WO 2012/ 003146PCT/ US2011/ 041894 BLOWMUT PREVENTER MONI TORI NG SYSTEM AND
METHOD OF USI NG SAME BACKGROUND OF THE I NVENTION 1. Field of the Invention
Thi s preswotoixmenti on rel ates generally to techni ques POT/Usesiiosrspng
wel | site operations. Mire specifically, the present invention relates to
techni ques for nonitoring the operation of bl owout preventers (BOPs), for

exanpl e,

I nvol ving determning a ram bl ock |ocation. 2. Description of
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downhol e tools, such as drilling tools, are deployed into the ground to
reach subsurface reservoirs. Once the downhole tools forma wellbore to
reach a desired reservoir, casings nay be cenented into place within the

wel | bor e,

and t he wel | boBA@OGRO&IND QRO THRIINVAHNIIONduct i on of fluids from

the reservoir. Tubing or pipes are typically positioned in the wellbore to
enabl 9.t he pagsage 18¥ensidhsurface fluids to the surface.

This present invention relates generally to techniques for performing wellsite operations.

More specifically, the present invention relates to techniques for monitoring the operation of

blowout preventers (BOPs), for example, involving determining a ram block location.

Description of Related Art

Oilfield operations are typically performed to locate and gather valuable downhole fluids.

Oil rigs are positioned at wellsites and downhole tools, such as drilling tools, are deployed into

the ground to reach subsurface reservoirs. Once the downhole tools form a wellbore to reach a

desired reservoir, casings may be cemented into place within the wellbore, and the wellbore

completed to initiate production of fluids from the reservoir. Tubing or pipes are typically

positioned in the wellbore to enable the passage of subsurface fluids to the surface.

Leakage of subsurface fluids may pose a significant environmental threat if released from

the wellbore. Equipment, such as blow out preventers (BOPs), are often positioned about the

wellbore to form a seal about pipes therein to prevent leakage of fluid as it is brought to the

surface. In some cases, the BOPs employ rams and/or ram blocks that seal the wellbore. Some

examples of ram BOPs and/or ram blocks are provided in U.S. Patent/Application Nos. 4647002,

6173770, 5025708, 7051989, 5575452, 6374925, 2008/0265188, 5735502, 5897094, 7234530

and 2009/0056132. The location of the ram and/or ram block of a BOP may be measured by

visually looking at a tail shaft of the ram blocks.



Leakage of subsurface fluids may pose a significant environnmental threat if
rel eased fromthe well bore. Equi pnent, such as bl ow out preventers (BOPs),
are of t erwpasiziodrsed about the well bore to forma seal &bDOIS2@iLH€e94 her ei n
to prevent |eakage of fluid as it is brought to the surface. In sone cases,
the BOPs enpl oy rams and/or ram bl ocks that seal the wellbore. Some
exanpl es of ram BOPs and/or ram bl ocks are provided in U S

Patent/ Applj cation Nos = 4647002, 6173770, 5025708 7051980, 5575452,
6374925, 2 E%%ns%%%ﬁgﬁpr%%@%ﬁgﬁi SO AP 2089170056132 The

| ocation of the ram and/ or ram bl ock of %ﬁ%ibe measured by visually
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Ram position sensors may be provided as described, for exanple, in US

Pat ent/ Appli cation No. 2008/ 0197306, 4922423, 5320325, 5407172, and
7274989.  Despitgybe ﬁﬁf@omm@t@éwmﬁwwmg&%ﬁ HUL TR OsKS i CBOPBaiAnd/ or
ram bl ocks, there remains a need to provide advanced techni ques for

nmoni t @rtead tdﬂ@ﬁvidp@dmﬂcoahtecfﬁtfiquepsrfesmnnitOm\@BOP@peliasomi Teepresent envieatién isl i ng
these needs in the art. SUVWARY OF THE | NVENTI ON In at | east one

aspectdirettoe td ANEiNhp tiese atalkestherta bl owout preventer for sealing a tubul ar
of a wellbore. The wel | bore penetrates a subterranean formation. The

bl owout preventer has a housing having a bore therethrough for receiving
the tubul ar, at |east one $@EMMARYaOFTHIOBNVENA&DNe in the housing (each of
the rans having a ram bl ock for sealing engagenent about the tubular), an

actuat or fqf asRh&GhE Y§e¥t, q{el My dMdioh I?&atreﬁfﬂ @tla%ugﬁreee@&tw@&earm@%Hﬁgar%f
pi ston slidably positionable in a cylinder) a monitor for detecting
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of the cylinder ica I'S operatively cou d e piston
or, diepl g, .85 1 ol be Bl on, o5l e Blakon LEAYRlR, Y the
positionable in the housing (each of the rams having a ram block for sealing engagement about
the tubular), an actuator for selectively driving the ram block (the actuator having a piston
slidably positionable in a cylinder), and a monitor for detecting the piston therein. The monitor
includes a visual indicator on an exterior of the cylinder. The visual indicator is operatively
coupled to the piston for displaying a position of the piston as the piston travels within the
cylinder whereby a position of the ram may be determined.
The visual indicator may have a cable operatively connected to the piston. The cable
may be operatively connectable to a dial via a pulley and rotatable thereby as the piston moves
within the cylinder. The visual indicator may also have at least one gear for operatively coupling
the pulley to the dial. The visual indicator may have a magnetic coupler for coupling the dial to
the pulley. The visual indicator may have a housing integral with the cylinder.
The visual indicator may also have a plurality of flags positioned on a flag rod. The
plurality of flags may be selectively raisable as the piston passes adjacent thereto. The visual

indicator may have a magnet slidably positionable on a guide in response to a magnet on the
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The visual indicator may have a cabl e operatively connected to the piston.
The cable may be operatively connectable to a dial via a pulley and

r ot at abl ewoherxogi4as t he pi ston noves within the cyli nd@CI/USh@& 104l

i ndi cator may al so have at | east one gear for operatively coupling the
pulley to the dial. The visual indicator may have a magnetic coupler for
coupling the dial to the pulley. The visual indicator may have a housing
integral with the. cylinder. . The visual .indicator nmay al so have.a
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selectively raisable as the piston_ passes adjacent theretq. The visual
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a magnet on the WO 2012/003146PCT/ US2011/ 041894 pi ston passi ng adj acent

t her etadjacditeharetoudhe ivisdalciadioatonmamy havea traispares pease mithcasegnatit mdacapdrur al i ty
of nmetal filings novably positionable therein in response to a magnet on

t he pinsévaBlyRRsiiongbladhca&ie M rdsh@iset®a mhBfet\onShiépiston Gia St Oddj Rt hareo. aThe
transparent case with a magnetic indicator novably positionable therein in
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prevent er y al so have a visual indicator sensor for detecting the visual

i ndi cat or. The bl owout prevyenter . al.s ay n electrical
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may have a magnet sljdably positionable on ide.in response to a mgnet
on t héhepplétpangfﬁagkepmaldaﬂla@@hwrlalév%% Bl,ag%%éﬁ%%%'y poNtionghle quA guigs fect sensor
for detecting a position of the magnet on the guide. The el ectrical

i ndi caesponseety apragaat omihg pisterepassivi sdapes thesete andad fngst asieriipl LE it segps posed
about the cylinder. The electrical indicator nay have a top end ultrasonic
sensorfoadetactingp peritionbf tHeenapnkt srdee gaitld. d'hbetdcoivakbindicaior raydrian is@rsos at a
bottom end of the cylinder for detecting the piston when adjacent thereto.
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el ectrical indicator may be a | aser sensor.” The el ectrical indicator
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sonar senso emtting sonar waves an e waves repoun

sensor PoTHE SNRET SAndRar ety PRET e BhPEdRTbe HoF eIl ng t he
flow of fluid through a chanber of the cylinder as the piston passes
t her ejlpdicator may have an ultrasonic limit sensor. The €lectrical indicator may be a laser sensor.
The electrical indicator may have a capacitive displacement sensor. The electrical indicator may
be a sonar sensor for emitting sonar waves and sensing the waves rebounded by the piston. The
electrical indicator may have at least one proximity sensor. The electrical indicator may have a
flow sensor for detecting the flow of fluid through a chamber of the cylinder as the piston passes
therein.
In yet another aspect, the invention relates to a system for sealing a tubular of a wellbore.
The system has a blowout preventer and an inspector for inspecting visual indicator.
The blowout preventer has a housing having a bore therethrough for receiving the

tubular, at least one ram slidably positionable in the housing (each of the rams having a ram

block for sealing engagement about the tubular), an actuator for selectively driving the ram block



In yet another aspect, the invention relates to a systemfor sealing a
tubul ar of a well bore. The system has a bl owout preventer and an i nspector
for i nspewOi2atp/opBrial i ndi cat or. The bl owout preveoTars201a89489H0usi ng
havi ng a bore therethrough for receiving the tubular, at |east one ram
slidably positionable in the housing (each of the rans having a ram bl ock
for sealing engagenent about the tubular), an actuator for selectively

drivi the ram hl ock. WD 2012/ 003146PCT/ US2011/ 041894 (t he. actuat or, havi ng
o bt st SR BABFYNEOSIY LR ROATATER FHUBHIca I B gPt OHCHEdATs | ng
the piston therein. The nonitor includes a visual indicator on an exterior
of t hdisen theeeat . Thyaoyitesiagludasdi daabindicatas gapatcxizaioy otba syibricr o ThaEisplst on
for displaying a position of the piston as the piston travels within the
cyl i naedicatbieis epgrabv@p sotplahtoche plsonrfamilisglyyibe agesi@omiohthd.piston as thF pestdsl owout
preventer has a housing having a bore therethrough for receiving the
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rans having a ram

The blowout preventer has a housing having a bore therethrough for receiving the
tubular, at least one ram slidably positionable in the housing (each of the rams having a ram
block for sealing engagement about the tubular), an actuator for selectively driving the ram block
(the actuator having a piston slidably positionable in a cylinder), and a monitor for detecting the
piston therein. The monitor includes a visual indicator on an exterior of the cylinder. The visual
indicator is operatively coupled to the piston for displaying a position of the piston as the piston
travels within the cylinder whereby a position of the ram may be determined.

The inspector may be a human or a remote operated vehicle (ROV). The system may
also have a surface unit for receiving data from the monitor, an electrical indicator for detecting a
position of the piston, a receiver for communicating signals with the electrical indicator, and/or
at least one sensor for detecting wellsite parameters.

In yet another aspect, the invention relates to a method of monitoring a blowout
preventer. The method involves positioning the blowout preventer about a tubular, activating at
least one of the visual indicators of the monitor as the piston passes adjacent thereto, and
inspecting the visual indicators. The blowout preventer has a housing having a bore
therethrough for receiving the tubular, at least one ram slidably positionable in the housing

(cach of the rams having a ram block for sealing engagement about the tubular), an
actuator for selectively driving the ram block (the actuator having a piston slidably positionable

in a cylinder), and a monitor for detecting the piston therein. The monitor includes a visual



bl ock for sealing engagenent about the tubular), an actuator for

sel ectively driving the ram bl ock (the actuator having a piston slidably
posi ti onaDeoizoal46yl i nder), and a nonitor for detecti n@CTRES2@iI1H%1304
therein. The nonitor includes a visual indicator on an exterior of the
cylinder. The visual indicator is operatively coupled to the piston for

di splaying a position of the piston as the piston travels within the
cyl i nder. whereby a on . of t ram be dete
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| east one of the visual indicators of the nonitor as the piston passes
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an actuator for selecti Iy drivin th anrblock the actu ing a
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the piston therein. The nonitor |ncludes a visual WO

2012/ oo 1sPhT/tusRar] al loast goeiram slidably positionable in the housing (each of the at least

one rams having a ram block for sealing engagement about the tubular), an actuator for
selectively driving the ram block (the actuator comprising a piston slidably positionable in a
cylinder), and a monitor for detecting the piston. The monitor has a housing with a cable therein.
The cable is operatively connectable to the piston and movable therewith for activating a visual
indicator on an exterior of the housing whereby a position of the ram may be displayed.

The monitor also may also have a sensor operatively connected for detecting movement
of the cable and/or a communication link for passing data from the sensor to a surface unit. The
visual indicator may have a dial rotationally movable by the cable. The monitor may also have a
magnetic coupler inside of the housing for coupling the cable to the dial. The monitor also has at
least one gear for operatively coupling the cable to the dial. The monitor may also have at least

one pulley. The housing may be integral with the cylinder.

BRIEF DESCRIPTION DRAWINGS
So that the above recited features and advantages of the present invention can be

understood in detail, a more particular description of the invention, briefly summarized above,



i ndi cator on an exterior of the cylinder. The visual indicator is
operatively coupled to the piston for displaying a position of the piston
as the piwobani2faodamel s within the cylinder whereby a posPCTars2@fl/o4tse4 r am may
be determ ned. The method may al so invol ve sensing a position of the piston
with an electrical indicator, manually view ng the visual indicators,
sensing the visual indicator for activation, and/or passing data fromthe
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| east one pulley. The housing may be integral with the cylinder. BRIEF
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advant ages o he present |nvg on can be understoo% in detail, a nore
particul ar description of the invention, briefly summarized above, WO
2012/ 00314 6W6T¢ BSROLL A Setitdddic nely vioey bitlic BOR ef dgerdehavong dre cemizodi ment s
thereof that are illustrated in the appended drawings. It is to be noted,
homevgmmabhgjmkth@pg@@ﬂﬁmmg@ gmgs illustrate only typical enbodi nents of
this invention and are, thererore, not to be considered Iimting of its
scope, for the invention may admt to other equally effective enbodi nents.
The Fi gur edigires WdtiNhdosssshempic ¢grgssstegtiendd N (vaiiousf eatiofsed a posidpeedr t ai n
views of the Figures nay be shown exaggerated in scale or in schematic in
t he | nhecwstor afid & hemitbyin@sdtanoopdrstevedssonnected thereto.

Figures SA-5D show schematic cross-sectional views of additional versions of an

actuator and a monitoring system operatively connected thereto.

Figure 6 depicts a method of monitoring a BOP.

DETAILED DESCRIPTION OF THE INVENTION



Figure 1 shows a schematic view of an offshore wellsite having a bl owout
preventer (BOP) for sealing a tubular. Figure 2 shows a schenmatic

per spect iwe 20i2000316 t he BOP of Figure 1. Fi gur e 3PE€mans01a/ogshenat i c
side view of the BOP of Figure 2 having one or nore actuator(s) and a BOP
moni toring system Fi gures 4A-4N show schematic cross-sectional views

of various versions of a portion of an actuator and a nonitoring system
operativel y connected thereto. . Fi gures 5A-5D show,schemati.c
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nonitoring systemoperatively connected thereto. Figure 6 depicts a nethod
of noARYIFETQRYSUEPS iRt FmbpEDtoolRY R srf| P Eset HE eV @ty matter. However,

it is understood that the described embodiments may be practiced without these specific details.

The invention is directed at techniques for providing more effective monitoring and/or
measuring of the operation of the blowout preventer (BOP). The BOP may be provided with a
monitor to detect, for example, a position (or location) of a ram of the BOP. These techniques
may be used to provide monitoring, such as visual or electrical monitoring, of the BOP from the
surface, such as while the BOP is in use on the seabed. Such monitoring techniques involve one
or more of the following, among others: determination of BOP function, determination of ram
position, determination of sealed position, constant monitoring of the ram position within the

BOP, adaptability to wellsite equipment (e.g., various pipes diameters).

Figure 1 depicts an offshore wellsite 100 having a seal assembly 102 configured to seal a
wellbore 105 extending into in a seabed 107. As shown, the seal assembly 102 is positioned in a
blowout preventer (BOP) 108 that is part of a subsea system 106 positioned on the seabed 107.
The subsea system 106 may also comprise a pipe (or tubular) 104 extending from the wellbore
105, a wellhead 110 about the wellbore 105, a conduit 112 extending from the wellbore 105 and
other subsea devices, such as a stripper and a conveyance delivery system (not shown). The
BOP 108 may have a BOP monitoring system 103 for monitoring the operation of the BOP 108.
While the wellsite 100 is depicted as a subsea operation, it will be appreciated that the wellsite
100 may be land or water based, and the seal assembly 102 may be used in any wellsite

environment.



WO 2012/ 003146PCT/ US2011/ 041894 The description that follows includes
exenpl ary apparatus, nethods, techniques, and instruction sequences that
enbody t exbreotpme3i4ef t he present inventive subject natt@CT/USoeWers94it s
understood that the described enbodi nents nay be practiced w thout these
specific details. The invention is directed at techniques for
providing nore effective nonitoring and/ or neasuring of the operation of

t he bl owout, preventer ( . The B .be provided wt noni t or t
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techni ques may be used to provide nonitoring, such as visual or electrical
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t he seabed. Such nonitoring techniques involve one or nore of the
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vari ous pipes dianeters). Figure 1 depicts an offshore wellsite 100
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preventer (B 108 that,is part of a.,subsea. .system 106 sitiogned gn the
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extending fromthe well bore 105, a well head 110 about the wellbore 105, a
conduis¥s4™M® ext endi ng fromthe wel | bore 105 and ot her subsea devices, such
as a stripper and a conveyance delivery system (not shown). The BOP 108 may
have a BOP _monitoring system 103 far itoring the gperatjon of the BOP
108, Whi | e THRPCGF PaFe %deﬁlsasaf‘é%l?qw a2 zad moaipr s BSPemapiteine HeteR 19 be
appreciated that the wellsite 100 nmay be | and or water based, and the seal
assemghg/o1 @ghatedevises aswgiated amth thel wellsite Ky itheo awrdase. copmoller 126 and/or the
2012/ 003146PCT/ US2011/ 041894 A surface system 120 nay be used to

faci | istlsdce copesladri l@8smagt be piaced irs banmuniehtiwi therchdth. Theswtuct zostrelikstiem 120
may include a rig 122, a platform 124 (or vessel) and a surface controller
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surface controller 126 is shown as part of the surface system 120 at a
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and/ orCOMEInLCa 1g9, éxgeé'lﬁ%_such as hydraulic lines, pneumatic lines, wiring, fiber optics, telemetry,
acoustics, wireless communication, any combination thereof, and the like. The seal assembly
102, the BOP monitoring system 103, the BOP 108, and/or other devices at the wellsite 100 may

be automatically, manually and/or selectively operated via the surface and subsea controllers 126

and/or 128, respectively.

A remove operated vehicle (ROV) 121 may optionally be provided to travel below the
surface and inspect the BOP monitoring system 103. The ROV 121 may be provided with a
camera 135 to display images of the BOP monitoring system 103 and/or electrical
communicators (e.g., communication link 134) for coupling to the BOP monitoring system 103.

The ROV 121 may be in communication with the surface unit 126 via a communication link 134.



To operate one or nore seal assenblies 102 and nonitor the BOP nonitoring
system 103 and/or other devices associated with the wellsite 100, the
surface csoeddrsc126 and/ or the subsea control |l er 128pg@yUsSk@iphmseed in
conmmuni cation therewith. The surface controller 126, the subsea controller
128, and/or any devices at the wellsite 100 may conmuni cate via one or nore
communi cation |links 134. The communication |inks 134 may be any suitable

comuni cati on nmeans, such as hydraulic lines, pneymatic |jn W ring,
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thereof, and the |like. The seal assenbly 102, the BOP nonitoring system
103, thEemdP3108, and/ or other devices at the wellsite 100 nay be
automatically, manually and/or selectively operated via the surface and
subsea controllers 126 and/or 128, respectively. A renove oper ated
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and i nspect the BOP nonitoring system 103. The ROV 121 may be provided with
a camdiigurd 35 The BOBpl0&ys ischegssicalty dépectBORs awnbeidrshagpdsdeyicerhad g abatt dor

el ectrical comunicators (e.g., conmunication link 134) for coupling to the
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surface unit 126 via a conmuni cation link 134. WO
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of shapes, and be provided with other devices, such as sensors (not shown).
An exanqirgorated &y BErehbat may be used is described in US Patent No. 5735502,
the entire contents of which is hereby incorporated by reference. The
seal assenbly 102 conprises one or nore rans 202 for sealing the BOP 108.
The rans 202erseyl d3ecralrly 190icoatpriscdend aemberrags 02 rfgr sdading nheBOGr 168 Tie BOP
108 and/or severing the pipe 104, for exanple rans, ram bl ocks, and/or
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the rans 202 may nove al ong the channel 222 toward the pipe 104. The seal
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flui such as we ore urds an sea water, from passing throu t he
BOP 108., Furt her h | ass |y 102 severe t I pe if t seal
nscenttynd it ASemehofyd 1 pRGaE mby WS e B S Enite22 EEnd s ploedte
view of the BOP 108 of Figure 2 havjng an actuator 300 coupled to each of
the radms sselasssply a2 meppeadbe piy Wi YYBR‘F‘i téarBé%P t18&n'39@81/ PEceRHRe %@rzﬂ

bet ween an un-actuated position wherein the ranms 202 are not engaged with
t he pispeh a0wclbaie dhvidscandatresda patirt from faasing Hooweh heBQRINE8 3 Fuher dienseehe

rans 202 are engaged with the pipe 104. In the un-actuated position, the
pi pe heknithy 1 0Dmay kéveddidb piprel BOPtht 8alasdmbiy 002ha/ sheartigtbladest he

Figure 3 shows a schematic side view of the BOP 108 of Figure 2 having an actuator 300
coupled to ecach of the rams 202. The actuator 300 may be configured to move the rams 202
between an un-actuated position wherein the rams 202 are not engaged with the pipe 104 and an
actuated position (as shown in Figure 3) wherein the rams 202 are engaged with the pipe 104. In

the un-actuated position, the pipe 104 may move through the BOP 108 and into and/or out of the



WO 2012/ 003146PCT/ US2011/ 041894 wel | bore 105 (see, e.g., Figure 1). In the
actuated position the pipe 104 and/or the central bore 220 of the BOP 108
may be sewsbDedi2losus pi pe 104 by the ranms 202. The PATIUS2010/04BOD as
shown, is a hydraulic actuator configured to nove a piston 304 within a
cylinder 306 using hydraulic fluid supplied to the actuator 300. The
cylinder 306 has a side 307, a head 309 and a rear 311. The piston 304 is

slidably.novahl e within the cylinder 306 by, fqr exa e, . hydr aul
o eoo iR BB Gobledmishion huPe fhua st attiat B rios 0k N Bk S5 dope g
308 (or ramshaft) that is confi%ured to nove the ranms 202 as piston 304

noves .22fjof HeRAP t A& maytbgaeded goot pped Rd i thesragsiiPddr aul i ¢ pi st on and

cylinder, the actuator 300 nay be any suitable actuator for noving the rans
202 between the actuated and the un-actuated positions, As t he piston
304 roves viherciatere3Qyps srn.3e e, hydaulBopctuyar contigigeds yos mave 120 Bistagy 304
nonitor the |ocation of the piston 304. Wth the |ocation of the piston 304
det er mithen a cyheder d6atusiog hyfirauhe fluahsippHR (i thhiactuatoe 3EOPTHO8ylmelpr B@d has a
determ ned. The data collected by the BOP nonitoring system 103 nmay be sent

vi a t ReleOMMUAERIE3090dhdl d 1RkS3 T3 4THOpiktbe 394§ dilablgntowblswrhiaand &yalnder 60
126/ 128 in order to, for exanple, determ ne how the BOP 108 is operating.

The B I N : F SAH e r 1 Ri Ng
(he | oa oo ot 8y PSR Y PR YA Sk Bl B

e B 108 o AT GBI TINg RY BEABAOR %052 ARl

det er m hi ng "ot aneters of I't's conpon nd/ or

associ ated downhole conditions, .. . Figures.4A- 4N depict 0Ss-secti ona
vi ews aaiuﬁtemf)@rw O¥hasz hdelic SR mamﬂrf@nv@w& tared 0 B tor any
moni tori ng system 103a- m usabl e as the actuator 300 and BOP nonitoring
syst esptt@de aftugtpiyior sogingabe s etwernttho pctuied and thgunesstuatadepopitionpn 304
is slidably novable within the cylinder 306. The nonitoring systenms 103a-m

are each positionable about the WD 2012/003146PCT/ US2011/041894
As the piston 304 moves within the cylinder 306, the BOP monitoring system 103 may

monitor the location of the piston 304. With the location of the piston 304 determined, the
location of the rams 202 within the BOP 108 may be determined. The data collected by the BOP
monitoring system 103 may be sent via the communication links 134 to the surface and subsea
controller(s) 126/128 in order to, for example, determine how the BOP 108 is operating. The
BOP monitoring system 103 may be any suitable system for determining the location of the
pistons 304, the rods 308 and/or the rams 202 within the BOP 108. Preferably, the monitoring
system 103 is also capable of determining other downhole parameters of the BOP 108, its

components and/or associated downhole conditions.

Figures 4A-4N depict cross-sectional views of a portion of the actuator 300a-m having
various versions of a monitoring system 103a-m usable as the actuator 300 and BOP monitoring
system 103 of Figure 3. As shown in each of these figures, the piston 304 is slidably movable

within the cylinder 306. The monitoring systems 103a-m are each positionable about the
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cylinder 306 and have devices for detecting a position of the piston 304
therein. Each piston 304 is operatively connectable to a ram 202 (see

Fi gures 2awendi)3and, therefore, a position of the ransPROASCENGHAIBO4
conponents thereof) may al so be determ ned. A visual indicator sensor S may
optionally be positioned about the nonitoring systens for detecting
activation, position, or other paraneters of the wellsite and/or

conmponent s, ch,as the.nonitori syst.em 103a- m Fi gure, 4A depicts
o notalnd 3866a Bt Ricgu (it f Ao CORPERE P 34 teirheeh Twon S04
resi stance sensor 400. The inductive resistance sensor 400 may have one or
nore dOPPYAUGDY coriteciiplepioss timd0t heeedigwred af Pradsthgecfanyadpsitipe ofyhe nder
306. A current may be supplied to the coils 402 and a resistance in the

coi | s r40226Z(ander rempoanats tharcoNgnihesopedatimonedf Athaiahotdiratars¢sor SO0y,

The piston 304 travels within the cylinder 306 between the cylinder head

309 anrgtibRelydd podfiRhed ebdut Belmohitdrit ML IS: detéring @stiedtidACKositibn, BEoet | S
402 changes as a function of the location of the piston 304. The coils 402

may | [bq{aﬂéﬂé%%fbhe%%@a ort A3 A0SR 4 tﬂ’i@%?cﬁ&toﬁﬁ%ﬁz%% 1b8ys, | ndicating
that the piston 304 is adjacent to a certain coil 402. The changes in
resi stance may be used to determine the |ocation of the piston 304 and the

rod 308. ThyS e URCIdpGahh 0u@br BHG WANR BOR @Sosn Whttd 10BYYE &n FdufBYe al so
be determ ned. The inductance of the coils may be feasured and received by

t he .121 an ok h urface unit 126 (FEigire 1) to provid n trical
A R T T R S A g IR b i el Ry
be provided t ass signals fr t coils 402 to a receiver positioned
about W igupi <y guge ol A sidgiAp 7 PE@}W&I& ot e A SUTERGRAY BF SUIESE e n,
may al so optionally be coupled to the nonitoring system 103a to provide a
vi sualcoilpd0d aanidon resistpecsi tn die apibn 46 thayabp oncdsyredhéurimgnthicoppaigfiony of élrg
103a. WD 2012/ 003146PCT/ US2011/ 041894 Fi gure 4B depicts an actuator
300b \actuhtoa(sB&#anoni t ori ng system 103b as a magnetic flag sensor 410. The
magnetic flag sensor 410 may have one or nore nmagnetic flags 412 | ocated on
the outside of a side 307 of the cylinder 306. Each of the nagnetic flags
412 may be Reqisten 304 ttavelsoyithindke c@Glcod0ahcaxdcs thd 4ylitktr hahd 308 andhehe
magnetic flag 412 to rotate thereabout in response to a piston nmagnet 416

passi rglihdierely311kTahe BRPNESY, CThd Agisthhde MBheRBilNBINChinges 8¢ a amtioa oragnet
t hereon. Each nmagnetic flag 412 nay be at a downward position

gr avi yatkigRalel e Pﬁ%@%;@rg@%ﬂ@@m@rﬁafﬂldmaﬂﬁg @gaﬁgp% $6S Q{sﬂﬁ{ %Wﬁasses

The piston magne € any nmgnet secure , or proximate the piston
304. the pistan 304 travels within the cylinder, 306 . n the cylinder
Cear TerttipaRis rAorini obd WERh LM HaErd i NSt Syl L FeE Hagne
flags 412 proximate the piston 304. The rai sed nmagnet flags 412 y be used
to préHH¥Is H% %Psqdﬂeﬁ@aﬁtqnaw éﬁé}?%@on@éél%q Bistog 3V %f%3%4ﬁ% thére
rod 308. Thus, the |ocation of the rams 202 (as shown in Figure 3) may al so
be i ndeetived! thitrems @02 das Somayindligue B¢ moyyer st hovddtgrminedp| B mduameef thor e
flags to provide an electrical and/or visual indication of the activation
of a gbilemallt@gncabbhedsmidsocciedniey thead@Vt I @idgnrahe twrfacarnin@tuR 6o@igwaéntes f or
comuni cating a position of the piston 304. Figure 4C depicts an

act uatypsyidORE ek tibalanHERi S the IdcRGorS ¥Sthe ?lsl&ﬁ%%d&h@ kD09, RBESIfay
sensor 418. The sliding magnetic sensor 418 may have one or nore sliding

magnet . i I . i Lt i de
Sou ot pfEMSFRILETbBIenfl e bR d REALE hMohIP Bl BBl 108 H,9F
the quide rqd 422 inh a, nmanner. t allows . the slidi magnet 420 t )
o BT el aSraR Pt Bt rd i g B, B R R BE b Rering ot on
rmgnetsysd‘ftelr?l' 103a to provide a visual indication of position upon activation by the monitoring system

103a.
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WO 2012/ 003146PCT/ US2011/ 041894 As the piston 304 travels within the
cylinder 306 between the cylinder rear 311 and the cylinder head 309, the
pi st on 30%OowntAnoaleagnet 416 t hereon transl ates the sli @#ChgSa®goetsI«20
proxi mate the piston 304. The location of the sliding magnet 420 may

provi de a visual indicator of the piston 304. Limt swtches or other

devi ces, such as sensor S, may al so be used to detect and/or communi cate

the positiqn of the sliding ma 420 a th uide ro 22. The sliding
rmgnat 420 THEEAPTFIIEY tbaCuRRa 000 datter RURSmPRETCaSIh B1Y fhe THESEdn 309
and the rod 308. Thus, the |ocation of the rans 202 (as shown in Figure 3)
may alfg spesogdi @ r Mqyeggnetic flag sppsgifé0 apy hays ersorgporscrageids flagot 2daekted BoP
nonitoring system 103d as an ultrasonic sensor 424. The ultrasonic sensor
424 ey thavesidnef asided0g aflthe @dmderc3(tndirchk o thik26agmetatleds 4 Domag bt kecuoert si de
of side 307 of the cylinder 306. Each of the ultrasonic inducers 426
produce thd tylagieni306 Wavas akig @ 1uhakt alevsdiheaai@dtit Mag AR fonfolité Aheredboline
cylinder 306 and then detected by a receiver 429. As shown, the receiver
429 i it ' b I ' ves 428
e P ik R St Sl s

e pi st
ultra,sonic. in t he i n_304 travels wi,thin t .1 neler 306

ers 426.. As ) he ¢

et wodt 4 ezt Eon @ia R (PeRl 2t e S Yoo frufllio S
changes in the ultrasoni c waves 428 may be used to determine the | ocation
of théNpiraiot BenistRdnigist ¢ bupasens hereR)s, the |ocation of the rams 202 (as
shown in Figure 3) may al so be determ ned. The ultrasonic waves detected by
t he receiv%; 429 may be qgsse to the ROV 121 and/or the gyrface Hnit 126
(Figure 1) thg RHHeR PHENS AP ARIYCRR FBnmesnet ReUFSigr Ploprodmas e tigpp A0%04 and
the ram 202. The sensor S may al so be operatively coupled to one or nore

ul t r agempstann¥ifcepely pdhinpthgraylinder H6 edtweer theatyliader wer ¥i sand thaeiloder on
of the activation of a given ultrasonic inducer. The sensor S nay pass the

si gnalhetd 302r tho yssta mMagnetnd 1, rasdes hhamapea eflapsrd 1228 pxihaite denpiston i NHha
position of the piston 304. WO 2012/ 003146PCT/ US2011/ 041894
raised magnet flags 412 may be used to provide a visual indication of the location of the piston
304 and the rod 308. Thus, the location of the rams 202 (as shown in Figure 3) may also be
indicated. The sensor S may also be operatively coupled to one or more flags to provide an

electrical and/or visual indication of the activation of a given flag. The sensor S may pass the

signal to various components for communicating a position of the piston 304.

Figure 4C depicts an actuator 300c with a BOP monitoring system 103c as a sliding
magnetic sensor 418. The sliding magnetic sensor 418 may have one or more sliding magnets
420 secured to a guide rod 422 located on the outside of the side 307 of the cylinder 306. Each
of the sliding magnets 420 may be secured to the guide rod 422 in a manner that allows the
sliding magnet 420 to translate along the guide rod 422 in response to the movement of the

piston magnet 416.
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A visual indicator, such as those provided herein, may al so optionally be
coupled to the nonitoring system 103d to provide a visual indication of

posi ti on Wpan12aw®si4¢at i on by the nonitoring system 103d. PCT/US201Fiogspe 4E
depicts an actuator 300e and a BOP nonitoring system 103e as an ultrasonic
limt sensor 430. The ultrasonic |imt sensor 430 may have two ultra sonic
i nducers 426, 427 each located proximate a travel limt of the piston 304
wi thin cylinder 306. exanpl e, .one.of t ul trasoni c.i pducers.426 may be
ocat o pr 60 TEEShAOL Yo R LGRS H oo B ooy i s SCE TS S i or
427 may be | ocated adjacent the side 307 of the cylinder 306. The second

ul t r asghnderihsad 889, thopisim 3Gdewith gemagret A thrscqnodiskadesphe xliding angenet 420y el
limt adjacent cylinder head 309 of the piston 304. Each of the

ul t r apooiimaiertielpstan 26, ThedFcapioo afi de dildenguhagras 620 mayppvesded? 8isudlandiaater
directed into an interior of the cylinder 306 and then detected by a

recei WEkhAFiSon Goangemitiskvifches oH dthasdeRices, wamess ¢baforymdynaliebé asddhs derkeat i on
of the piston 304 proximate to the ultra sonic inducer 426, 427. As the

pi st onn3R chhAYElcicWhd Rodkid6r BY SidiAE ma3RG 2BtaGRNnE BRide ¥bd B8ET ThEIdink 1
and thg cyfénderchgad goéf tﬁ% defec?eé%cﬁangég In tge ultrasonic mayéé 428
i ndi cate he.piston 304, reaches the travel limts i ither t

un- actuarer Dol T et ST AGPERnL 08 BRB ot bF ol dorb Jof i sk iog
changes in the ultrasonic ves 428 may be used to determ ne a position of
t he piﬁ%ﬁh@s B o e S sheryrsin {anic R aY ol DS TCIHB s 202 (as
shown in Figure 3) may al so be determ ned. The ultrasonic waves detected by
the receiver 429 .be passed he 121 and/or the surface unit . 126
(Figure 1) %{I%Jrﬁr“&/n&‘é’éﬁ%lp ?ﬁ&%&%&%% % GRS YS e} h@ SR raEPAiG n g
the ram 202. The sensor S may al so be operatively coupled to one or nore

ul t r asertot 42hdUderdtrapeic seasort4pmay haee ere of BOTT hiémborag drdyectyid@dpcated

i ndi cation of the activation of a given ultrasonic inducer. WO

2012/ o3 hdAGRCINkIS2 01 £/d6 80894 the cylinddihid0os dfrsbrof Shaelyragassindhesrs # 2 atodtice
vari ous conponents, such as receiver 429, for conmunicating a position of

the piyshBnidQfavefdYs fladhrel dicRatilh, anSHeRoRSt thBR§EndR OUh dRd tHRarRitddtedBYa al so
optionally be coupled to the nonitoring system 103e to provide a visual

| ndi C%dfg%r 9bo PRS KA th'eol%@ei@&ugg]ﬁﬁ gﬁ%ﬁ%%gﬁ#ﬂler%btlggi ng system 103e.

Fi gure depicts an dctuator 3 monitoring system 103f as a
| aser sensor 432. The | aser sensor 432 nay have one or nore | aser inducers

54 et STIRGR I HIRERS ah Omesiy 0% gyt e
434 rmp¥oxq}n% ectto o%elo%sn?gre% (%het WY Qicailr‘}dl? o 11% eAgl 8e 191%t0¥1@%4ct¥allviefgdvgilihi§ Ql?e’
cylinder 306 between the cylinder rear 311 and the cylinder head 309, the detected changes in
the ultrasonic waves 428 may be used to determine the location of the piston 304 and the rod
308. Thus, the location of the rams 202 (as shown in Figure 3) may also be determined. The
ultrasonic waves detected by the receiver 429 may be passed to the ROV 121 and/or the surface
unit 126 (Figure 1) to provide an indication of the location of the piston 304 and the ram 202.
The sensor S may also be operatively coupled to one or more ultrasonic inducers 426 to provide
an electrical and/or visual indication of the activation of a given ultrasonic inducer. The sensor S

may pass the signal to various components, such as receiver 429, for communicating a position

of the piston 304.
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The | aser 436 may engage a portion of the piston 304. The | aser 436 may
have conventional range finding capabilities that may be used to determ ne
t he di st amwoeolzéoden t he cylinder rear 311 and the pi st ®aTAB3401a894180& pi st on
travels within the cylinder 306. The piston 304 |ocation as determ ned by
the | aser sensor 432 may be used to determ ne the |ocation of the piston
304 and the rod 308. Thus, the |ocation of the rans 202 (as shown in Figure
3) may al so, be determ ned., The | ocati det.ect ed t he | aser sepsor 432
b pasdbaniY HEHRDDE TN SO ETRale B CDHON B eI ¢
provi de an indication of the |ocation of the piston 304 and the ram 202.
The sénaBioriag nyyterl d83dbhdo gpayide jay sisyalc Bidinadian taf Pereiano PR FGY s ihel 03f
to provide an electrical and/or visual indication of the position detected
by t hendra®eng4@6emThad.sensor S may pass the signal to various conponents
for conmunicating a position of the piston 304. A visual indicator, such as
t hose provided herein, nay also optionally be coupled to the nonitoring
syst em 103fFigwe gEoddpches an witsatat 30Gedinclar BOP wbnipasig systeru pdie @can wiahsamnc by
the nmonitoring system 103f. WD 2012/ 003146PCT/ US2011/ 041894 Fi gure 4G
depi clignidBerd6it Y30 0ThSQQehsamd [AniBCENsEDABE afaly Qv Y&wb &ifral Ssidc asluderk 4262427
magneti c sensor 440. The linear magnetic sensor 440 may have a sensor

mMagnele, Ao £RY BIRGNAR al Rl LHniHehe HiS@h 383 lvithNBy IHRIZE 966, "PANSLmBA2 oABYF
couple to a |1 near sensor 444 that is placed into the cylinder 306 through
an apertu 438 .in the | inder . rear, 311. The |inear sensgr 4 nma ef ect
moverdiit URsGS, bk oA i VG 14880 O oh Wi S80S O eRE

pi ston 304 may  hav cavity 446 for al|ow n he. pi ston, 304 t ass the

i nean!EEATSANGURT 42T A 0% a@gﬁ@aemt 41? N ozantaBy Cliadcr 306, THREeg

pi ston 304 travels within the cylinder 306 between the cylinder rear 311
and t hétraspnicnigducaied godhe side 30hewy befevetcdapgxdeste che travid lipdardienenof

t he piston magnet 416. The piston nagnet 416 | ocation nay be used to

det er nyheddr head 29adfitbepwfontddd. pi st on 304 and the rod 308. Thus, the

| ocation of the rans 202 (as shown in Figure 3) may al so be determ ned. The
| ocation detected by the |linear sensor 444 may be passed to the ROV 121
and/ or t he Eaah fodctbe unirgsobR6indfcaysid@6,1121 praduovitble vdmsbmdi watdso428ofhat hee

| ocation of the piston 304 and the ram 202. The sensor S may al so be

oper atdiréeted 106 URlieriboftthe cymiet 906 med Sy derttddg atrecdvavide @angdsaatiid cal
and/ or visual indication of the position detected by the |linear sensor 444,

The S%W't%a%?i\? WR¥s PA8 SndN RGN/l lBgﬂu\éﬁrd' QHe presHP 6% E%o%gi&% t& QH%THR}a.C%‘%iéd‘g a

position of the piston 304. A visu I ndi cator, such as those provi

herein, ,ma s@~0pti gnal.l oupl ed  to t he ni i system.103g to
rovi a3, 37 PA Biiagtn 3B SEUPS ROHE gl SRR AR bR sk ng
system 103g. . . Figure 4H depicts an actuator 300h and a BOP. nonitorin
s3y/st ol 1031 thesclinday hober F0 thesdelistid chanacstindheailiraseers agres ds gicaiegw ’
have one or nore sliding magnets 420 secured to the guide rod 422 | ocated
on t héhopiston 384 afacheeths el 0Titsomn aither thy lunradeirted @Ositibaeh thefactiatedgicsdiong
magnets 420 may be secured to the guide rod 422 in a nanner that allows the
sl i di Ntheradigieethe 41260 00 cROg25 DOBEAMRASONIS2ZOEI AP iR betuged toadesdratie: apaditgori he
guide rod 422 in response to the novenent of a piston nagnet 416 on piston

304. A% tiAstBh S0P B rbd 3VE! $hod IH3I1cakiBE of McirBEELOBRR sREWMEERiguRes)midy nder
rear 311 and the cylinder hear 309, the piston magnet 416 translates the

sl i di ng "RIR&L RS PTRE LitRksEnit NEavd %%fé@teggo%f the receiver 429 may be passed to the

ROV 121 and/or the surface unit 126 (Figure 1) to provide an indication of the location of the
piston 304 and the ram 202. The sensor S may also be operatively coupled to one or more
ultrasonic inducers 426, 427 to provide an electrical and/or visual indication of the activation of a

given ultrasonic inducer.
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Proximty sensors 421 may be positioned on either side of sliding nagnet
420 to detect the position of the sliding magnet. The magnet 420 nay be

det ect ed W9 2012008146 Xi Mty sensors 421 as the nagnet apprPoadlsesiiohspeby

i ndi cating the position of the piston 304. Therefore, the Hall Effect
sensor 448 may provide a specific electrical and/or visual indication of
the piston 304 and the rod 308 position or |ocation. Thus, the |ocation of
the rans 2 (as shown in Fi ure@%ﬂ may al so be determ ned. The | gcation
det ected by "ChE"FHIP B 8L @érﬁé 49973y 5eMBARSIEy Sigh taﬁéfe‘??@(?rl%’ A/ or
the surface unit 126 (Figure 1) to provide an indication of the |ocation of
t he picgmwnmnaﬁw%ﬁ@nrogﬁhezn@ fonTHY. s yéel mdipatpratush apshasp @ratidsgdehgyein,
coupled to the nonitoring system 103h to provide an el ectrical and/or

vi sualméyndsc apticonallpbetcheplpd $o theamowetrmgtsgstetnyl G3eeo Iprovede a yensbimd#ddon Fhe
sensor S may pass the signal to various conponents for communicating a

posi t ipakitioh uphieadtibliorEh§ aetm&REsiAL sfdén 103e.  Figure 41 depicts an actuator
300i and a BOP nonitoring system 103i as a novi ng magneti c sensor 450. The
novi ng magneti c sensor 450 may have one or nore magnetic indicators (or
filings) 432glroaat®gicn dhhdludot 3E0TIPATEBOPGAGEtofHDE syStb@ 1038as paiRNkcBase
454 may be, for exanple, a tube |ocated on the outside of the side 307 of

the cyhbngGE 1a306sen&R2 Hayl 116 c BRIBLIbR: QYGRS $134 PocalRYprEGnSROME 864 ¥F thi n
the transparent case 454 proxinmate the cylinder 306 In a manner that allows

the TaR0kSol DCA o RAnt sty AIBLEL Sk g LSRR Thas 305 74 17

response novenen on nmagne
2012/ 003146PCT/ US2Q11/ 041894 shown in Fi e 41, the netic
i ndi cg@@i&%@dp%eré‘ %mﬁy jegta @Fer#ésﬁ@%h %%Rﬁ“h‘@%f% ¢ eylindep, qgragneti c

i ndi cator 452 may be any suitable indicator such as one or nore nagnetic

ball (s) (as.shown in Figure 4J). The transparent se_ 454 ma ave an

oul tabl e £ o PO 4 GG Sagion o Rapeios0hs5Tic Hrayar M gewe
transparent case 454 nmay be transparent to allow for visual inspection of
t he | seardngandfrangelindipg cenapilitieiteadmary spsedde detsamingghe distanca bpiveenthy 52
travels within the transparent case 454. The magnetic indicator 452 nay be
used teglipdanveatdld and theglistomd04 at thopistdn trdhvels wittah itlencybid¢ti® 6pi e pmst&0304and
the rod 308. As the piston 304 travels within the cylinder 306 between the
cyl i ndgdatibeak Rlkmated ByheheCbdrndador 1BaMNBPYe WBed it UoRrmMENRE 1thio®df Phet ON
304 transl ates the magnetic indicator 452 through the transparent case 454

to a @‘?s‘f&{ O alkf %irHEBGS.t'{\ﬁxgpﬁh%tl&é&ﬁgQ%f Fﬁ'éh%nﬁ%ﬂ%é ﬁloiw‘hdiinﬁﬁéﬁ% 3‘3‘%3' AGAL i on

may be used to determ ne ocation of the piston 304 and”the rod 308.

Thus, .the. | ocati f the r 02 s _shown i.n,Figure 3 al

dot or AerBiErERG: ln 2seaS BB I8 e Wish ro Dy 75 LT mdhe R HE RO B2k ng
system 103i, to provide a? electrical .and/or visual jindication of the

posi t i28f o8 dicerigge BYit 1 Be (Figytsebite nrowife ar sidicpgion of the lospfiqgy ofghpRistoma ¢ he
signal to various conmponents for comunicating a position of the piston
304. and the mingl{2e Th sdegor Streayadisabe oparatrveR0gjuplddith the BORtarmg systeinnkf3§ yost em
103j as anot her noving magnetic sensor 453. The nonitoring system 103j] is
si m | grotide bhelsvnival and/og visyisit awickO3n of eke ppditibhdttctiod Hyr thoSlpset el3b. Cllse 454
as shown in Figure 4J may be a transparent race (or tube) for receiving the

nmagnetskgsol BAh&Rh&AS tHOAgRddo 3uHOW Bnpdneht® o @MerhatiBatlddel fosition HEthBRHHAGT | C
sensor
304. A visual indicator, such as those provided herein, may also optionally be coupled to the

monitoring system 103f to provide a visual indication of position upon activation by the

monitoring system 103f.
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453 may be, for exanple, a ball that rolls through the transparent race as
the piston noves within the cylinder 306. WD 2012/ 003146PCT/ US2011/ 041894
As the piwoan12803146r avel s within the cylinder 306 betwe@aTiuseolgpkiseader head
309 and the rear 311 of the BOP 108, the piston magnet 416 transl ates the
magneti c indicator 453 proximate the piston 304. The nagnetic indicator 453
| ocation within the transparent tube may be used to provide a visual
indication of the location of th i stqn and.the rod 30 Thus, .t he

| ocat on_ of EHE ThiETBn AGUEABRACE H B ST S te B A The
magneti c indicator 453 |ocation nmay be used to determ ne the | ocation of

t he pinaeapticgasertt: Neherlbganmagnetigiggnsor Ad0 Mey deve A seisot magnedid2 zoupledio
shown in Figure 3) may al so be determ ned. The sensor S nay al so be

oper atthoeylindeormat 8dll.t dhe hensopmagoeti44g maystapld @33 linear pemor dd4 dimt e plated cal
and/or visual indication of the position detected by the magnetic indicator
453. The tBeB$ded 308 Yhidag!s ah ABerBirg 3R ih Ahd/ BYlinAds réa@ BPONETHeSlifedF sensor 444
comuni cating a position of the piston 304. Fi gures 4K-4N depi ct

var i Q‘fﬁaa/?d%'&fc't BRI b AT aPlisthn Hugﬁ&mmm&%y&@% thoes, Ad %%,Sm%@aﬁé\ﬂ sepi ct

| ongi t udi nal cross-sectional views of an actuator 300k, 1,1, and Figure 4N
depicts an _end vie ereof . Figure, 4 icts, ap actuato 0 nd a.BOP
ront ¢ ST e S U i RE A0S i B P e FE R G ERF B S VRl f BB
456 may have a gear drive housing 458 coupled to the cylinder rear 311. The
gear dhg iReahsnstiit4458 nay have a cable (or flexible nenber) 460 that is

pl aced into the cylinder 306 through an aperture 438 therein. The cable 460
may couple to the pi n 304 and travel . therewith as the piston 304 travels
wi thi n the “tyihf Aern i%rawqwﬁﬁgyﬁi&égﬁm@@é%ﬁrwn& grcyindr e q‘tlié‘n@é]éer s
462 as the cable 460 noves with the piston 304. As the piston 304
noves o Hedar thead 3R aticuatced spwer tdrcteotstthe lepatiomtod dhp oistan wagnat Hd6cabhe 460
may be pulled by the piston 304. The cabl e 460 novenent may rotate one or
nor e @éasrs magizet 1406 db@dominidyi be dshe t@deternine viee looat&inngf tAS Bistdddd4odndtthe rgkar s
462 may couple to and/or rotate a first portion of a magnetic coupler 464

| ocat edg WiTthuk Nthe NEcadBRIbf @id Mensh2siafghdveBin P‘?u?@éﬁﬁ@?%ﬂsﬁ@i%%’t&ﬁﬁ&hll Prel 894

The first portion of the magnetic coupler 464 may magnetically couple to a

second, DALk 'dgt@%tgg b& hG FRQPSLsEr g%h? be %Qs@eél RERE RO CULS A& 0P el D SER it

drive housi n
126 (Figure 1) to provide an indication of the location of the piston 304 and the ram 202. The

sensor S may also be operatively coupled to the monitoring system 103g to provide an electrical
and/or visual indication of the position detected by the linear sensor 444. The sensor S may pass
the signal to various components for communicating a position of the piston 304. A visual
indicator, such as those provided herein, may also optionally be coupled to the monitoring
system 103g to provide a visual indication of position upon activation by the monitoring system

103g.

Figure 4H depicts an actuator 300h and a BOP monitoring system 103h as a Hall Effect
sensor 448. The Hall Effect sensor 448 may have one or more sliding magnets 420 secured to
the guide rod 422 located on the outside of the side 307 of the cylinder 306. Each of the sliding

magnets 420 may be secured to the guide rod 422 in a manner that allows the sliding magnet 420
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The rotation of the second portion of the magnetic coupler 466 may be
measured and used to determne the |l ocation of the piston 304 as it travels
wi t hin t woceylzmses 306. An indicator arrow 467 nay be peTiuscanedison t he
magneti c coupler 466 and rotated therewith. The position of the indicator
arrow 467 may be used as an electrical and/or visual indicator to indicate
the position of the piston 304. As shown in Figure 4N, the indicator arrow
may rotate to osition along the second portion of the.nmagnetic upl er
206, | hdene Gy oRaiiosnets fehior I PPN R AbomoxPReN) oY Py Boerdl S0t o a
position of the piston in cylinder 306. The gears 462 may be spring
wound Pifiobpfer Ap therristen SP4 tigecls spthén heeylindas 30pdcpresndhe gdinder tgep k! fiibm
the actuated position to the un-actuated position. The piston 304 |ocation
as vi shakylndentearai(Sd they pistoa maglict 41 6rtraaslnew ko lidpy nbenets€) poxdedtertin ne
the location of the piston 304 and rod 308. Thus, the l|ocation of the rans
202 (qsstehdowy in Figure 3) nay al so be determ ned. Figure 4L depicts
an actuator 3001 with a BOP nonitoring system 1031 as a pulley drive. In
the system 1031 as shown in Figure 4L, the cable 460 waps around a first
pul | ey 469 PeastimatySeaid 4pUhlagybedfBitisintdon cither Hdd beMidimt fiapaet458.t0 Hotest as
the piston 304 noves within the cylinder 306, the pulley 468 is rotated.
The puhd 8YiA&BoMY HAHR! Badlt.t e flabalt £U hhPBe %teuaa_@ﬁeguﬁmﬁ9tgeﬁs% 464
| ocated W thin the pul ey housing 4§8. The first portion of the fhagnetic
coupl 4 neticall oupl.e t. he. secon rtion, of the tic
coupl P aeed Bal IPlor RO Miealife WY h B BN TREBEIR o
of the second porti of the magnetic. coup|er, 466 be neasyred and used
Lo detdhiie! sHior ARumpyArafic %&)e&iﬁgtebwwha%%r s Fsiraggmondens e §%| s
within the cylinder W) 2012/ 003146PCT/ US2011/041894 306 in a sinilar
mannerandsha todt30§apositiopen l9astior dhns thglocasonoisthe dasr 20bed shpwh in Exgyeed) t o
Figure 4J, the indicator arrow 467 nay be used to provide an electri cal
and/ omayi dsmabe dedinsiatd.offhotochtien petsttod bP ke Halh Estect dvasdrobi@t manbopadsbd ta ans
202 (as shown in Figure 3) may al so be determ ned.

the ROV 121 and/or the surface unit 126 (Figure 1) to provide an indication of the location of the

piston 304 and the ram 202. The sensor S may also be operatively coupled to the monitoring
system 103h to provide an electrical and/or visual indication of the position detected by the
linear sensor 444. The sensor S may pass the signal to various components for communicating a

position of the Hall Effect sensor 448.

Figure 41 depicts an actuator 3001 and a BOP monitoring system 1031 as a moving
magnetic sensor 450. The moving magnetic sensor 450 may have one or more magnetic
indicators (or filings) 452 located within a transparent case 454. The transparent case 454 may
be, for example, a tube located on the outside of the side 307 of the cylinder 306. Each of the
magnetic indicators 452 may be secured within the transparent case 454 proximate the cylinder
306 in a manner that allows the magnetic indicator 452 to translate within the transparent case

454 in response to the movement of the piston magnet 416.
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Fi gure 4M depicts an actuator 300mw th a BOP nonitoring system 1031' as a
pul l ey drive. The actuator 300mis simlar to the actuator 3001, except

t hat the Wol2beyooB#asi ng 458 and contents are rotated 90PdEgiSe&s/o4ea4 t he
pul I ey housing 458 is integral with the cylinder 306. As indicated by
Figure 4M the visual indicators (or nonitors) herein nmay be positioned at
various | ocations about the cylinder 306 to facilitate view ng thereof As

al so indicated by Figure t he vi.sual. i ndicators r nitors) may be
Do t i oned Ay THIRUR e dieamosictn RHEMEy 1 At PAORIY OF TSPt BB m as
shown by Figures 4K and 4L). The rotation of the second portion of

t he nadfifeaves Beuprenctiaasdisaipr HO2nmay Uice dma nHitade dndigatele sefhnh One HE MeEAL i on
of the piston 304 and the rod 308 as it travels within the cylinder 306 in
a si mnohapnenabalks) (asshovatindesweithed for Figure 4K As al so described with
respect to Figure 4J, the indicator arrow 467 may be used to provide a
visual indication of the piston 304. Thus, the |ocation of the rans 202 (as
shown i n Filderteng)arerdyasl 659 they etcempisngable form for Thewimg venmagnaic iadicgor 467
may be detected by a sensor S. The sensor S nay al so be operatively coupl ed
to t helspeaitosl MheSysbitnt @dke 494 BaP b iafeaddht @ W iferalisial insp&dtidh of the

i ndi cation of the position of the arrow 467. The sensor S nay pass the
S'Qnaho&ﬁoH@H'Hﬂﬁnﬁ,Hﬁﬁﬁﬁﬂﬁén&pﬂsﬁoﬁﬁwﬂ!%%@h&ﬂ:%mﬁ&ﬁ&?ﬂ@@t%%@kh%mmhﬁEﬁﬁ
304. Figures 5A-5D depict alternate schematic, cross-sectional views
of an uat or. 30 havi na..varj.ous rsio f,a ni,f orin stem 103mp
usapl PR Cad R CPSHLIR A TR BT RS Pl ot VR RS 8h
depi ctj ng the operation thereof 012/ 003146PCT/ US2011/ 041894 .

shown F0san Qe Ristan g dlc m\&/ﬁé)?gpi A &R $& Epyeliapityin %%}néiem@is n
the cylinder 306. In these figures, for sinplicity, the rod 308 is not
shown betprrsnribaicy brdon gearydltlegns! tho iviipdesrhead 20R, pasiten srahtted l9boupistane304
cylinder 306 and have devices for detecting a position of the piston 304

t her eitransikas thephsdnetic 8Mcat@ 460 elratigly theytrabepanac tcadal 45 4tto agosiaion pAXirhste ehe
Figures 2 and 3) and, therefore, a position of the rams 202 (and/or

COMPORRNAS 30hemaeinaghByc Aldsatdrelsdab&iidhned: bd Bs@aeiciminess 16qufbh VFitng
systens 103mp, a sensor S nay al so be operatively coupled to the

mon t%‘iéé&%@éb’ %&?{ﬁ‘ejr%%@ T}ﬁxs{oﬁg‘{é}&'ﬁoﬁ‘%f%ﬁfﬁ&{?@i"(a@ﬂﬂ/ﬁgn‘% pgg ?Khﬂrihagé’& on

of th etected position o p1 ston sensor

signal_tp, variqus.conponents for . conmunicatin sition of the piston
308 R iR e AP BT Sctith =58 bERaSansT B sehaas LRSI hom RaeaySemolsti Bha 1 v
be coupled to the nonitoring system 103mp to provide a visual jndication
of podNeVidhanplsatrigak andAr Wriiah i ¢REORWH RO POSHPTsJaiewer Bty magnetic ipdigipe 54
depi cts an actuator 300m and a BOP nonitoring system 103m as a capacitive
di spl déandic ssesos Grmay fass The sigagdoiviaiives dirgipinguie fencomsmnsiontit0s pesatyorf pow a
current 502 within the cylinder 306. The current 502 may be sent into the
cyl i ndies pis@a 3ot h one or nore source el ectrodes 504 coupled to the cylinder
rear 311.

Figure 4J depicts an actuator 300j with a BOP monitoring system 103j as another moving
magnetic sensor 453. The monitoring system 103j is similar to the monitoring system 1031,
except that the transparent case 454 as shown in Figure 4J may be a transparent race (or tube) for
receiving the magnetic indicator 453 and allowing it to translate therein. The magnetic sensor
453 may be, for example, a ball that rolls through the transparent race as the piston moves within

the cylinder 306.
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A sensor electrode 506 may detect the current after the current has engaged
the piston 304. Changes in the current detected by the sensor el ectrode 506
may be uswo 20r/mét4er m ne the di stance of the piston 304PCTaseenm4sy4 i nder
rear 311. The piston 304 |ocation my be used to determ ne the |ocation of
the piston 304 (and the rod 308 not shown). Thus, the location of the rans
202 (as shown in Figure 3) may al so be determ ned. Fi gure 5B depicts

an actuator, 300n.and OP . nonj toring.sys 103n as a,sqnar or ,508.
The sonar _ denCePigte fhiasonties e SEitdEt ab beassn S iidRnie-g 0P R ifs06.
WO 2012/ 003146PCT/ US2011/ 041894 The soni c wave 510 may be propagated
i nto e 3dy ol heeBOBOE8athg niden Begeri 440 fragslateh ghegnagnstic sghcatans 3 mexigefed
soni ¢ wave 510 may be detected by a receiver 512. Changes in the

det ecttiedpistoni3®4wahhe Bdghetmyndiatarsedd looatwbetverthm e frémspaicst tabe enagtbetused @i st on
304 fromthe cylinder rear 311. The piston 304 |ocation nmay be used to

det er prevedd heishgGadicQbndf thhecfidht SMhSHidtoh 304 ah@€heI08 30O TIRROMB Jocalibiist t he
| ocation of the rans 202 (as shown in Figure 3) may al so be determ ned.

E ; Lt D e
| gur e, SGHepHE S Q{bvéhch%‘g;g%%el %?Q&%f&lgo e Bfdror ARl O‘Th!(\‘gnasg%l%@'iﬂdlr&%& gs3 one

or nore proximty sensor e proximty sensor(s) may be any

suitahl e..detection sensor, that .determnes,,the |o i0 ft i on 304
ot GBS hals L Re R eIR yRChRRM R bR By 4 85 SE 398, ThRD e
nechani cal sensor such as a button or. a swjtch, an electrical sensor such
as a SPG3HPR Oggt?grér,ns §8% Grashowana gfgur%%hn@hgspﬁﬁé?temﬁ@egr JRE AeRspr 5%&180514
may be coupled to, for exanple, the ROV 121 or surface unit 126.

be operatively coupled to the monitoring system 103j to provide an electrical and/or visual

indication of the position detected by the magnetic indicator 453. The sensor S may pass the

signal to various components for communicating a position of the piston 304.

Figures 4K-4N depict various configurations of a pulley monitor 103k,L1’. Figures 4K-
4M depict longitudinal cross-sectional views of an actuator 300k,l,1’, and Figure 4N depicts an
end view thereof. Figure 4K depicts an actuator 300k and a BOP monitoring system 103k as a
gear drive sensor 456. The gear drive sensor 456 may have a gear drive housing 458 coupled to
the cylinder rear 311. The gear drive housing 458 may have a cable (or flexible member) 460
that is placed into the cylinder 306 through an aperture 438 therein. The cable 460 may couple
to the piston 304 and travel therewith as the piston 304 travels within the cylinder 306. A pulley

469 may be provided to drive the gears 462 as the cable 460 moves with the piston 304.

As the piston 304 moves from the un-actuated position to the actuated position, the cable
460 may be pulled by the piston 304. The cable 460 movement may rotate one or more gears
462 located within the gear drive housing 458. One of the gears 462 may couple to and/or rotate

a first portion of a magnetic coupler 464 located within the gear drive housing 458.
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The proximty sensor(s) 514 may detect the |location of the piston 304 when
the piston 304 is in the actuated and/or un-actuated position. There may

al so be mubt2opl@3psoxi mty sensor(s) 514 al ong the cyli RABUSIQG6/041890r der to
give the location of the piston 304 as the piston 304 translates within the
cylinder 306. The piston 304 |ocation may be used to determ ne the |ocation
of the piston 306 (and rod 308 not shown). Thus, the location of the rams

202 (as sh n Fl ur e al so be. deter i ned. Fi gure 5D depjcts
o actuar or RoB Ao B BHE TR a9 D SRS TSt B GDLL R Broo T The
fl ow sensor 516 na be, for exanple, a totalizing nmechanical fIOM/neter
conf i GaFten qféhwaglmﬂé comRICK 4@@?%@%0%&? of th@taeabcﬁmtem@%lygﬂﬁ&er 306 as the

pi ston 304 is extended and retracted. The fIOM/sensor 516 may be coupled to
a fluid source, such as a tank (not shown).

2012/ 003148BETPt3890 Pf /the sergad portion %%smagneawoph@lﬁr 690 sapehe megsuacdiand ces
may be provided to assist in manipulating the flow of fluid through the

fl ow sweekdr dbtkénine the losatioh dfhéeimsten 30d| asnet tofvetsheithipl thadedinierodde,. tAre
hydraulic flow into the cylinder nay be used to cal cul ate the position of

t he piigdienoB&fowdbNinthyt BrepdBitionbdl 6h thenbgidtiatdovplel 466MMeNrdtdted giesdwaith. 30Kk | S
retracted toward the un-actuated position, the nechanical flow neter nmay

reset Bagkntdr RE rlﬁdl'c%f %%W%ﬁ%?a%z%é rage& he aﬁ%lédu%’&l ah@fr RlisifaP I dor to
| ocation nmay be used to determ ne’the |location of the piston 304 (and rod

§g8 gl é%éagg @&051 Sofaﬁe plStOI? %ﬁE Rﬁ So?W{l ﬂneFlgﬁlgrﬁl 4[1\%8%6 %@hpa?or Wgwl nq%yFllz?ga % 3)
Flgures 4A- AN, 5A-5D may be.us to indicate a position of the i st n 304.
These aishitiogralongohg SE)C%;POB‘éOIb%ﬂ%F SRASPFUC O c"ihe R fHO(‘P g of the 134
of Figure 1) to the ROV 121 and/or surface unit 126 for passing S|gnals

t her ebedig@earrasyd’ siayeirelaigdy apopitian af datasterimcyhageridf@i cate (or be

anal yzed to indicate) the position of the piston 304. Sone of the nonitors
103a-p may provide visual indicators (e.g., nonitors 103b-c,i1l), such as
the flags ﬂpilz gefrs Fiog ey LeBpring greand imolenfo Efraghtees cabts é@ﬂjwlmt i

i ndi cators 452, 453 of Figures 41 and 4J, that may be visually inspected by
an opérastle rﬁ;orrFmd actawdpasiopn of the rundxeuiamdsposidiodeff ec pista H4gositibh epvifaltyhe

pi ston. The visual indicators may al so be provided with visual indicator

sensoligditfc®be eerihgidhtby arr U6 2ty RBSd td @ter@find he 16QASH LS the BN 304 Lilre
nonitors 103a-p may provide nonitor sensors having electrical indicators

(€. 9. o™i tHuS tl]tgﬁ)%at‘#(h} &g tﬁé rdri B 02T8Y sRSACin i n%[]r@hzg{a? l‘?&g%e% flAgduni t

indicating a position o e piston. One or 06 of a BOP 108
may be provided with one or nore of the nonitors 103a-p about various
l'ocati ons. Figure 4L depicts an actuator 3001 with a BOP monitoring system 1031 as a pulley drive.
In the system 1031 as shown in Figure 4L, the cable 460 wraps around a first pulley 469 and a
second pulley 468 within the pulley housing 458. Thus, as the piston 304 moves within the
cylinder 306, the pulley 468 is rotated. The pulley 468 may couple to the first portion of the
magnetic coupler 464 located within the pulley housing 458. The first portion of the magnetic

coupler 464 may magnetically couple to the second portion of the magnetic coupler 466 located

outside of the pulley housing 458.

The rotation of the second portion of the magnetic coupler 466 may be measured and

used to determine the location of the piston 304 and the rod 308 as it travels within the cylinder
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WO 2012/ 003146PCT/ US2011/ 041894 Figure 6 is a flow chart depicting a
nmet hod (600) for nonitoring a bl owut preventer. The nethod (600) involves
posi ti oniwgQ 20880}3146he bl owout preventer about a tubul ar pPCRAIS2MA0MYSG ( 682)
at | east one of the visual indicators of the nonitor as the piston passes
adj acent thereto, inspecting (684) the visual indicators, and sensing (686)
a position of the piston with an electrical i ndicator. The inspecting may
al so inyol ve. manual |y vi ew th uaI tors d or, sensing_t he

" Sual Op st B Srapl S RRertg B d iy APeBbRTh SPa AT Fledi
steps, such as passing data fron1the nDnltor to a surface unit. The steps
may b pBefiedipEer 0w A6 e be wied te dpeadedn sleciisal snsddor visual indigatign (of the
appreci ated by those skilled in the art that the techni ques discl osed

her ei piten3®e Thys| thoderhsdn 6 hHithe aurho?eR @dSbawmmangus 34 plyi adsit beodesermiized.
software configured with algorithnms to performthe desired functions. These
aspects can be inplenented by programm ng one or nore suitable

gener al - pupgse 40bmppictra hdvitorg3Gpprvogr @ BEP manmdeeing systee 936 gasaapitkiey may
be acconplished through the use of one or nore program storage devices

r eadahir®e bTht Aetupto® 38G:E A8 fisyilad Asitheneadion300nex&pt that thefuligy AoBsivd 458 and
i nstructions executable by the conputer for performng the operations

descriBednll %Eeefo@atedr b@ d@ér@&;r aﬁa RGP hERI LS Sr@XntEgrlé?witﬁ' end &flﬁh&f 306e Bs

one or nore floppy disks; or other optica read-only
gﬁgg;é%cgln t%)d gg%’re ﬁp/fjt emﬁlrlalr,lgc'il:,c’rzcﬂq 0 rnon orsgpwgm mﬁ% egomﬂox%era:agtva%lg 5 "

i.e., in bln ry forn1 e utable nor.e or-Ies dlrectl b t he
corrput%“ratlo’il%%oé%mec‘é’ b dﬁ’f Refec lfléaa%’vwéng:&?fﬁt)f at'}s S%Fldlcﬁteéybd Rl O
before execution; or in some internediate formsuch as partially co I
code. trheisp dedissofsdprmositorshmap bggqroaitiosed malipusdgy infegrahwitb fthe edindat

of instructions are immterial here. Aspects of the invention may al so be
conf i gor gate fipan ke shovirhiey Besosidedhd4lnct i ons WO

2012/ 003146PCT/ US2011/ 041894 (via appropriate hardware/ software)
solely on site and/or renotely controlled via an extended comruni cati on
(e.g., w rdhesstationtodrthesgcondtpektidnt ef thetroagnenetonoplkr 466 may be measured and

used to determine the location of the piston 304 and the rod 308 as it travels within the cylinder
306 in a similar manner as that described for Figure 4K. As also described with respect to Figure
4], the indicator arrow 467 may be used to provide a visual indication of the piston 304. Thus,

the location of the rams 202 (as shown in Figure 3) may also be determined.

The movement of arrow 467 may be detected by a sensor S. The sensor S may also be
operatively coupled to the monitoring system 103k-m to provide an electrical or visual indication
of the position of the arrow 467. The sensor S may pass the signal to various components for

communicating a position of the piston 304.

Figures 5A-5D depict alternate schematic, cross-sectional views of an actuator 300m-p
having various versions of a monitoring system 103m-p usable as the actuator 300 and BOP

monitoring system 103 of Figure 3 and depicting the operation thereof.
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Whi |l e the enbodi ments are described with reference to various

i npl ementations and exploitations, it will be understood that these
enbodi merwe 2ar2e00814bust rati ve and that the scope of the PATAISRINA4SOD] ect
matter is not limted to them Many variations, nodifications, additions
and i nprovenents are possible. For exanple, one or nore nonitors may be
posi tioned about one or nore cylinders of a blowut preventer. Al so, the

(and. of hor ‘PoVeRaE S THacw Atz haman e fct Bagcn SR N et od

posi tion, and/ or all other positions therebetween. Pl ural instances
may be0pr & ihesifigwes.donpBmbisits thomsr 308 ipagt tovar rLhernerisrpesystemadOdmrei n
as a single instance. In general, structures and functionality presented as
separ at@emdmpmttmmhlsleiabouhéleeoyémebra}% guhhagudaidesrfer detyctbe & ppsicowiof ¢tk as a
conbi ned structure or conponent. Simlarly, structures and functionality

presenigsh 3¢4 thebdimg Eacte pisRABDALIs BPdraliee]y FphRIRBIad 2SnBRIA(sa¢ Biedaent s.
These and ot her variations, nodifications, additions, and i nprovenents nay

fall 't 0 heei VEHS t
2012/ 0 3146PIC13T us%o?%%&lftélggf éﬁ%ﬁ%tﬂsb Vil %d% %%ﬁﬁtss th\éQOR anate b

preverat{-)r far. ea in h | hor enetr p}g a

Lot eneilty 35 R 85 b sl sAMER LFRR ecifrelS) g oPRGhd AN

coupled to the monitoring system 103m-p to provide an electrical and/or visual indication of the
detected position of the piston 304. The sensor S may pass the signal to various components for
communicating a position of the piston 304. A visual indicator, such as those provided herein,
may also optionally be coupled to the monitoring system 103m-p to provide a visual indication

of position upon activation by the monitoring system 103g.

Figure 5A depicts an actuator 300m and a BOP monitoring system 103m as a capacitive
displacement sensor 506. The capacitive displacement sensor 506 may flow a current 502 within
the cylinder 306. The current 502 may be sent into the cylinder 306 with one or more source

electrodes 504 coupled to the cylinder rear 311.

A sensor electrode 506 may detect the current after the current has engaged the piston
304. Changes in the current detected by the sensor electrode 506 may be used to determine the
distance of the piston 304 from the cylinder rear 311. The piston 304 location may be used to
determine the location of the piston 304 (and the rod 308 not shown). Thus, the location of the

rams 202 (as shown in Figure 3) may also be determined.

Figure 5B depicts an actuator 300n and a BOP monitoring system 103n as a sonar sensor

508. The sonar sensor 508 may produce a sonic wave 510 within the cylinder 306.
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a housing having a bore therethrough for receiving the tubular; at |east
one ram slidably positionable in the housing, each of the at | east one rans
havi ng a wannip/wskicf or seal i ng engagenent about the tub@CaryS2@n/oarsvuat or
for selectively driving the ram bl ock, the actuator conprising a piston
slidably positionable in a cylinder; and a nonitor for detecting the piston
therein, the nonitor conprising a visual indicator on an exterior of the

cyl i nder, e Vi sual cat eratlve coupl ed th | stan f.or
0 splayi ng Iepbsievev Sf0 fits i SRRt P oy ol 8 an rSieEledipt g6 the
cylinder whereby a position of the rammy be determ ned. 2. The bl owout

pr evemisen 4. Jhgi reflactedppmieiava hid massh%detw@ﬁ byt siccshpll-ses a cabl e

operatively connected to the piston, the cable operatively connectable to a

dial via a pulley and rotatable thereby as the piston noves within the

cyl i nder. 5 hamrges” 19| thouslgtectse espaist wiveo? 1 lomay heusediie detepming b idistaarce iohdiic at or

further conprises at |east one gear for operatively coupling the pulley to

t he dipadton 304 Tioen thicapbunderpreav2hlt. eThobis€inad(i Beatidmemey hetused W detaiminadhaat or

further conprises a magnetic coupler for coupling the dial to the pulley.
location of the piston 304 (and rod 308 not shown). Thus, the location of the rams 202 (as

shown in Figure 3) may also be determined.

Figure 5C depicts an actuator 3000 and a BOP monitoring system 1030 as one or more
proximity sensor(s) 514. The proximity sensor(s) 514 may be any suitable detection sensor that
determines the location of the piston 304 within the cylinder 306. For example, the proximity
sensor 514 may be a mechanical sensor such as a button or a switch, an electrical sensor such as
a strain gauge, a sonar sensor, and the like. The proximity sensor 514 may be coupled to, for

example, the ROV 121 or surface unit 126.

The proximity sensor(s) 514 may detect the location of the piston 304 when the piston
304 is in the actuated and/or un-actuated position. There may also be multiple proximity
sensor(s) 514 along the cylinder 306 in order to give the location of the piston 304 as the piston
304 translates within the cylinder 306. The piston 304 location may be used to determine the
location of the piston 306 (and rod 308 not shown). Thus, the location of the rams 202 (as

shown in Figure 3) may also be determined.

Figure 5D depicts an actuator 300p and a BOP monitoring system 103p as a flow sensor
516. The flow sensor 516 may be, for example, a totalizing mechanical flow meter configured to
measure the flow into and/or out of the cylinder 306 as the piston 304 is extended and retracted.

The flow sensor 516 may be coupled to a fluid source, such as a tank (not shown).
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5. The bl owout preventer of Claim1l, wherein the visual indicator conprises
a housing integral with the cylinder. 6. The bl owout preventer of Claiml,
wher ei n tWe 20i2¢0ad46i ndi cat or conprises a plurality of flPagaSp@giosissned on a
flag rod, the plurality of flags being selectively raisable as the piston
passes adjacent thereto. 7. The bl owout preventer of Claim1, wherein the
vi sual indicator conprises a nagnet slidably positionable on a guide in
response t

a magnet. on th l,.St,0 assi ng, adj acent thereto. 8. The bl owout
reventer SHTERanmy S prerBrhiRHe RS S nPIREER eotiget soiadivg plife i on
case wth a pluralit%@of metal filings novably positionable therein in
r esporav efoflyid thygweh the dlomhengrtlén passi ng adj acent thereto. 9. The bl owout
preventer of Claim1, wherein the visual indicator conprises a transparent
case with a magnetic indicator npvably positionable therein in response to
a magnet onVith&gnaeryiplyaeal thy cxlijdes kigwn.rbt Bydsaulicgflowrpeo Hlegpbindergpaint er
of Claim1l, further conprising a visual indicator sensor for detecting the
vi sualus¢chth cdtwate the position of the piston 304 within the cylinder. Alternatively, when the

piston 304 is retracted toward the un-actuated position, the mechanical flow meter may reset
back to zero instead of measuring the outflow. The piston 304 location may be used to
determine the location of the piston 304 (and rod 308 not shown). Thus, the location of the rams

202 (as shown in Figure 3) may also be determined.

Each of the monitors 103a-p depicted in Figures 4A-4N, SA-5D may be used to indicate a
position of the piston 304. These monitors 103a-p may be coupled via a communication link
(e.g., 134 of Figure 1) to the ROV 121 and/or surface unit 126 for passing signals therebetween.
Such signals may contain data that may indicate (or be analyzed to indicate) the position of the
piston 304. Some of the monitors 103a-p may provide visual indicators (e.g., monitors 103b-c,i-
1), such as the flags 412 of Figure 4B, magnets 420 of Figures 4C and 4H, magnetic indicators
452, 453 of Figures 41 and 4J, that may be visually inspected by an operator, ROV, camera or
other devices to determine a position of the piston. The visual indicators may also be provided
with visual indicator sensors to electrically indicate a position of the sensors. Some of the
monitors 103a-p may provide monitor sensors having electrical indicators (e.g., monitors 103a,d-
h,m-p) that may send signals to the surface unit indicating a position of the piston. One or more
cylinders 306 of a BOP 108 may be provided with one or more of the monitors 103a-p about

various locations.
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11. The bl owout preventer of Caim1l, further conprising an electrical

I ndi cator for detecting a position of the piston. 12. The bl owout preventer
of C ai mwo 208N the el ectrical indicator conprisesPaTA®gmen4shs dably
positionable on a guide in response to a magnet on the piston passing

adj acent thereto, and at |east one Hall Effect sensor for detecting a
position of the nmagnet on the guide. 13. The bl owout preventer of Caim 11,
wherein the.el ectrical indicator conpris I nductive resistance sensor
compri si ng NS Pris 1B bR dSRishee § MsthagPRYdPr moRloring fLbIgRSHERIEV SFEvent or
of Caim1l1l, wherein the electrical indicator conprises a top end .

ul t r asldwinectlech@8P) iavolycs pFitEmiNHIOSP hie AW eFevanar ebabe fmlasmstivtingasoni ¢
sensor at a bottomend of the cylinder for detecting the piston when

adj acd€6$2)tahastone of e vihiml bidomatus ofthe vemiter asothe Gisainmpaides adjaecrgitirerethe

el ectrical indicator conprises an ultrasonic |imt sensor. 16. The bl owout
pr evenh@ectafg (€A the LkualMhgic &b, dhtEscakiag (6969 alpokifidh 6athepi ke Rith a8 8lcdtricaser

sensor.
indicator. The inspecting may also involve manually viewing the visual indicators and/or
sensing the visual indicators for activation. The method may also involve additional steps, such
as passing data from the monitor to a surface unit. The steps may be performed in an order, and
repeated as desired.

It will be appreciated by those skilled in the art that the techniques disclosed herein can
be implemented for automated/autonomous applications via software configured with algorithms
to perform the desired functions. These aspects can be implemented by programming one or
more suitable general-purpose computers having appropriate hardware. The programming may
be accomplished through the use of one or more program storage devices readable by the
processor(s) and encoding one or more programs of instructions executable by the computer for
performing the operations described herein. The program storage device may take the form of,
e.g., one or more floppy disks; a CD ROM or other optical disk; a read-only memory chip
(ROM); and other forms of the kind well known in the art or subsequently developed. The
program of instructions may be "object code," i.e., in binary form that is executable more-or-less
directly by the computer; in "source code" that requires compilation or interpretation before
execution; or in some intermediate form such as partially compiled code. The precise forms of

the program storage device and of the encoding of instructions are immaterial here. Aspects of

the invention may also be configured to perform the described functions
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17. The bl owout preventer of Claim 11, wherein the electrical indicator
conprises a capacitive displacenent sensor. 18. The bl owout preventer of

Cl ai m 11,wotreraiosidbhe el ectrical indicator conprises a $OmAIS2&1@/0$1394 f Or
emtting sonar waves and sensing the waves rebounded by the piston. 19. The
bl owout preventer of Claim1ll, wherein the electrical indicator conprises
at | east one proxinity sensor. 20. The bl owout preventer of Caim 11,

wher ei n th electric | i ses fl ow sensor . for cting the
o or 114rE firoeme seenardiatyr S RuCEs S, it TRadlss corTaledo ke
therein. 21. A systemfor sealing a tubular of a wellbore, the wellbore

penet rcatenged @r@rabméwoalr(é@n Wlﬁﬂl%ﬁilnwﬁtlet,tq%,ellsty,sqt@}rxl@wﬁ?| sing: a bl owout
preventer conprising:

While the embodiments are described with reference to various implementations and
exploitations, it will be understood that these embodiments are illustrative and that the scope of
the inventive subject matter is not limited to them. Many variations, modifications, additions
and improvements are possible. For example, one or more monitors may be positioned about
one or more cylinders of a blowout preventer. Also, the monitoring devices described herein
may detect positions of the piston 304 (and other portions of the ram 202) in an unactuated
position, an actuated position, and/or all other positions therebetween.

Plural instances may be provided for components, operations or structures described
herein as a single instance. In general, structures and functionality presented as separate
components in the exemplary configurations may be implemented as a combined structure or
component. Similarly, structures and functionality presented as a single component may be
implemented as separate components. These and other variations, modifications, additions, and

improvements may fall within the scope of the inventive subject matter.
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a housing having a bore therethrough for receiving the tubular; at |east
one ram slidably positionable in the housing, each of the at | east one ram
havi ng a wannip/wskicf or seal i ng engagenent about the tub@CaryS2@n/oarsvuat or
for selectively driving the ram bl ock, the actuator conprising a piston
slidably positionable in a cylinder; and a nonitor for detecting the piston
therein, the nonitor conprising a visual indicator on an exterior of the
cylinder, the visual indicator operagiﬁﬁ%y coupled to the piston for

di splaying a position of the piston s fe pi ston travels within the
cylinder whereby a position of the ram may be determ ned; and an inspector
for in 1.ng: .visual indicator. 22. The system of C aim 21, wherein

t he ini@@%ﬁ%?g?%&gmhunan. 23. The system of Caim 21, wherein the inspector

s ar erTP't %A Bf%gvro%% grcévé/n Qri f%lr SGGaiiIBgO\a/)tlibular of a wellbore, the wellbore penetrating a

subterranean formation, the blowout preventer comprising:

a housing having a bore therethrough for receiving the tubular;

at least one ram slidably positionable in the housing, each of the at least one rams having
a ram block for sealing engagement about the tubular;

an actuator for selectively driving the ram block, the actuator comprising a piston slidably
positionable in a cylinder; and

a monitor for detecting the piston therein, the monitor comprising a visual indicator on an
exterior of the cylinder, the visual indicator operatively coupled to the piston for
displaying a position of the piston as the piston travels within the cylinder
whereby a position of the ram may be determined.

2. The blowout preventer of Claim 1, wherein the visual indicator comprises a cable
operatively connected to the piston, the cable operatively connectable to a dial via a
pulley and rotatable thereby as the piston moves within the cylinder.

3. The blowout preventer of Claim 2, wherein the visual indicator further comprises at least
one gear for operatively coupling the pulley to the dial.

4. The blowout preventer of Claim 2, wherein the visual indicator further comprises a
magnetic coupler for coupling the dial to the pulley.

5. The blowout preventer of Claim 1, wherein the visual indicator comprises a housing

integral with the cylinder.
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24. The systemof Claim 21, further conprising a surface unit for receiving
data fromthe nonitor. 25. The systemof Caim21, further conprising an

el ectri cavoizott/watder for detecting a position of the pi PCOAS206/041BE system
of Claim25, further conprising a receiver for comunicating signals with
the electrical indicator. 27. The systemof Caim25, further conprising
at | east one sensor for detecting wellsite paraneters. 28. A nethod of

ol owout b VB MBFBBRET PR P NEORONOUT B BYBHra s AE o o

housi ng having a bore therethrough for receiving the tubul ar; )
flags positioned on a flag rod, the plurality of flags being selectively raisable as the piston
passes adjacent thereto.

7. The blowout preventer of Claim 1, wherein the visual indicator comprises a magnet
slidably positionable on a guide in response to a magnet on the piston passing adjacent
thereto.

8. The blowout preventer of Claim 1, wherein the visual indicator comprises a transparent
case with a plurality of metal filings movably positionable therein in response to a
magnet on the piston passing adjacent thereto.

9. The blowout preventer of Claim 1, wherein the visual indicator comprises a transparent
case with a magnetic indicator movably positionable therein in response to a magnet on
the piston passing adjacent thereto.

10. The blowout preventer of Claim 1, further comprising a visual indicator sensor for
detecting the visual indicator.

11. The blowout preventer of Claim 1, further comprising an electrical indicator for detecting
a position of the piston.

12. The blowout preventer of Claim 11, wherein the electrical indicator comprises a magnet
slidably positionable on a guide in response to a magnet on the piston passing adjacent
thereto, and at least one Hall Effect sensor for detecting a position of the magnet on the
guide.

13. The blowout preventer of Claim 11, wherein the electrical indicator comprises an

inductive resistance sensor comprising a coil disposed about the cylinder.
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at | east one ramslidably positionable in the housing, each of the at |east
one ranms having a ram bl ock for sealing engagenent about the tubular; an
act uat or wonropgloadwsi vel y driving the ram bl ock, the act raTars2¢iomprsvsi ng a
pi ston slidably positionable in a cylinder; and a nonitor for detecting the
pi ston therein, the nonitor conprising a visual indicator on an exterior of
the cylinder, the visual indicator operatively coupled to the piston for

di spl t f the pist the pist thin t
cy T+ naor oG DRy Brieb AT GRITHE. ¥ Rivehd)e e et i Hoborde #Y AT G e

| east one of the visual indicators of the nonitor as the piston passes
adj acent t WEFsPRiC saiar piisiorend Atherlindesaad aibatpwene ukrasomic sqiser #et hod of
Claim 28, further conprising sensing a position of the piston with an
el ectri cal botidincatl @f the3@lindérdonedtémicgdlic Ghtan wi8 adjsherteharctohe st ep of
i nspecting conprises manually view ng the visual indicators.
15. The blowout preventer of Claim 11, wherein the electrical indicator comprises an
ultrasonic limit sensor.
16. The blowout preventer of Claim 11, wherein the electrical indicator comprises a laser
Sensor.
17. The blowout preventer of Claim 11, wherein the electrical indicator comprises a
capacitive displacement sensor.
18. The blowout preventer of Claim 11, wherein the electrical indicator comprises a sonar
sensor for emitting sonar waves and sensing the waves rebounded by the piston.
19. The blowout preventer of Claim 11, wherein the electrical indicator comprises at least
one proximity sensor.
20. The blowout preventer of Claim 11, wherein the electrical indicator comprises a flow

sensor for detecting the flow of fluid through a chamber of the cylinder as the piston

passes therein.
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31. The nethod of C aim 28, wherein the step of inspecting conprises
sensing the visual indicator for activation. 32. The nethod of C ai m 28,
further osopoidiodgepassi ng data fromthe nonitor to a skCTASROINOULSI4 33. A
bl omout preventer for sealing a tubular of a wellbore, the wellbore
penetrating a subterranean formation, the blowout preventer conprising: a
housi ng having a bore therethrough for receiving the tubular at | east one

lid b| t he. h f th t
o oy P RS for R et P S S DS B el RENS e SO GTRER Lt or

for selectively driving the ram bl ock, the actuator conprising a piston
slidably pdeindtionathr sysiemsowprisinger : and

a blowout preventer comprising:
a housing having a bore therethrough for receiving the tubular;
at least one ram slidably positionable in the housing, cach of the at least one ram
having a ram block for sealing engagement about the tubular;
an actuator for selectively driving the ram block, the actuator comprising a piston
slidably positionable in a cylinder; and
a monitor for detecting the piston therein, the monitor comprising a visual
indicator on an exterior of the cylinder, the visual indicator operatively
coupled to the piston for displaying a position of the piston as the piston
travels within the cylinder whereby a position of the ram may be
determined; and
an inspector for inspecting the visual indicator.
22. The system of Claim 21, wherein the inspector is a human.
23. The system of Claim 21, wherein the inspector is a remote operated vehicle (ROV).
24. The system of Claim 21, further comprising a surface unit for receiving data from the
monitor.
25. The system of Claim 21, further comprising an electrical indicator for detecting a position
of the piston.
26. The system of Claim 25, further comprising a receiver for communicating signals with

the electrical indicator.

30



a nonitor for detecting the piston therein, the nonitor conprising a
housing with a cable therein, the cable operatively connectable to the

pi st on ariorowAldBEG6t herewi t h whereby a position of the Pawusay11/0¢1894
determ ned. 34. The bl owout preventer of Caim 33, wherein the nonitor
further conprises a sensor operatively connected for detecting novenent of
the cable. 35. The bl ow out preventer of C aim 34, wherein the nonitor

further rises a ication link for passing data fromthe sensor to
2 surt ach  UNFEYS B O HIb b G BPBURNEEA SH e Sepador dHESET T hES mon t or
further conprises at |east one gear. 37. The bl owout preventer of C aim 33,
wher ei n t h@afAsitdr further conprises at |east one pulley. 38. The bl owout
preventer of C aim 33, wherein the housing is integral with the cylinder.
39. The B3.cdwowthodrodwemiteringf bidvaiutrpB3enteh) éreamethoth eompmiingr f ur t her
conprises a visual indicator on an exterior of the housing, the visual
i ndi cat or gpeifidhiny ehe/ble@oiM [Bevdnertabéut a tubular, the blowout preventer comprising:
a housing having a bore therethrough for receiving the tubular;
at least one ram slidably positionable in the housing, cach of the at least one rams
having a ram block for sealing engagement about the tubular;
an actuator for selectively driving the ram block, the actuator comprising a piston
slidably positionable in a cylinder; and
a monitor for detecting the piston therein, the monitor comprising a visual
indicator on an exterior of the cylinder, the visual indicator operatively
coupled to the piston for displaying a position of the piston as the piston
travels within the cylinder whereby a position of the ram may be
determined;
activating at least one of the visual indicators of the monitor as the piston passes adjacent
thereto; and
inspecting the visual indicators.
29. The method of Claim 28, further comprising sensing a position of the piston with an
electrical indicator.
30. The method of Claim 28, wherein the step of inspecting comprises manually viewing the
visual indicators.

31. The method of Claim 28, wherein the step of inspecting comprises sensing the visual

indicator for activation.
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cabl e and novabl e thereby for visually indicating a position of the piston
as the piston travels within the cylinder. 40. The bl owout preventer of

Cl ai m 39,woireradiostdbhe nonitor further conprises a magnePCE/uSeuploersds nsi de
of the housing for coupling the cable to the visual indicator. 41. The

bl owout preventer of Caim 39, wherein the visual indicator conprises a
di al activatable by the cable.

32. The method of Claim 28, further comprising passing data from the monitor to a surface
unit.
33. A blowout preventer for sealing a tubular of a wellbore, the wellbore penetrating a
subterranean formation, the blowout preventer comprising:
a housing having a bore therethrough for receiving the tubular;
at least one ram slidably positionable in the housing, each of the at least one rams having
a ram block for sealing engagement about the tubular;
an actuator for selectively driving the ram block, the actuator comprising a piston slidably
positionable in a cylinder; and
a monitor for detecting the piston therein, the monitor comprising a housing with a cable
therein, the cable operatively connectable to the piston and movable therewith
whereby a position of the ram may be determined.
34. The blowout preventer of Claim 33, wherein the monitor further comprises a sensor
operatively connected for detecting movement of the cable.
35. The blow out preventer of Claim 34, wherein the monitor further comprises a
communication link for passing data from the sensor to a surface unit.
36. The blowout preventer of Claim 33, wherein the monitor further comprises at least one
gear.
37. The blowout preventer of Claim 33, wherein the monitor further comprises at least one
pulley.
38. The blowout preventer of Claim 33, wherein the housing is integral with the cylinder.
39. The blowout preventer of Claim 33, wherein the monitor further comprises a visual

indicator on an exterior of the housing, the visual indicator operatively coupled to the
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cable and movable thereby for visually indicating a position of the piston as the piston
travels within the cylinder.

40. The blowout preventer of Claim 39, wherein the monitor further comprises a magnetic
coupler inside of the housing for coupling the cable to the visual indicator.

41. The blowout preventer of Claim 39, wherein the visual indicator comprises a dial

activatable by the cable.
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