE RIeHRE N ORsANE VB AP Esien W@#Peaéhi am eissebiccomprises a
hydraulic piston eaneateeaingefirst end to a ram block and at a second end to a piston tail, a
magnetostrictive waveguide tube extending into a bore of at least one piston tail, a permanent magnet
disposed UpBHthe at leAsewdmpistoiress|, enelsthe magnétosiriativecd avemuite tube poemiseising a

conducting wire tdeceiveaa1iaIRgRtRRIRMSS from: atianspuesri VSRR Ihe-RIgregation pulse
generates a helical return signal in response to a relative position of the permanent magnet with

respect to the waveguide tgbgswhereiniherpsdusesis sopligured iereggive the helical return signal

and outpu}&’?g]sltlon of the ram block corresponding to the at least one piston tail.
in one aspect, the present discioSure 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 o 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.

[0016] In another aspect, the present disclosure relates to a method to iest components
of a blowout preventer including 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.

{0017] Ir: another aspect, the present disclosure relates to a method to determine
movement 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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10019]In another aspect, the present disclosure relates to a method to determine a relative p_osition _of
a ram including reciprocally engaging a magnetostrictive waveguide tube within a bore of a plsto.n tail,
longitudinally magnetizing a portion of the waveguide tube with at least one permanent magn_e_t 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 fielql encounters the
longitudinally magnetized portion of the waveguide tube, and determining the relative position of the
ram from the return signal. 100201In another aspect, the present disclosure relates to 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_ replaceme_nt piston tail
comprising a bor@SYif&taithyssRsplate the ricksated drtresat ehéosurendroapidoe tienteplidder head
comprising an ingtritieniatienspelheaitachiphannagh ehastmblsio dhadusiondall vanddisrosing a
magnetostrictivep';gﬂﬁglrigrggghtg@({eplacement cylinder head enclosure such that_the mag_netostnctwe
sensor is configured to engage and disengage the piston tail bore as the hydraulic ram piston

reciprocat@@ 18]0211Othesaspeactspad, agvantages afdhssinventiorwill be apparept {ﬁg%me following
description and tp%%%pgndeq glaims.tl)BglEF DE%CCBLPTION OFhDﬁAWINGéS £0 22]Figure 1
ial se

, mnoclnding & bo a ve ore throu body, orizofital” bore
illustrates a partia ctional view of a prlgf art ram blowout pre\ifren er. o

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 1o a ram block and
at a second end to a piston tail, a magnetostrictive waveguide tube exiending into a
bore of 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.

10019] In another aspect, the present disclosure relates to a method to determine a
relative position of a ram including reciprocally engaging a magnetostriclive
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 pigton tail,
pulsing a conductive wire located inside the waveguide tube to generate a toroidal
magnetic field, wherein a return signal is produced when the teroidal magnetic field
encounters the longitudinally magnetized portion of the waveguide tube, and

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

0020} In another aspect, the present disclosure relates t0 a method to add
instrumentation to a ram blowout preventer including removing a cyhinder 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 1o the piston tail, and disposing a magnetostrictive

sensor from the replacement cylinder head enclosure such that the magnetostrictive

5



[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 e ram blowout
preventer bonnet assembly of Figure 2. 100251Figure 4 depicts a graph displaying cylinder pressure
as a function of ram gap in accordance with embodiments of the present disclosure. DETAILED
DESCRIPTION [0026]In 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 methods for determining the position, speed, or
closure rate of a ram in a ram blowout preventer. 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 proffiEEdi SHHFHFS Wenaregerditbregrepratinistontad kirsven hassitrgthroagh a central
vertical bore 14 ipitenbedyrd€atet the blowout preventer 10. The body 16 may include opposing
horizontal passageways 18 transverse to bore 14. The horizontal passageways may extend outwardly
into bonnet@024 tonnectélia sseers1 andpéraniagan phdsageveaiior 8vitebanm@@mrivem Byhydraulic

pistons 22 in theifigspmgtieLiginaamlinatsagadarated tnsespective 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 angglgserpackans erweaEnads dfiisihe faces of rams 20 with respect

to the surf ipe 12. Hydrauljc fluid connections (not shown
?&?2%‘3 P Flgu¥e I illustrates a partial segztional 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 embodimenis of the present disclosure.

DETAILED DESCRIPTION
[0026] In 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 methods for

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

[0027] Figure 1 illustrates a ram-type blowout preventer 16. 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 e
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
cyhnder 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)



operate in connection with opening chamber 25 and closing chamber 26 to position the rams 20.
[0028]As illustrated, ram blowout preventer 10 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 otherwise
connected to cylinder 19. [0029]Tt is desirable to know or to locate the position of rams 20, as
described above. This may be accomplished by locating components of a rnagnetostrictive sensor
within a hydraulic cylinder head enclosure that connects to cylinder 19 shown in Figure 1. Those
having ordinary skill in the art will appreciate that embodiments disclosed herein are broadly applicable
to any ram-type BOP, but even more broadly to any device employing rams. [00301Figures 2 and 3
illustrate a cylinder head and sensor arrangement according to embodiments disclosed herein.
Cylinder head 30PRF#8 DB CORPREIRY 16thyIvRIéna Sharmbseraiverr wleltiezl chembed2 G tanysother
connections knowh tadtie@rt. Piston 22, shown in its fully opened position, may be connected to piston
tail 28 having a piston tail bore 32 extending at least partially through piston tail 28. Magnet assembly
38 may bd @Hentric with dhdtertekhentdpistort talk281a $6rews 40 cvdn-magilepiersenedss in some

embodiments. A apaeetcd 2o Hitbrapaniaif ing oNay bawlacedhewesrmagnetasienhlya8 and

piston tail 28. [0 agnet ass ly 38 may include two or mqre permanent magnets. In some
embodiments, m%r%lééne%%ﬁ/%%gpe%§§?ﬁrgc?‘g”esetﬁ?é]éwr‘ﬁﬁ%ﬁ%féf&?? Atagnets in other embodiments;

and more {hamoipur MagNg Sk ANeierabasinan QAR SANasy, Waysauide lybe 44 may be
located within cyllupglserm head 30, and

ay be accomplished by locating components of a magnetostrictive sensor
within a hydraulic cylinder head enclosure that connects to cylinder 19 shown in
Figure 1. Those having ordinary skill in the art will appreciate that embodiments
disclosed herein are broadly applicable to any ram-type BOP, but even more broadly
to any device emploving rams.

[0030] Figures 2 and 3 illustrate a cylinder head and sensor arrangement according to
embodiments disclosed herein. Cylinder head 30 may be connected to cylinder 19 via
screwed, welded, flanged, or any other connections known in the art. Piston 22,
shown 1n its fully opened position, may be connected to piston tail 28 having a piston
tail bore 32 extending at least partially through piston tail 28. Magnet assembly 38
may be concentric with and attached to piston tail 28 via screws 40, non-magnetic
screws in some cmbodiments. A spacer 42, such as an o-ring, may be placed 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 threc magnets; four magnets in other

embodiments; and more than four 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 {ube 44,

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

through the center of waveguide tube 44. Both the wire and waveguide tube 44 may
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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 movgment of piston 22 or to
cause wear on waveguide rube 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 element or wire (not shown) may be
located through the center of waveguide tube 44. Both the wire and waveguide tube 44 may be
connected to a transducer 46, located external to cylinder head 30, through a communications port 48.
Transducer 46 may also include a suitable means for placing an interrogation electrical c'urren.t pulse
on the conducting wire. (0034J0-rings 50, located between cylinder hgad 30 and hydraulic _cyllnder 19,
may seal againslgf”eéRg?lFﬁﬁ‘Fﬁg@ rAd{ARIEEBE Heelrtated stsmabimettiofebdwadedOcomenemigations port

48 and transducerduiQ3blAsyam420 mMaursiaxalys pisgiontail 2R1a88 maﬁmgﬁ@s,ﬁg%{qprllyogs a>_<tiqlly
move the same aQ thén%éQ&oe?%%@ of gw mpgnet&stnctl e sensar disposed therein, itis
possible to dete?n?%néﬁ'%)ﬁ a continuous basis %E‘é“gogﬁ on of ram 20, 100361 Wit regard to operation of
the magnd@iisdtive seasahgagnetesdieitfcen cylinder head 30 and hydraulic cylinder 19, may

seal against leaks. O-rings may also be used to seal the connection between

communications port 48 and transducer 46.

[0035] As ram 20 moves axially, piston tail 28 and magnet assembly 38 axially move
the same amount. Thus, by the operation of the magnetostrictive sensor disposed

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

[0036] With regard to operation of the magnetostrictive sensor, magnetostriction
refers to the ability of some metals, such as iron or nickel or iron-nickel alloys, fo
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 waveguide 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 waveguide tube 44.

{06037] 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 well-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 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 the pulse from occurring.
However, at the transducer end or head, the helical wave is 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



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 waveguide 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 waveguide tube 44. [00371Waveguide 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'fi&lHanessvatkefown thetherast, sdcitradbeioansdudezd 6almoatethortiie outside of
enclosure 30. Sucfuseuieent producesARRPiEAl voRGRAtE firid-aiouPebiin congugting wire and
waveguide tube 44. When the toroidal magnetic field intersects with the magnetic field generated by
the magnd#@3&kemblyB8ansheficalnramgh atid fieldagein ducedanywinvegpide wheigd, taprogace a sonic

pulse that travels:tousainoihandse ofthes waneoy ide (upe.del, QUitahle, ARRETs (gt shown) at the
ends of waveguiget‘%be %4 may ﬁr%\/?% eﬁhodrev(frberagons of the pulse from occurring. However, at
the transducer end of head, the helital Wave (s PAnKIBHHEH e Wat SYT AL ISRiSPIPRTER 8%8rts a
lateral stress in V8fy‘iinerdghetsktittve nalse prohnetterd tewavéguit eléatrendts, Alphensrenon

known as the Villatbedea eauaesdiusdinkagesdrormmagnstariipng teHal, sensingoilido be
disturbed by the tggg(ﬁgég Stress waves | the taﬁﬁf and to dev%lo a v,oltarge across the coils.

Transducer 46 may also amplify this voltage for metentig or et P pbese! 1hIaitnesiise the

current pulse traféisubeiiesiRritieos pe etinghthanbistHeta ditienisat (vhy enperse arevebyrfaghly at only
the speed of soutd haddnasd vienadexisis bebaranitae. instant that the head-end transducer receives
each pulse compared with the timing of the electrical pulse produced by the head-end electronics. This
time interd®93% functidn Betheslisttiose ahsieaxtichved imaghetsagsefmbhrdMisfrone teetrangducer end

of the tube. By caraiuliymeasuring thetimpesinarahandmividinghy thaWbesyelogi.afosgpagation,

the absolute distgnge of.the magnet assem l%lfljr m.H;e head end of the tu%)e can be determined.
[0039]In the event of I%ss %P s@%ﬁ?%?earsgﬁrsn% ogs‘glo fﬁ?BFr??at |(§rr?fl5dnu(§ fﬁg e-zeroing or re-homing of

any readingdaejecessanyid g 16ading is sbsriutebraeiRrminedaydhelosalion Lhimagnetic assembly
38 with respect tg transducer 00401 Wi hhthe kno%% e of the absolute position of the ram, it can

6
be determined if eer?glrﬁsigoglo?n%?&ecl%?%ffcolsle&, e Fa 1§ USRI NB RERCTHE B5&Kker or wear
pad on the front B4t it et efrthanemowremdenide thieredsebrctiiash obavieiastimthespision

mechanism. FromsyetesshteliBia0dFHomn RUlLeSsi sl passibiRilemeasuisPiian.elaging speed

or velocity and t%e%%&%eogigﬁ%vgl%?{]gt s(%aregg %?@él%%ﬁ? gnn tlgce zc':a claec@ Exlfi%r\]fe?lftégteopgsggeri]éraﬁon and

deceleration of the piston.

[06041) As used herein a “ram gap” refers to the translational gap between horizontally
opposed rams of the blowout preventer. In sclect embodiments, the ram gap may be
calculated and recorded by determining an absoclute position of each ram, thereby
allowing a relative distance between the rams to be calculated. In select
embodiments, the position of the rams of the blowout preventer may be determined
using a cylinder and sensor arrangement, similar to that shown in Figures 2 and 3, or
using any other instrumentation mechanism known in the art. Further, the relative
position of the ram may be sent to a data acquisition 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, gic.)

between the two rams, whether measured or calculated.



100411As used herein a "ram gap" refers to the translational gap between horizontally opposed rams
of the blowout preventer. In select 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 calculated. In select embodiments, the position of the rams of the blowout preventer may be
determined using a cylinder and sensor arrangement, similar to that shown in Figures 2 and 3, or
using any other instrumentation mechanism known in the art. Further, the relative position of the ram
may be sent to a data acquisition 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.
[0042]Furlf@ftAbre, as fieaberBarEsn syliseibheresstiraiipdesr et amibunt tof Apdrudienbretsure
exerted upon pisigasaion figusee:texeiose thenrame:af schipyest praveRiere Assiich -Ciliean pressure

values may be measured afty %U&%‘,%Bﬁﬁgﬁﬂsj

s e%gwéfe&n ram gaps) and f&g&ggegg;@&%m a
blowout preventer in accordance with em iments disclosed herein may include a pressure

transducer or an{/-&tEAHEEE ESRMGRRLENHIEENEEGh & tlRker DRSSl eFUNeaR 3cfreisante sensing
device may sendrétisigmabtinaedatdiadqsisitierdeavioe ioratordeyinde tpresstreat 58legied positions.

L00431Alternatively.a [arge 1aRsgucaL Ay Bansed asenorand.ecord agtualram farce, where ram

force is a function of cylinder pressure. For the purpose of this disclosure, cyﬁnder préssure and ram
force may be usSFINERETANERAL 2 AT TREC 45 de frrad e Eyistersresstrectatiithlied by

the cross-sectiorasdres.of the ram pistons. 10044 1Refeiling now to Figure 4, a graph displaying
cylinder pressure as a function of ram gap in accordance with embodiments of the present disclosure
is shown. IB08Hata shovieiRatitlre uiiss BHESHRSE Whil BShesy g SReviowrd Jegidsamal spres of
cables and tubul&ms:syitrhthe ramsoofqiblovinutipreve riginddi pdatarsn aydpatneassyad angdisecorded

using any of the devises angmelnadsareviatal dsscibehd I piReh Aanians daiapanis and
f a INg the'c

curves and that facilitate an understanding of the circumstances surroundi osing Of the rams
around an objecf™ Y45 FHAY Arbedndre PR proaked paithe shssrsetontirsaRighpgararious
cable and tubulapsstwith 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 confid@féfto sheaR o BrEiR KiaHE thra BFPE BleripRe FlBAtE M SiFHIRAY 2dURAR200 shows
data observed whileashgarimgaacehbaxiagrshlemithiexaric o etk ramsdloaks Suve 3Q0pOrtrays data

observed while sheating,s 5.5 #gh-beayywall gipg; apgicuie.n0 glgﬁé%tss dafaohserued while

shearing a 3.5 inch pipe and a cable with a blowout preventer. Finally, curve 600 shows data observed
while shearing offy 55X RHATS BIBWBT THsre 9EAtRlowout 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.

[0045] 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
componernt attached to the ram configured to shear an object extending through a
blowout preventer. Similarly, curve 200 shows data observed while shearing a
shearing sub with exprienced ram blocks. Curve 300 portrays data observed while
shearing a 5.5 inch heavy wall pipe and curve 500 depicts data observed while
shearing a4 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.

10046] Additionally, 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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100461Additionally, 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 particular, data points 401 indicate
positions where the cylinder pressure begins to exceed the operator close pressure after coming into
contact with the object. Further, as shown, data points 402 on the graph may indicate the cylinder
pressure needed to shear pipes and/or cables running through the blowout preventer. Furthermore,
data points 402 may indicate the location of the rams when pipes and/or cables were sheared. As
used herein, "shear pressure” is the amount of cylinder pressure needed to begin to shear a pipe
and/or cable. Data points 403 may indicate where the rams contact flexible elements, for example,
seals. Data points 404 magﬁi*gdicate the position and cylinder pressure when the rams make contact

with one anothePASEdFo e Ao AP Inthtisiteimerdimin Fynindbe présdarTresrenkegbitiet of the
rams and seals, thesabshénopbyiner tHatdheesains Ate comipletaty closed w1@D4:¢ldnane rmbadiment, a
blowout preventeg Mgy, Ndkde,a:aY e Al s ARdSENeeE Atengenentsimilar o laj shown in
Figures 2 and 3. The blowout preventer may be cycle tested by opening and cfosmg the rams multiple

times. A cycle miyF OB TBHpIERRIS JarRg Brrdidsnh SR mresiie: dlerhesasmig data method
known in the art thattséi2 beaysadiicey diadtedtienreliatititysefscompopiamnris heing tasied »athile cycle

testing a blowougpreyenter data iaelyding, a,c iRderPreSaYr & ALSRISFISH RRPINRNS (L G LM 92PS)

may be measured and recorded for each cycle. This data may then be compiled to show how

components of tHe BB BB REBF YO SBRIS: PRI IR HHCHERHG BEHARSmS) react
or move during thentytlitieri Sactiaaatimay beamspihi| spateteraningpivke AlGompphietitamedd to be

replaced or modifisgifReaaona:frirgRiacing i capRanenisief thelowattreysnigr. mayinclude, but
are not limited, tooextcse4sos§ve bacglash and wear. g%gg 1!ri.?ther wellhead components within the industry

8
may be affected B Tovement BV Er s VanR St SR St TRy R ERTGS £ BRAM18"S wellhead
connector, failsafeaalthemsbyomwetgehdivesrramvete dowpldelyssietadk mounted accumulator bottles,
and any other components known in the art. In one embodiment, a sensor arrangement including a
i

magnetos sensol'nfa§ FERRERTE IR RINIAY MEFBLEcRESrariuiist sHLRIeIHARY Bihponent.
The magnetostristivesensarement samdaa toidralsteardat & aroeisitiod devite thatmaythentwecord the

position of the atiggsionriveliisad campanentd aRIPaneiesiicleAERRAMaY Send multiple
signals to the datalggquisitixgln E(}:ievice Qver a selected time interval, thereby indicating ang@r&}ovement
0 add

of the wellhead CBRMPGNERENifTing TRESMTHE F ¥R NRETAT 1 680 1 [t Yy 'STEB% K deliF

instrumentation ftexitinghatbibsionty be used to evaluate the reliability of components being
tested. While cycle testing a blowout preventer, data including a cylinder pressure at

selected positions (i.e., ram gaps) may be measured and recorded for each cycle. This
data may then be compiled to show how components of the blowout preventer (e.g.,
seals, packers, wear plate and locking mechanisms) react or move during the cycling.
Such data may be useful in determining when components need to be replaced or
modified. Reasons for replacing the components of the blowout preventer may

inchuade, but are not limited, to excessive backlash and wear.

[0048] Other wellhead components within the industry 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 mounted accurnulator
botties, and any other components known in the art. In one embodiment, & sensor
arrangement including a magnetosirictive 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 Ieast one

wellhead component. The magnetostrictive sensor may send multiple signals to the
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preventers. To add instrumentation to an existing ram blowout preventer, it may be possible to only
replace or modify a portion of the ram blowout prevenfer, 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. 100501 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. $etmargiétasepvitg evaywlaetad et o' trsapisioreiaiidisarneeer meakbene, and a
magnetostrictivecsemnsat)ias:deserhedabovasmaysdecalleast pastially disposed in the central bore of
the piston tail. 100511Following the addition of the instrumentation, it may be necessary to calibrate
the magné¥@4fietive sdhguntoalse fodlydspiesiated 4dfly iokosedepositions oftyemanemAdditienally, the

instrumentation fRE¢lgiermining & RSN ALIRR B MAKREARAT MVED.CoRREeRIE] fonmdigital control
system. The dlgltal S&gintrol S stemlmay then usegt to mp torédliﬁ)la and/or contro| the position of
the ram based UPOR A5 SleCHORE Sgnal ot tha RREETetdSfitiva ROSSH ProssiEaistidt ously,
embodiments digetodsd PRAGSTHMAY provide é&?)yfté resERIneEtiemeritstom forrantdiowolopreventers
that accurately nseaspre heamgsionosieite and aceriprationaf & ram Additopalysemapdiments
disclosed herein are nEn; |nvas ve of the h(cfl%] ulic cyllriger)glavcl@é vggéch ma%{;rovdd%addltlonal

advantages. [OOE% Eur?h difents Kereln rﬁréy allow for %fem |ﬁy in the ¢ components
of rain blowout ertters whlle prowdlng for con5|stent construction of the ram blowout preventers.
For exam stomer eS|re blowqut preventers that are rovided with or without

mstrumen?é?o?rjl The mfl}gret 1Ydﬁ385r$ne%tfﬁm "elzrf?amﬁalr’f(ﬁtﬂ%1 ; |Sf8?‘?|§?16?r38‘rﬁ Tom}ged by the

presence of an |m@?}&dm§?@m¥dﬁlé@ﬁﬁg"a Wd@ hitvere ﬂq@t@éﬂ?@m @xmsﬂqumrmm, thus not

requiring Strengtf@nmearzmﬂ@fi@a}iamef}ﬁ@aﬁ for wsewiihandaithaut instumeniatiom.fdditionally,
cylinder heads aqg égélg Ry e{} g for i nstrumentaL lon may 8e rea}d@(3 erghan ed with ¢ Ibnder heads
e forl

e
and tails that do not I‘OVId strumeﬁtatlon ports. In this m: n}ﬁer parts Fﬁia 7De inter hangeable

existing ram blomfﬁ%%ﬁt@@ﬁﬁylbg@m Wb et lHWUh%ﬁt@t%?ﬁ%ﬁ%’Momers will
be allotted flexibiitynenprachietichgicasmiihbetieacatdnconsisignt tansifagidi@nter hody. 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 instramentation, 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 digita! control systemn may then
be used to monitor, dispiay, 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 thai accurately measure the position,
velocity, and acceleration of a ram. Additionally, embodiments disclosed hercin 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
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100541Embodiments disclosed herein may advantageously 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 a 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 andior 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 estith&teateiaiving Nrevieibbicg ofiponlentSusomBre resnbértinseras: didetostd herein

may provide apppratisdanehsnetspasiadnoniiosthepasitionehBRRBsompensrisdusngsad
development an%gﬁg%éoﬂgeet%rrggg tlﬂgwigtlastomqric seals act aD@d react so tha%elast%m(ae{ designs

. 0 15 compromiséd € DIESence o miem
may be improve rther, embodiments Hisclosed herei may provide Methods anadnapparatus to

determine when Pij5e i& SHsHed 1R Tath BISHroUe sratrsritedi sprsrdiy Baetndysressteemulator
requirements. [0@b6jetidhieEnerenedifiedicac piSdiscCihsessbesein andy bamapplicablientedinmovement

of pistons in an RaALBINNALRIEY RBIRE mcRMBAdImENtSMAk-REUAR e Use! RosHlon

indicators to determine replacément intervals for wear platés and packlan units for annular blowout

preventers. FurtHBFstrneith ddineviadss erdsaene reits () Be AphREABIE (S siRekEBmpsvents
including, but noplmiteth thjsvelineadpeon nectdrs jfaitskiegvablesspathwesl oy vdive fertatisdown

dogs, and pressygg AGCUIRALRAIIES NG AJIVRUR G YERTRNAR BERIAGREREM: i) respect to

a limited number of embodiments, those skilled in the art, having benefit of this disclosure, will

appreciate that o&?éfbé%g’q“?ﬁ?gﬁfé 9}%(’5%‘?ﬂ‘ék’f?élé&%ﬁfcﬁ‘%’ﬂﬁt?ﬂtéﬁﬁﬂt‘f?ﬁﬁﬁrﬂwe scope of the invention
as disclosegygiein- Acerplinghee f5aBs8" fkvERyoRsRRRIL Reimiied:anly. Ryl alfached

claims.
testing and monitoring components of the blowout preventer, thereby detecting and/or

preventing potential problems or isswes during operation thereof. For example,
embodiments disclosed herein may provide a method to sense backlash in a 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., scals, 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 monilor the position of BOP
components during seal development and testing to determine how elastomeric seals
act and react so that clastomer designs may be improved. Further, embodiments
disclosed herein may provide methods and apparatus to determine when pipe is
sheared by a ram blowout preventer, thereby affecting pressure accurnulator

requirernents.

[0056] Furthermore, embodiments disclosed herein may be applicable to the
movement of pistons in an annular blowout preventer. Such embodiments may

include the use of position indicators to determine replacement intervals for wear
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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 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. 2. The
method of claim 1, comprising graphically displaying the sensed cylinder 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 pressureldisired pagsnainnisller. :andihetiestheorot waiers3, Euttbeeistithesulbsditposition

comprises a ramdgiioetahadinzeLy BERSSicable to stack components including, but not limited to,
wellhead connectors, failsafe valves, pod wedges, diverter lock down dogs, and

pressure accumulator bottles.

[0057] While the invention has been described 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 be

limited only by the attached claims.
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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. 6. The method of claim 1, further comprising determining when a pipe
located between the rams is sheared from the cylinder pressure recorded as a function of the relative
position of theHmRsclaimél&method of claim 1, further comprising determining a maintenance interval
for components of the blowout preventer from the cylinder pressure recorded as a function of the
relative position of the rams over a selected period of time. 8. A method to test components of a
blowout preventer, Aheateakoth conepitisirayoyéiniemingsawgclexartedrothediewaius pbénseoier;

sensing andyaGeRHNG R HERIRT RYppRkif,exerted on rams of the blowout preventer at selected
positions during the cycle test; and s_e_nsinc% and recording a ram position with a magnetostrictive

sensor during the SRIEMEsE &aHE REFHAT of'cithn BMSrRE D RIMGHY BEWARRJMHE Fecorded
cylinder pressageetbthicibalesrshpasitiding wighalp dratioihe dasgietdetinmedihsbe teoangeiaents require
servicing. 19%[@& Hb%é’-f claim 8, further comprising comparing the recorded ram position at the

selected positions with operations data to determine of the components require servicing.
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.

2. The method of claim 1, comprising graphically displaying the sensed cylinder
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 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.

6. The method of claim 1, further comprising determining when a pipe located
between the rams is sheared from the cylinder pressure recorded as a function of the
relative position of the rams.

7. The method of claim 1, further comprising determining a maintenance interval

for components of the blowout preventer from the cylinder pressure recorded as a
function of the relative position of the rams over a selected period of time.
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8. 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.

9. The method of claim 8, further comprising comparing the recorded cylinder
pressure at the selected positions with operations data to determine if the
componenis require servicing.

10. The method of claim 8, further comprising comparing the recorded ram

position at the selected positions with operations data o determine of the
components require servicing.
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