WO 2012/ 011918PCT/ US2010/ 043031 METHOD AND APPARATUS FOR MEASURI NG LI NEAR
‘DI SPLACEMENT FI ELD [ 0001] The present disclosure relates to nethods and
appar at uswbanizmaessri ng rel ati ve pl acenent between obj eets/adelo/0M@IEE
particularly, to nmethods and apparatus using magnetic sensors to determ ne
rel ati ve placenent of one object to another, such as displacenent of one
portion of a device relative to another portion. BACKGROUND [ 0002] There
are many applications in which there is a need to neasure changes in the
relative positioning between conponents. In many such applications, the
conponents are readily accessible, and neasurenents can be nmade directly.

However, | S| L %&%@ RERYENPt be
readily acmg,@ﬁngﬁ?%%%im (&)}r in Héﬂggﬂtﬁégsurenent nmust
be used. One exanple situation which presents specific difficulties is in
tools that may be used in wells or offrpsubsurface |ocations. For exanple,
as sone configurations of a downhole tool are operated within a well bore,
various pistons and other noving parts may nove relative other portions of
t he dogoby] Thé present Aisclexanplatento mathodsiatd appuiatyy foameasvrigh relpeveplpiestesh

wi thin a chamher of_ the downhol e tool, such as m ght. be used, for_ exanple,
for sabgiVEPRERIeGs ard, W%ﬁpﬁlﬁé‘ll\aﬂ}’ﬁﬁf’?e&]ﬁ)‘%r‘an Pl?ar?itﬁgﬂff’lﬂ% magﬂafchsierslgoﬁg’rml e,
nmeasur goent; 1SR RERRBNGT RE obfeet i abRr, [s8EPdd dsplaRnnsof drkqriidn éfhe
chanbe& mnfﬁ?%:mklg% it 1s hougégﬁnay provi de use?hl i nformation regarding
t he volewie: efative &t amotizmripertionand t herefore of the fluid therein. [0003] One
difficulty in this exanple operating environnent is that the system needs
to be operable, and generally st el evat ed t enperatures, and nust
be sufficiently rugged to mﬁthstggg&gﬁggg@§m%ole envi ronnment. These extrene
conditions in a typical well bore make it difficult to provide tools that

can pr ﬂ)?)%&i ¥hgr% ta?er M aﬂ’p(ﬁlcgtﬁcin\é &n Whtth% $s Phed Y iR 'Eﬁﬁ{g%s dote heth@ve

positioning between components. In many such applications, the components are readily

accessible, and measurements can be made directly. However, in other situations, one or more
of the components may not be readily accessible, and thus some mechanism for indirect
measurement must be used. One example situation which presents specific difficulties is in tools
that may be used in wells or other subsurface locations. For example, as some configurations of
a downhole tool are operated within a well bore, various pistons and other moving parts may
move relative other portions of the downhole tool. An example of one such moving part might
be a piston within a chamber of the downhole tool, such as might be used, for example, for
sampling fluids from the formation or well annulus. In this example, measurement of
displacement of the piston relative to a surface of the chamber within which it is housed may
provide useful information regarding the volume of that chamber, and therefore of the fluid
therein.

[0003] One difficulty in this example operating environment is that the system needs to be
operable, and generally stable, under elevated temperatures, and must be sufficiently rugged to
withstand the downhole environment. These extreme conditions in a typical well bore make it
difficult to provide tools that can properly determine relative positions of moving members

downbhole.



WO 2012/ 011918PCT/ US2010/ 043031 SUMVARY [0004] In one aspect of the present
di scl osure, a systemincludes a noveable structure, noveable in at |east a
| i near diweaebixnigiel ati ve to a supporting structure, a mwagnsteio/ohiosl d
sensor assenbly, including a magnetic field sensor, and a nagnet, wherein
one of the magnet and the magnetic field sensor is coupled to the noveable
structure, and wherein the other of the magnet and the magnetic field
sensor assenbly is coupled to the supporting structure, and wherein the
magnetic field sensor is adapted to determne the relative position of the
magnet to the magnetic field sensor. [0005] In one exanple, the system
descri bed above can include a chanﬁeﬂﬂwgﬁﬁgin there is a need to determ ne
t he vol une occupied by a fluid withrn a variable volunme portion of the
chanber. One exanple of such a chanber is in a PVT

(pres sm%]vml JHEBES RIDRh bHseNt dIRASUFL BB terh Yol @Riws Wirhdvieabla sttosvakomeveabdd .
Such a P measurenent systemincludes a piston chanber, and a pistan
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magnet 1nF]§Q1ng&{p%%1egg %’F esefoligosf t %\r@aﬁﬁg{eﬁ%ﬁglﬁ é%‘? § £ ﬁllge : % g%ar?\gic}?é ?fs? gT%%at ed

out si deell Bénspi BlcBlpled eshemeuable stradtuichandwiyereini the dihet of the mmgnetiand tlwcat ed
to sense the | ocation of the piston within the piston chanber 1’;10 ascertain
t he vomagnstigfficld seapgsiassambly i Gaupler fo hesuppRiHBe strugiie-ag vhereip dhepagnetic
exanpl 6 dd Gk 96 Aot fthe O fgigant
mgnet@eﬁgss%‘{s}?%%%g b4 f ddtGinfin @ FRT ARG AR b ¢ Alle Idthedie 10006] Figure
1 illushsates a systemfor drilling including an exanpl e downhol e t ool

i ncludi ng_an apparatus _for nmeasurin i near .di.spl acenent according to an
ermbod; WOHEI BrOTeRaagP s RS HADARTINY =OOCHAR 19 G0h GO IBMEteh BREI LT
1 ust pahes dé’teﬁﬁ’iﬁmgﬁfe' Wit 8t &lhidd MR 2 AEA Within g viPaASv IR PorsH ofahe t he
present 1nvention. [0008] Figure shows further details of the formation
t est er cHaarbler. oOnéexpmpde Bf such a chamber is in a PVT (pressure/volume/temperature)

measurement system within a downhole tool. Such a PVT measurement system includes a

piston chamber, and a piston located within the chamber and movable within the chamber to vary

a volume between the piston and an end wall of the piston chamber, wherein the magnet is

located at the piston and the magnetic field sensor is located outside the piston chamber such that

the magnetic field sensor is located to sense the location of the piston within the piston chamber

to ascertain the volume of a sample fluid within the chamber. In any of the above examples, the

magnetic field sensor can include an array of GMR (giant magnetoresistance) sensors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Figure 1 illustrates a system for drilling including an example downhole tool including an
apparatus for measuring linear displacement according to an embodiment of the present
invention.

[0007] Figure 2 schematically illustrates a formation tester tool according to an embodiment of
the present invention.

[0008] Figure 3 shows further details of the formation tester tool of Figure 2.

[0009] Figure 4 shows further details of the formation tester tool of Figure2



[ 0009] Figure 4 shows further details of the formation tester tool of
Figure2 WD 2012/011918PCT/US2010/ 043031 [0010] Figure 5 illustrates a PVT
measur enewd 2089818y accordi ng to an enbodi nent of the preaspéloionsosnt i on.
[0011] Figure 6 illustrates a downhole tool within a casing, in accordance
wi th one enbodi nent. DETAI LED DESCRI PTI ON [0012] In the follow ng detailed
description, reference is made to the acconpanying drawi ngs which forma
part hereof, and in which is shown by way illustration specifi

enbodi [#8H]sFivrevilysiratose I’%Wéﬂﬁaﬁ‘gﬁmﬁ%ﬂsﬁé‘l ya&%qr@ea to gt gupo WB‘I]?%?‘I'[ s are
descrlb Q:Lﬂw%%(1|0|ent detail to enable those skilled in the art to

pr ractilte the rnvention, and it is to be understood that other enbodi ments
may bej0oli] Fige Gitidstrdies a ddwnholaitoal withiargesingpip aceordante with ereambpdiaenti ng
fromthe scope of the present invention. Therefore, the follow ng detail ed
description is not to be taken in a limting sense, and the scope of the
present invention is defined by the appended clains and their equival ents.
[0013] In the follow ng discussion and in the clains, the terns "including"

and "conprising" are used in fﬁﬁﬁﬁU§ shon. and thus shoul d be
interpreted to nean "including, imted to...". Also, the terns
"couple," "couples", and coupled used to descrlbe any nechani cal or
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el ectrical conductor directly interconnecting the two devices, or through
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equivalents.

[0013] In the following discussion and in the claims, the terms “including” and “comprising” are
used in an open-ended fashion, and thus should be interpreted to mean “including, but not limited
to...”. Also, the terms “couple,” “couples”, and “coupled” used to describe any mechanical or
electrical connections are each intended to mean and refer to either an indirect or a direct
mechanical or electrical connection. Thus, for example, if a first device “couples” or is “coupled”
to a second device, that interconnection may be through a mechanical connection and/or an
electrical conductor directly interconnecting the two devices, or through an indirect mechanical or
electrical connection through other intervening devices, conductors and connections. Further,
reference to “up” or “down” are made for purposes of ease of description with “up” meaning
towards the surface of the borehole and “down” meaning towards the bottom or distal end of the
borehole. In addition, in the discussion and claims that follow, it may be sometimes stated that
certain components or elements are in fluid communication. By this it is meant that the components
are constructed and interrelated such that a fluid could be communicated between them, as via a
passageway, tube, or conduit. Also, the designation “MWD” or “LWD” are used herein

interchangeably, and either term refers measurement systems including, or methods conducted



certain conponents or elenents are in fluid conmunication. By this it is
meant that the conponents are constructed and interrelated such that a
fluid cowd 2oe/momeuni cat ed between them as via a passageEwsyoioioudas) or
conduit. Also, the designation "MAD' or "LWD' are used herein

i nterchangeably, and either termrefers nmeasurenment systens including, or
nmet hods conducted WO 2012/011918PCT/ US2010/ 043031 t hrough use of, tools

within or supported by a drillstring or other_tubular w.thin a |l or
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domhoogfst?)nt& 113 includes a downhol e sanpling device such as a formation
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113 can include a power source, such as a battery or generator. A generator could be powered

be

either hydraulically or by the rotary power of the drill string. The generator could also be on the
surface and the power supplied through conductor or conductors in a wireline or drillpipe.
[0017] The downhole tool 113 includes a downhole sampling device such as a formation tester
tool 10, which can be powered by the power source. In one embodiment, the formation tester
tool 10 may be mounted on a drill collar or wireline deployed. Thus, even though formation

tester 10 is shown as part of drill string 105, the embodiments of the invention described below



WO 2012/ 011918PCT/ US2010/ 043031 nay be conveyed down borehole 8 via any
drill string or wireline technology, as is partially described above and is
wel | knowwot2o1oneviskilled in the art. [0018] Figure 2 schasadionadosy
illustrates the formation tester tool 10 in position to retrieve
subterranean formation fluid fromthe borehole 8, 1in accordance with one
enbodi nent. The formation tester tool 10 includes a probe 162 and a seal

pad 163 that contacts the wall 112 of the borehgle 8 togrou h. rm(ljt. ke 24,
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sche iC representati of ,a, praobe ' ter tool
10, in Qfl?cﬂpggﬂ’ct em@ﬁqgﬁé‘“’é‘%&?ﬁ&isﬁ%f#? fﬁ&”%@ﬁg?%n{) g{esf{ogéjﬁ%sdégﬁbgaﬁ%vi ew of

the prepRaassanal STheRnbekis) @loha endadiarat, fivddly cammcfedgon enain samalirtzop,
section view of the probe assenbly 50 in_an extended position. [
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[ 0020] sys@nitbe Rrin flakt @mhodtatih witts the psobizstearto redeive asphipheifliidtonbtidy t hat
is typical of tools used i.n downhol e environnents.. Formation tester tool 10
| ncl UABSPRY B2 bl ST HERAOUS S ORBHATBEARTOLE RHEABE ARG g R (irppesed
Fornatgggwprobe assenbly 50 generally includes a stem 92, a piston chanber

94, a piston 96 adapted to reciprocate within piston chamber 94, a snorkel
98 adaf0ad] Fipuresécindrdoshalv arsvhemeti¢ ropiaskitatiqni eff aoprobé assemblyaS Osteaforpation 80

| ocated at a nd of piston.96. Snorkel i ncl.udes a cent.ral S way
127. FE?FWENOE |]18’dfl 8B@r§3§’§8 %ﬁlxpng(gnﬁ)g d%‘?ﬁ‘ﬁ-?f‘g%% é 5 ﬁ@ﬁ’ PRA ‘f)lle‘%toof n ggeit ends
and rebdaGhl $0ThQUERaAREPIsich, 2d PigutdPisfaabpBretitvh ¥iewtofthd r0be ddemBlyesm 92
i ncl udes a tubul ar extension 107 havi ng central passageway. 108.  Central

passagwayext@gled position. | Alsd, ndhigwe i formationttesterdpefl 198 § 5Rosed MAng to
o e B3 Shab 1 TSR R 2L
snor keforﬁﬁ&%?gl@é/\@lycuﬂi?m@f@eﬂﬁﬂﬁer@id pessohvaellBE8. to the other parts of the
tool. WO 2012/011918PCT/ US2010/ 043031 . . .
[0020] Formation tester tool 10 has a substantially cylindrical body that is typical of tools used
in downhole environments. Formation tester tool 10 includes hydraulic conduits and sample
conduits therethrough.
[0021] Formation probe assembly 50 generally includes a stem 92, a piston chamber 94, a piston
96 adapted to reciprocate within piston chamber 94, a snorkel 98 adapted for reciprocal
movement within piston 96, and a seal pad 180 located at an end of piston 96. Snorkel 98
includes a central passageway 127. Formation probe assembly 50 is configured such that piston
96 extends and retracts through aperture 52 of the formation tester tool 10. Stem 92 includes a
tubular extension 107 having central passageway 108. Central passageway 108 is in fluid
connection with fluid passageways leading to other portions of tester tool 10, including a draw

down assembly, for example. Thus, a fluid passageway is formed from the formation through

snorkel passageway 127 and central passageway 108 to the other parts of the tool.



[ 0022] Formation probe assenbly 50 is assenbl ed such that piston 96

i ncl udes shoul ders 97 to allow hydraulic pressure to be used to extend and
retract twepizhons | n use, snorkel 98 further extends ipotrastéw/oimsmati on
wall to communicate with the formation fluid. Probe assenbly 50 is extended
by applying fluid pressure through hydraulic conduits so that hydraulic
pressure is applied to shoulder 97. The pressure advances piston 96 and

seal pad 180 toward the wall of the well bore, [OOZSé ,Se?I pa}ijwﬁo Sg_gal s and
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can be verte VT system 166 via a fluid passageway 167. [0024] Figure
5 showwelbaehemati c representati on of PVT system 166, in accordance with
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requiring the use of a large, strong magnet. [0028] In one exanple, piston
506 can be nol ded from plastic and magnet 530 can be enbedded within the

pl astic piston 506. The | ocation of thé magnet 530 allows for know edge of
the |l ocation of piston 506 and allows the systemto ascertain the vol une of
the sanple fluid within the piston chanber 504. The magnetic field sensor
514 hel ps to performdirect physical PVT neasurenents on a diverted and
captured sanple during a punp out down-hole. This enables the system obtain
quantifiable PVT information fromthe PVT cell especially for
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WO 2012/ 011918PCT/ US2010/ 043031 board can include an array of GVR sensors
516 extending longitudinally across the bottom section of the circuit board
and arraywo aixngishe | ength of the piston chanber 504. pAddistéonadoBy, ot her
portions of a magnetic field sensor assenbly 517 can al so be nounted to the
circuit board 522. For exanple, assenbly 517 can include circuitry to

provi de signal conditioning, conversion, swtching, and conmunications to
the surface. [0030] In_some engbodinents, a circuit board is not utilized
and t Hemnensaied for hplpredigizing The Acpyied yalyesprg t]é‘??océ’mﬁe‘{/j\wlttﬁ F?f%t%‘léefé? ructure
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sensorclesest sensarfibj thatesensir sepeitpuf velua msptheen insad towsoinguteitled elaiive pogitionaf the
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di githl i epp sl s rect -
of  pur daTteEGRAREniP o7P 1R frd; By bR 5B o R SRR BRARBr | e o
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spaci ng. For higher resolution position detectjon, the sensor's conditioned
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deter Foug a nunber of neasurenents based on position

det ect pronidenied pishitivg héfserement, baswguinethe hewh disemeestbetwpmatosertvoscnserser at i on,
or volune - as in the case of a container with a g)/yRabbﬁ o%i ec‘t,tggt IS
r ef er el0838 Velumechanga vishisshamber Y4 qap becalgulsiedas MR Iefls Sereal 55| e of

a vol uneﬁoh%gdgévﬁ_‘f%c% eﬂPuAﬁelﬂgti\;eg)?%g uite Q!)lﬁlﬁ%@ 198K iRa Fa1d BERRuRfisRdPVT

systerr?lS € sensor appl'ications the results could be used to affect
some obypistod@lispiakrenr witking specified tesalntion tRositionpartdtberstoré sckimes aceyracyr r ent
tel emetry schenes, Alternatively
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configured to work on other novab menbers oOf the downhol e tool. For
exanpl aese ofeflarge] stipnggeagnett o Fi gure 3, in one enbodi nent, piston 96 can

i nclud gnet 190, att ac to, or ded.wi.t hi n_t he  phLst

ragnet (03] B GPeahilc Ron L b8 meida v P ested wanfiy Pud HD0 2 bt

| ocat eqi1f]nARE plikEd Fi8tosi 8D The Ritatidief B ekBhbtcs 30 allbts SaTlakv1dde ofdie be used,
as di scussed above, to determ ne the |ocation of piston 96, using nagnet

190, alwgatidrsef pigfon 50@and allovisribe sysiara to aseentain the walurge of e sappje fluid within
2012/ 011918PCT/ US20 043031 pi st t .
Ehglgpé ?haéni)_er %QA q %ralggxgehl% 2 S8 35 14“}%@% ngg%ﬁ% A&k ?2?41&{1] gvihe

pi ston previously, r ac eration of

the pi gleaurdRert@bn aldsRrtb asletfnired esmple dufing b puingroueddwnthoien Thisenatdgrtht
(not shown) can be attached to or enbhedded w thin snoréetl 98 and.a.magnetic
field systesopbtemrqusatifigdeP¥d infoamatien fpmhe PYTelesprsially 191 pyppressibfi i on

and ¢ hﬁlréﬂgal%fxpgl%%nt hORundnle BVRLilLaRenIbEE SefBuRGknts of such information,
better results can be obtained than transporting the sample above ground and doing the testing.
[0029] In one embodiment, magnetic field sensor 514 includes a circuit board 522 mounted to
the PVT system accumulator 502 at first and second accumulator end caps 524, 526. A
mounting bracket 525 includes a base bracket 528 connected to the accumulator end cap 526 and
a secondary bracket 525 mounted to the circuit board 522. The base bracket 528 can include a
slot 532. Slot 532 allows secondary bracket 530 to translate therein to allow the circuit board

522 to be moved closer or farther from the PVT system accumulator 502, as desired. The circuit



[0033] In other enbodinents, other noving parts within downhole tools can
also utilize the present system For exanple, referring to Figure 2, the
noverent wb 2exbm@nedgbl e backup pi stons 130 can be det er mpoeadis2dbse3030t her
downhol e technol ogy such as novabl e sensor pads, and sensors attached to
retractabl e I'i nkages can be configured to utilize one or nore of the
magnetic field sensor systens described herein. [0034] Figure 6 illustrates

a downhol e tool 610 within a casing_605, i d i th [
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magnet 0 ance)" sensors. | one enbodi nents, the system can be used in
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appendsshsof’ scorsliticned analog signalaonldybe digitizediandreadby apapplication gpecifices or acts

Ot e S P VR AR e St o dsaidibgiove oo
tables, a number of measurements based on position detection including linear or angular
displacement, speed and acceleration, or volume - as in the case of a container with a movable
object that is referenced to the volume and can be tracked by a GMR sensor. An example of a
volume indicator would be tracking a piston within a cylinder of a PVT system. In downhole
sensor applications the results could be used to affect some other downhole process or be
transmitted to the surface using current telemetry schemes. Alternatively, the sensor’s digitized
output signal could be transmitted directly to the surface for processing.

[0032] In other examples, a magnetic field sensor such as sensor 514 can be configured to work
on other movable members of the downhole tool. For example, referring again to Figure 3, in
one embodiment, piston 96 can include a magnet 190 attached to or embedded within the piston
body. A magnetic field sensor 191, such as an array of GMR sensors 192 can be located along
piston chamber 94. The magnetic field sensor 191 can be used, as discussed above, to determine

the location of piston 96, using magnet 190, and also to determine the change in location of the



WO 2012/ 011918PCT/ US2010/ 043031 What is clainmed is: 1. A system

conpri si ng: ~a noveable structure, noveable in at least a |inear
di recti onwoebefdiyast o a supporting structure; a magneti ecirivskelosesnsor
assenbly including a nagnetic field sensor; and a magnet, wherein one

of the magnet and the magnetic field sensor is coupled to the noveable
structure, and wherein the other of the magnet and the magnetic field
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[0033] In other embodiments, other moving parts within downhole tools can also utilize the
present system. For example, referring to Figure 2, the movement of extendable backup pistons
130 can be determined. Also, other downhole technology such as movable sensor pads, and
sensors attached to retractable linkages can be configured to utilize one or more of the magnetic
field sensor systems described herein.

[0034] Figure 6 illustrates a downhole tool 610 within a casing 605, in accordance with one
embodiment. Casing 605 is located down a well bore. At least one magnet 625 is located along
the length of casing 605. Magnets 625 can be located externally to the casing, inside the casing,
or embedded in the walls of the casing. A magnetic field sensor assembly 630, including an
array of GMR sensors 640, is attached to the body of the downhole tool 610. As the downhole
tool 610 travels down the well bore within the casing 605, the magnetic field sensor assembly
630 moves relative to magnets 625, allowing for precision downhole depth and position and
position change determinations.

[0035] In this example, the array of GMR sensors 640 is spirally placed around downhole tool
610. Such an arrangement of spirally, or circumferentially, placed array of sensors 640 serves
two purposes. First, the tool 610’s azimuth can be determined as long as the azimuth of the
casing magnets 625 is known. Secondly, GMR sensors 640 placed around the circumference of
the tool can ensure detection of the casing magnets 625 regardless of the tool 610’s azimuth or
its rotational position. GMR sensors 640 are highly anisotropic; a GMR sensor is only sensitive
to the component of the magnetic field aligned with it.

[0036] In various embodiments of the systems and methods discussed herein, other magnetic
field sensors can be utilized. For example, some embodiments can use AMR (anisotropic
magnetoresistive) sensors, CMR (colossal magnetoresistance) sensors, and/or TMR (tunneling
magnetoresistance) sensors. In some embodiments, the system can be used in an above ground
environment, for measurement of the movement and location of pistons or other moveable

members relative to a supporting structure.



wherein the magnet is |located at the piston and the magnetic field sensor
is located outside the piston chanber such that the nmagnetic field sensor

i s | ocat eglot201%8n8e the | ocati on of the piston within tlreTpisséionsmbanber to
ascertain the volune of a sanple fluid within the chanber. 3. The system
of claim2, wherein the magnetic field sensor includes an array of GWR

(gi ant magnet oresi stance) sensors. 4. The systemof claim 3, wherein the

GWR sensors are |ocated on a circuit board unt ed a}@]a{.cent t he gks on
charrbeﬁ0037]5A1thm’@h§§%il@ﬂﬁcb¥naEPrah%b2m deserigdin 1"&5“%9%? ftce P{’iﬂfggl e&@’ﬁfhol e
tool ing rHéﬂlg(% n%l&ﬁ AORL motb%%?érsttog@ kha EhE 08 e@t L@ Haned Ri thé Bppeadse bl y

W t hi nant ron tester too wherei n the PVT neasurenent assenbly
is in aﬂmﬁmn@tatebmamwuhmtddetodﬂn@spedﬁmfemrss onadtsdeserdeddabose. Rathgrethe| ui d

fromthe draw down pi st 2012/ 0 18PCT/ US2 043 The ystem
of cl aipgsific fegiwes %qﬁ%‘???ﬁﬁh‘g% boye pg, ?c Qfed As ﬁxar?ggggqrglsr?gﬁ%@?me%m% gl%wnhol e
tool agg.the magnetic field sensor is positioned to determne the |ocation
or the c ange of location of the magnet as the novabl e nenber noves. 7.
The system of claim®6, wherein the novabl e nenber includes a piston novable
Wi thin a piston chanber as part of a draw down probe assenbly. 8. The
system of claim®6, wherein the novabl e nenber includes a novabl e pad.
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9. The systemof claim1l, wherein the magnetic field sensor assenbly is
nmounted in a downhol e tool and the magnet includes an array of nagnets
nount ed twoaotpmigl e casing.  10. The downhol e assenbl ycafusedidionsoS:
wherein the magnetic field sensor assenbly includes an array of GWR sensors
configured to determne to the position of the dowhole tool relative to
the array of magnets. 11. A PVT (pressure/vol ume/tenperature) neasurenent
system conpri sing; a piston chanber; a piston located within the
chanbeWhahig claedise wi t hin the chanber to vary a vol une between the piston
and an ;a_nd wal : dof t he p: ston chanber, the piston including a magnet; and
a magnetic %le sensor .l ocated to sense the | ocation of the magnet within
t he piston (FEHEE CCMRBME e pyT neasur enent systemof claim 11%J wherein
the PVT neasthoeemd sthicire bveabledate@dastiatlinesr diredtumieddtevettoalsuppottdng The PVT
nmeasurenent system of claim12, wherein the piston chanber is configured to
recei verugtweginpl e fluid froma downhol e source. WO

2012/ 01191 85? gygllfé%%(}l]e% Qe‘}léglszgssembly including a magnetic field sensor; and

a magnet, wherein one of the magnet and the magnetic field sensor is coupled to the
moveable structure, and wherein the other of the magnet and the magnetic field sensor is coupled
to the supporting structure, and wherein the magnetic field sensor assembly is configured to

determine the relative position of the magnet to the magnetic field sensor.

2. The system of claim 1, wherein the supporting structure comprises

a piston chamber of a PVT (pressure/volume/temperature) measurement system,

wherein the moveable structure comprises a piston located within the chamber and
movable within the chamber to vary a volume in a fluid receiving portion of the piston chamber;
and

wherein the magnet is located at the piston and the magnetic field sensor is located
outside the piston chamber such that the magnetic field sensor is located to sense the location of
the piston within the piston chamber to ascertain the volume of a sample fluid within the

chamber.

3. The system of claim 2, wherein the magnetic field sensor includes an array of GMR

(giant magnetoresistance) sensors.

4. The system of claim 3, wherein the GMR sensors are located on a circuit board mounted

adjacent the piston chamber.

5. The system of claim 2, wherein the system includes a downhole tool including a
formation tester tool having a draw down piston assembly within the formation tester tool, and
wherein the PVT measurement assembly is in communication with the draw down piston to

receive a sample fluid from the draw down piston.

11



14. The PVT neasurenent system of claim 11, wherein the magnetic field
sensor includes a GWR sensor. 15. The PVT neasurenent system of claim 14,
wher ei n twe 2ER1s|8sor i ncludes an array of GVR sensor s pcoast@d/ 0mv3a
circuit board nounted adjacent the piston chanber. 16. A downhole assenbly
conprising: a formation tester tool; a draw down piston assenbly within the
formation tester tool; and a PVT neasurenent assenbly in

comuni cation with the draw down piston to receive a sanple fluid fromthe
draw down piston, the PVT neasurenent assenbly including a piston chanber

to hold a | o) i - Al I bhbé h h
8 PPid %ygt:%ﬁn (%fhéézti@h%%&n flethSonefisRb Sl @iat laGRe Bk Mbibérbftahe chanber

and novabl e 'w to vary a volune between the piston and an
end vvadldwx?fold toel pidshomaghetivifenld sdnser ipipesitionddric datgimineghetngatian ordheichange
magneti ¢ field _sensor assenbl 0 ascertain the volume of the sanple fluid
wi t hi noﬂlﬁ%"‘t‘@ﬁé’ﬁﬂ}?r@a@‘%asréﬁHB%’ia@ef‘?eé?ctber§’é°r¥§%r assembly having a gggneti c
field sensor, |ocated to sense the |ocation of the magnet within the piston
chanmber. 17. The downhol e assenbly of claim 16, wherein the magnetic field
sensor7.i ncl Tikesysten@fiRlaionG ovherein ghe mméabémmﬁwbprelnalslémmytoeﬂnwaa eyifhin a

wherein the sensor i ncludes an.arr GWR sensors | ocated on a
ci rcu!?1§t88ﬁpﬁ?\n%&ﬁpg ogﬁjﬁé“é ?W?REObSiagﬁ%ﬁjr??Chanber. 19. A net hod
conpri si ng:

8. The system of claim 6, wherein the movable member includes a movable pad.

9. The system of claim 1, wherein the magnetic field sensor assembly is mounted in a

downhole tool and the magnet includes an array of magnets mounted to a downhole casing.

10.  The downhole assembly of claim 9, wherein the magnetic field sensor assembly includes

an array of GMR sensors configured to determine to the position of the downhole tool relative to

the array of magnets.

11. A PVT (pressure/volume/temperature) measurement system comprising:

a piston chamber;

a piston located within the chamber and movable within the chamber to vary a volume
between the piston and an end wall of the piston chamber, the piston including a magnet; and

a magnetic field sensor located to sense the location of the magnet within the piston

chamber.

12.  The PVT measurement system of claim 11, wherein the PVT measurement system is

located within a downhole tool.

13.  The PVT measurement system of claim 12, wherein the piston chamber is configured to

receive a sample fluid from a downhole source.
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noving at | east one nagnet and at | east one nmagnetic field sensor relative
to each other in a downhole environment, wherein one of the nagnet and the
magnet i ¢ wpebrh/aensor is coupled to a noveabl e downhol epstrrusedigngsoand t he
other of the magnet and the magnetic field sensor is coupled to a
supporting downhol e structure; and determ ning the | ocation or the
ggig?gliglggg$;bgn of/the magnet relative to the magnetic field sensor. WO
2010/ 043031 20._ The method.of claim 19, wherein. the
magnet14.s | Bkt ¥l measugepraisypiom afiflaimal lpyhe IR g@ééf‘fbﬂ“‘éh’c&‘eﬁ he
nagne;gﬁﬂig§ﬁgrsensor Is located to determi ne the |ocation of the magnet as
the piston novés. 21. The nethod of claim 19, wherein the nagnet is
| ocated at a piston novable within a piston chanber as part of a draw down

b bl dth ' | el. Ny '
Pocati b of TeaR P Rmsisirement e iR ageteibe IR Shoar ]Sl sy 16°
wher ei ApR EernlBI8 M6datddl dnl £LifbuitHRSRT mbEntEPLJhGML the pastsloematdee t 00l and the at

| east one magnet includes an array of magnets nounted to a downhol e casing.
23. The nethod of claim 22, wherein the at |east one nagnetic field sensor

I ncl ud an ray of GVR.sensors configured to determne to the position of
t he doﬁiholé%%%o?élf%t\%c?%p?ﬁgg'array of magnets. P

a formation tester tool;

a draw down piston assembly within the formation tester tool; and

a PVT measurement assembly in communication with the draw down piston to receive a
sample fluid from the draw down piston, the PVT measurement assembly including a piston
chamber to hold a portion of the sample fluid, a piston located within the chamber and movable
within the chamber to vary a volume between the piston and an end wall of the piston chamber,
the piston including a magnet, and a magnetic field sensor assembly to ascertain the volume of
the sample fluid within the chamber, the magnetic field sensor assembly having a magnetic field

sensor, located to sense the location of the magnet within the piston chamber.

17.  The downhole assembly of claim 16, wherein the magnetic field sensor includes a GMR

Sensor.

18.  The downhole assembly of claim 17, wherein the GMR sensor includes an array of GMR

sensors located on a circuit board mounted adjacent the piston chamber.

19. A method comprising:

moving at least one magnet and at least one magnetic field sensor relative to each other in
a downhole environment, wherein one of the magnet and the magnetic field sensor is coupled to
a moveable downhole structure and the other of the magnet and the magnetic field sensor is
coupled to a supporting downhole structure; and

determining the location or the change of location of the magnet relative to the magnetic

field sensor.
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20.  The method of claim 19, wherein the magnet is located at a piston within a PVT
measurement assembly and the magnetic field sensor is located to determine the location of the

magnet as the piston moves.

21.  The method of claim 19, wherein the magnet is located at a piston movable within a
piston chamber as part of a draw down probe assembly and the magnetic field sensor is located

to determine the location of the magnet as the piston moves.

22.  The method of claim 19, wherein the magnetic field sensor is mounted to a downhole tool

and the at least one magnet includes an array of magnets mounted to a downhole casing.
23.  The method of claim 22, wherein the at least one magnpetic field sensor includes an array

of GMR sensors configured to determine to the position of the downhole tool relative to the array
of magnets.
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