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BACKGROUND [ 0001] During the drilling and conpletion of oil and gas wells,
it may bewoeoessassg to engage in ancillary operations, ®gthiSasiopvabuati ng
the production capabilities of formations intersected by the well bore. For
exanple, after a | 34 I bee nglpéef nes of interest
are often tested W@Mﬁe"ﬁé&gqgm gn % gﬁi[‘giﬁor formation
fluid characteristics, or to gather fluid sanples. Exanples of information
obtai ned i nclude fluid identificBACKGROUNR type fluid quality, formation
per nea Y, i L8 [ 0 and
For mat 110001 (RUERIRE SR CLALES) of R LR 30 3 S pRsR LT R el

det er minansihatyhperaciondyeiichi Al evedipligd ﬁqatprmc@ctn &dpeblhtiémfsfeﬁhz&ﬁ)nﬁ oftersddteans i S
vi abl e and how to oPpt m ze production. The acquisition of accurate data

from t Y themellbeis. iFor eximpleadfier g welboowell mtsiel i been Ayt @anasa inlerests |
Thi s V\ea.lrigf?&?tegtg& % E&Mfiﬁe Ysffls bantlEbe E)Fgé)@ﬁlets e glrﬁfaﬁ&ﬁ ;g gﬁhq%agtéﬁls%ésyﬂpf

hydrocarbon reserves, whet her the reserves can be produce roug
wel | borte,gathed flfialr sawqallés chatpdés efuinfargadon bbiaimgd opeudst flwidSderftiiofRin, Auid
downholetog sedto acquire nﬂgt t asa le of fluid fromthe
f or mat i '8PF Blflrrﬁtlt‘ 8% fegiaing pyBead! %ﬁﬁf%n%fIFIWMPEWSWT el i ne

| 0ggi Ng,BBRP&hI gmﬁfo%at% Fre&h Q(ﬁ@ﬂt Olfhe§e Ieetggw@eryttﬂnls@ iflbidet to@ktdrlaid) or
measurenent-while-drilling ( package. In wreline |ogging operations,

t he driwhethker comgnergalr expinrietion pbthet iheersgeted Hometiandismaaide raecrlrénw toopkimizer e
I d t he, wel | hat ud
i o IBPREYT g ten S RuRerana BimeoRt PAiaTl b Bk

oper at ifydfocaibdf WeBIaS UNeTRelbdre@hé @hebel k€6 Ab@fnind e tohetlcﬁtr arld quelity &g and
are ordinarily powered by batteries and controlled by either on-board or

r enpt e Tydrcadion §§8§tvewheth¢r theeseereyicpehg proglupgrdoheough élerfmltborﬁayn%é)ru’seéld for
engagi d acquiring the formation fluid sanpl es.

[ 0003] {}%{l%aﬂ)@%%ﬁ{ gsp@ I%Phe testing equipnment is subject to harsh
condi t i[00G2]i nAtdvevnivelel tbolre wied ithgeduine dhdi tedti nghnprlooe slaid fratn hafomandge and

degrade_the formation testing equi pnent before and during the testing
pr oces ORI eSS IPolsoRAY PF gk inncaniietion Bt Viseling1a2ging QREH AN dri | |

bit, 6)%% fl&lttO?a ﬂ{g‘g I{%‘ WG e m%if WI% %dr&g é v@ﬁlgg({]rﬂlém%)fﬂa&%é

hydr aulic or ces of 't o] rcu | ng mu
t enper dhwiedine dopgirgcopgpitiogs,ahe ik stt’rmg nmanmvetl éoti thg vedibberadtmagaiensit t he

si des of the I Ib re. Sen ive el ectronics, sens nd. even nmechani cal
componahtls e evased 5. BE eHbUSHE i IEHEY arle L HUe Preas Bl el wires 101
tenmper giNigsg ﬁ&%reﬁﬁ?(‘doﬁtrb]y fioRe Bt JufiEe. Vi B atwpn 1A VIO C; &ﬁﬂﬁl‘st ifgns  of
the drilling environnent, yet maintain accuracy, repeatabil |I€

r el i abith¢asyremepyoplyiaz¢ OB E®aNH U820l /504 1:0d are ordinarily powered bY batteﬂes

and controlled by either on-board or remote control systems. In these systems, a probe

assembly may be used for engaging the borehole wall and acquiring the formation fluid
samples.

[0003] With LWD/MWD testers, the testing equipment is subject to harsh conditions in the
wellbore during the drilling process that can damage and degrade the formation testing
equipment before and during the testing process. These harsh conditions include vibration and
torque from the drill bit, exposure to drilling mud, drilled cuttings, and formation fluids,
hydraulic forces of the circulating drilling mud, high downhole temperatures, and scraping of
the formation testing equipment against the sides of the wellbore. Sensitive electronics, sensors
and even mechanical components must be robust enough to withstand the pressures and
temperatures, and especially the extreme vibration and shock conditions of the drilling

environment, yet maintain accuracy, repeatability, and reliability.



[ 0004] As downhol e testing equi pnment gets progressively smaller to
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drill Rl & mhdrcbisl RoRpdfiBdrh@MoPiPRRicRSSEenbl y; [0011] Figure 6 is a
perspective view of an enbodinent oOf a piston of a piston accunul at or
syst em[0006] Figure 1 is a schematic view, partly in cross-section, of a drilling apparatus with a

formation tester;

[0007] Figure 2 is a schematic view, partly in cross-section, of a formation tester conveyed

by wireline;

[0008] Figure 3 is a schematic view, partly in cross-section, of a formation tester disposed on

a wired drill pipe connected to a telemetry network;

[0009] Figure 4 is a cross-section view of a section of wired drill pipe;

[0010] Figure 5 is a side view, partly in cross-section, of a drill collar including a formation

probe assembly;

[0011] Figure 6 is a perspective view of an embodiment of a piston of a piston accumulator

system,

[0012] Figure 7 is an end view of the piston of Figure 6;

[0013] Figure 8 is a longitudinal cross-section view of the piston of Figures 6 and 7;

[0014] Figure 9 is a longitudinal cross-section view of an embodiment of an assembled

piston accumulator system including the piston of Figures 6-8;

[0015] Figure 9A is an enlarged view of the seal assembly of the piston of Figure 9;

[0016] Figure 10 is a cross-section view of an alternative coupling between the piston tube

and the end coupler to capture the spacer, in another piston accumulator system;

[0017] Figure 11 is a flow chart of a method for accumulating formation fluids downhole

during a large pressure-temperature cycle using embodiments of the piston accumulator system;

and

[0018] Figure 12 is a flow chart of another method for accumulating formation fluids

downhole during a large pressure-temperature cycle using embodiments of the piston

accumulator system.

DETAILED DESCRIPTION
[0019] In the drawings and description that follow, like parts are typically marked throughout

the specification and drawings with the same reference numerals. The drawing figures are not



[0012] Figure 7 is an end view of the piston of Figure 6; [0013] Figure 8
I's a longitudinal cross-section view of the piston of Figures 6 and 7;
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DESCR l&%ﬂ@%le[%%%g% FflotHe: iR ied d b @FO%@{ Higt o1 B l@stra%@dpar ts
are tyRjecalvey HeRiked it i 81@NBUecognized that the different teachings of the embodiments
discussed below may be employed separately or in any suitable combination to produce desired
results. For example, the piston accumulator embodiments have application in the field of
high pressure liquid chromatography.
[0020] 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

2

limited to ...”. Unless otherwise specified, any use of any form of the terms “connect”,

“engage”, “couple”, “attach”, or any other term describing an interaction between elements is
not meant to limit the interaction to direct interaction between the elements and may also
include indirect interaction between the elements described. Reference to up or down will be
made for purposes of description with “up”, “upper”, “upwardly” or “upstream” meaning
toward the surface of the well and with “down”, “lower”, “downwardly” or “downstream”
meaning toward the terminal end of the well, regardless of the well bore orientation. 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 to mean all
generic measurement while drilling or logging while drilling apparatus and systems. The
various characteristics mentioned above, as well as other features and characteristics described
in more detail below, will be readily apparent to those skilled in the art upon reading the
following detailed description of the embodiments, and by referring to the accompanying
drawings.

[0021] Referring initially to Figure 1, a drilling apparatus including a formation tester is
shown. A formation tester 10 is shown enlarged and schematically as a part of a bottom hole
assembly 6 including a sub 13 and a drill bit 7 at its distal most end. The bottom hole assembly
6 is lowered from a drilling platform 2, such as a ship or other conventional land platform, via a

drill string 5. The drill string 5 is disposed through a riser 3 and a well head 4. Conventional

drilling equipment (not shown) is supported within a derrick 1 and rotates the drill string 5 and
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mani fol d 256 including various fluid and el ectrical conduits and control
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envi ronnent o e Sso pi ston urther condition soft piston
300 f orconguesmatmamﬂalnnam alapted (ﬁmrrsgstems dmrmdsiadng tthieexautpé, 26, 06(1) ace, @0 t he

soft piston ol i shed. r r enbodi ments, the soft
300 may 598 R R S R LA o S
treati ng,ARthQH:. %{dﬂ%?le&angmﬁy Skl ShaNoBOR GRGALES 30000200EHANCH

bet ween the soft piston 30 the netal lic cylinder or tube in which it
r eci pr ddatlesTiusmalgdieseter @ublw Ycrlelat: ot theschainber inpthiieh the soft @issamainpyry, and
capabi | et ween t nd the tube.at ely varyin

Cenper abtFiel UFER abiTiaTbns B SHEPiRele® el e Tl i, The

pi st on/vidb eenigeliRaeand complite dmapaliihg &vilosmentsdfend echifton. a preferred
operating range by variously tweaking the conposition of the Rul on,

adj ust i[8@3U heTafwthet conditignpiae gpft ptﬂtqns}ﬁ%@r oBpraliQsY ingthy esviromgentiedeseihser at ur e
of the I t f
t her m)pF| {Jte} SEI% edgl tp%ggf%%# %ﬁl ing pgel;ses%I eSR‘gq' p?ﬁz&glgfg%b rllltsbztihrﬁ: %)g

achi eveadstbo30a ngiyva@o bemeer atdtedcat TO$50°Fher vlaa’rhaliwslyC:lita:iS&EE ertiat inestiyf t he
soft piston 300 just described can be adj usted for a redeternlned and/ or

ant i ci pRf©d Pelﬁélﬂ% tagelt st P s serd t%{ﬁr&m et“é?ﬁ?e‘h%lﬁ‘tﬁ Bisfoyr30p pad & ¢
pi ston. métﬁ‘lh@%gzﬁrﬁfer?or oS ﬁ%g{cgﬁefééﬁlp gtéym%sg.4§&§ptreatments also optimize the

sealing capability between the soft piston and the tube at widely varying temperatures,
including low temperatures. In some embodiments, the piston/tube tolerance and sealing
capability is customized for a preferred operating range by variously tweaking the composition
of the Rulon, adjusting the amount or type of polishing, and/or adjusting the temperature of the
heat treatment. Because the soft Rulon piston 300 is a thermoplastic, a desired actuating
pressure of the soft piston can be achieved for a given temperature. Thus, the various
characteristics of the soft piston 300 just described can be adjusted for a predetermined and/or

anticipated operating range of pressure and/or temperature for the soft piston. In extreme



exanpl es of | ow operating tenperatures, such as down to -70F, the soft

pi ston can be custom zed to include a silicone seal in the seal recess 308.
[ 0031] | rwohel2stsdi nents just described, the soft ther roplEstio®48100 Rul on
pi ston material is nmechanically robust and chemically unreactive. In these
enbodi nen I.n . do vironment wth rati .ange

descri gcg%& B{eﬁé%qglf)gt 3 eqﬁén%skgpﬁ%%aérg{]is&%ﬁ% ) ({z)tf‘]x]él sgl?r P@ﬁdt?i%gsggu@gtgguccﬁ tfehat
damage dustotrieedse friclyde atsiitohSseavipithkeskal teb&sS08t pi ston does not cold flow,

t he soft £i ston_includes a |ow coefficient of friction, and the soft piston

i ncl udd80¢]osk the pebadirsatsdny dsealbphdhe sgfaBiermenlassic orkadon RIpaR At &t i cs
are adj . J.N -Gl ti ges
by many BT A R o BT 8 R A S IS U S RS

Ref er r iemgirdrondtit guithesperatiap darfges descebal, egistamds saftlrelagyvd wdhealrrandsg-tetect i on
view of the soft piston 300 are shqwn. The soft piston 300 includes a
cavity sgilbﬁﬁahﬁ’%%eéﬁawﬁsﬁtpﬂ%% 1:6,@?01_3%41 thego -R}i%d%wgﬁéﬁ . Bérielt Pt or
devi ce.indigesBNCLoc YR ®f $8G8hCthd Me kO phdh in¥luddOc¥le! BlcRROXYand [RGReal
assenbly recess 308 may receive a seal assenbly that can be customfitted
to get dapabilpiesf eFlrase chahetrasice srandiugpde dasadgonr dregpreddtentinedopdis tuativipayest em
as referenced above and e.ailed%éur her bﬁl W, éoq%%%é%n Figure 9, an
embodi MESEIDE "HRCHICERBPRATTS OF A BBEIMPATYOL AP SsBoVS shown i n

| ongi t ydo3m! RéRSHRIEFIduRR 24 8, A6 lehdvRY dnde 18ASitudRiabE/R8s-R0fon VB dBitsd On
accunul at or system 330 1 ncludes a cylindrical housing or tube 332 captured
bet weerfoftisteh30ap shayyn. chhepiolrpistas 00 Bglmdestheavity |3l f de the3ag preipn 32 Heigh
pressure tupi C :] a i r [Felel - VAL r. The
he: de e i BhaeBHigt MR AP AR heh BhePEP BE sl e G AU g
sof t oreppoNINMEhabdal Sss@hbllyaBeeds 38 ey oacslvy adesicasidngtdy ttandarebgagen Hitteditd he
honed surface 360 of the cylinder 332, provides a desirable interaction
bet weerget HE P5estremh todgianceh aid gpgrafner rangeoelathy Pt pResm. 3seefsrenced pbayetnd

bet wee g 34 and the cylinder 332 and fornms a chanber 342 with
t he soﬁetagl?%?gﬁwgg%o such as for hydrocarbon sanples taken fromthe

f or mat i[0033]e. . Figwe 9den enbddiméntsfacasseBdled gstompianmathtdretyvemrB30hestomth cap

336 and the.cylinder 332 and.faqr chanber 4 with the sof i ston 300
Couch da S issecian g ingudine heseBmrton I ' mitom aredniad’ SHem

spacer $3333&1uR4Q c%[iﬁdﬁ&ﬂﬁoﬁsh@@rQ@eygtzr!ﬁ?tu%d%'iwé%%tt%%n& @Eﬁ@r-coﬁfﬁ% SpaVhen
the end caps 334, "336 are coupled wth the cylinder 332 ends, such as by

t he t hridaddde cpimise B3Dmey 364jgh3Bessutettebingrreeh aapehedcisve high @ses37e nippiks
engage the.outer.tapered sur es .368,. 370 of th orr espondi ng, cyl.j.,nder
onge A St duh RTS8 B gt eliomhy B SRR RR P8 I E e

end capsftdthond@llicasitbi hdprel DuslPdeictiBl® and @h@lgeBiviONGe hPfidd REfatOBED ofor
shoul ders 380, 382 that are discontinuities in the inner cylinder bore 360.

The spdbeedindes’323pvidats desaablp inderaetpindebvesn dicadstpibaiyl Be cylindsr. 384, 386

bet wee er .3 7 i I f.aces
o ST SR 388 bR ORGRRE oD SR 5LRE 5

2012/ 0334868CI41SAMN] (HeOBt PBtannBOO thieh casl fondsidrdaarben 3athpldsntaR@grom the
enbodi nents, the spacer_ projections 384, 386 are preforned onto the spacers

338, 340™M3tUPnof-ReFTUERBBYI TERIST Sthe SpREET bohveNdRE PEhePaBR, 034l et @dfior ned
by def Oarﬁ%g%hﬂéfa éhgﬁlbép@me&iugg&tesﬁft%t%{@c@p@& SBF réﬁfctﬂlﬁ tEEDa ke

crinping undercuts 380, 382 a e en 334, 3 en the spacers are
capt ur dd shat webndinteetsctht ispeders 338 B 40rue mapgsiromtpelyethey ethtn lansmeIBEEK386 ar e

E??Rpfigbi%:gg@%}l t eefl:’]ndt cr;l%s gﬁ,i 3@ eal;e E:)’g’uzpleadn quit}tl rt]ﬁ:"e gyrlli?ldgraﬁi 6311 él’, suglcl)’ gs b{f] t}tlehe
threaded connections 364, 366, the inner tapered surfaces 372, 374 engage the outer tapered
surfaces 368, 370 of the corresponding cylinder ends. This engagement causes a crimping
between the cylinder 332 and the end caps 334, 336 resulting in undercuts, deformations,
projections, or shoulders 380, 382 that are discontinuities in the inner cylinder bore 360. The

spacers 338, 340 include intermediate projections or ribs 384, 386 between outer surfaces 376,

378 engaged with the end cap tapered surfaces 372, 374 and inner surfaces 388, 390 that extend



[ 0036] The spacers 338, 340 al so include fluid passages 392, 394 fluidicly
coupled with and between the axial bore 360 of the cylinder 332 and fluid
passages 80@01238%86n t he end caps 334, 336. Hydrocar bonPsargsk@s/0as1do
hydraulic fluid can conmuni cate through these fluid passages. \Wen the

pi ston .acc I r S 3 i pder re. eghd nto a

Por ot 105 ey BT bEESET Rl Pab Rl IR et dhGii o8y S5 By i o
passagesrmananis ieadpacets BES,i3ApUlls other EMBodilehRdBE spaér plvgdctiafie380nBeated to
a network of one or nore pipes and valves that permt fluid to enter and
pr eventformeg By rdedermatianioh fhe Hpacey | magdd ity therppaceredsio PRIVEEN he SEMPHE

val ves r{enO f i St e t L i ds
e R e e R
rel ati wylihdertané eoy lchpsd eThe3p@jeatichst 384, 88@ acapen 8Ftyred Bétweth ¢hespdimders3R38,
340 provide fitment Db een the cylinder 332 and the end caps 334, 336. The
spacer§m§%§e@iﬂW%$%%§%£ﬁVg?@W&H@ﬁSHFe§pace filling between the end

cap/ cylippstr RUQabRY 3381 B4bhR0SAEILdPHISEH PRss3AQ. 309Usdh filaiclyf fsipRal iRkt on
stroke is between the inner spacer surfaces 388, 390 and the soft piston

avoi ds bebmteadhe aialtbotehddOcofithpéyligdemiberand i BiB052g88 396, 368 BBihe Endjcaps 394
illustrate n enl arged, portjo f the soft piston ,300.incl i.ng the seal
hssenbl 1 558b A astsanPl anehitadis g it anBudeds giovan Mg did Bty 350
i ncl udewhén MegpistoR fac&PNNABE stent A3@aHE @wecyiRakbd 31 AetdBFBd tilte aSRihatinSt 0N
300 and the cylinder bore surface 360 for the desired operating ranges of

pr essurtesteinghch asframmation testepold, eQalpl 200, these HeldipagsasesmonynBBo1s Weh ikkess upper
and | W5 the %ﬂgéftﬁg’theﬁ%% ohfedt& .Oanl%%grksé%nel p@‘égerﬁﬁésagnﬁ V%R/%L khragpermit
conponent's , and ‘a center sealing conponen? . 1h exenplary

enbodi and & ertdrend pteaentsRAd o lepripothe kY Bnd®d 3321 The hegivork dfpipestaad halges
menbers and the inner conponents 354, 356 are nore pliable, nonnetallic

member € Pt eldthe MrmatomiseEriasesaryt fRBtyispeting S4ids fef Palypdnent s 352 are made
fromP T i i i flon
or comv YA 2 SREGTE S asRA AT GRRHADRDL Aot (A TRARCLRSTNENL | 356
may conpe erskcaps Y84,3360-The nppcers 388, 340 pmygiderfittecrit botwean theugtioddralSt anme thebased
on an al ternati opol yner o trafl uoroet hyl ene and. propyl ene (TFE/ P),
ol 0. KBRS SHELAE, Thte PR G D POV GUSEld R HORE DG e o

pl i abl &apihEndt eb@iIRBldnaNed ssTRbRIMAM, i@ @LAGE 86 Pl Srokefit 8BweaRthd he
group conpfising fludroel astomer, TFE/ P, Viton, and AFLAS(r) or Fluoraz(r).
The WO i@t 2p@3B48ERCTAEHBZ000nA48:1 9t pistahiamgide coarierithsthe aninfpengavndengésd i n
vari ou §5qﬁginations to achieve rigid outer conmponents and relatively nore
pliablen conponent (s). [0039] The seal assenbly 350 maintains a

dynam qoe3sjl Fighiret 918 invaabla &0frkeddpsiktion oBQRe kbt %mpg@)o WictlRlifga tigegaf

pressure (for exanple, fromanbient to 20,000 to 25,000 p.s.i.) and

t enper astpnebly P dispasaginethe pistnm sapprent 3% Uooetlgswatty 320 mskudes 4 blendiel
downhol ' ' t I 0

ay ont Fo e BEEReve Sl 0B RAES T b 00l STRRE OMIGEr B Bl o
t he sedbr asskersibddyo@tdlingSavgek lof prestune asdfeinpeidiron F30Bxdimplalttad Seabpaemblyl ity

and seal_integrity while also preservin? the high pressure formati on sanpl e
B

g i
recei vel?Obipcluies dPeeimanatloresydt arier THaliagreonpodeh Irat diteaprelisie ssaking
mai nt ai I : i it -G i er
T e A e e e e
f unct i oadingtopnpootntasdsy as rigidancemnttallib @ambeirt dndabainnauangp osenty B4 356 are

tenperature. capability. of eater than 400F, resistance to stron i.ds,
bacbs. i PHERERap Al BethaR: Frobtm ootiodiiees e Bt e Py T 20
resi stig hide ROSI PEME ThEsRATRIMRAhIND FmdAend® iS4 Ay RGERIe fRdyeash damage

to the inner cylinder surface, and piston "self healing"” from enbedded
sol i d pleapeispdetlor Lexit ring04The pemtemey primary apaingresyponentt3Sfperacempriscyc| e,

t he seal. assenbly 350.enpl| nul t pl e, conponent.s to sure seal, integrity.
The centifh g g st edd o SufiskERRoBERY bo it ARR e SRty 621
bet weenetdfRioRlclylihe 30K Achyldie (THEFP), Silsd a@ewa6&: AFIIAR® cl IM@edz@332In As
pressure and tenperature increase, the sealing conponent 356 tends to

def or mdgpeeading ey of aigfq fospliabley thefafersmentigned snyieidhus osdred: PN ledlen.

adj ace t | i k t { C Nt~356
gn; ot e SRS, SARIPRRE LR TTRAS Vi, WHE SO AMANSII R
rigid than the sealing conponent 356 to ensure proper support. As pressure
and tenperature continue to increase, t@e seal i ng conponents undergo
addi ti onal undesirabl e deformation. A second set of backup rings is

provi ded as sealing conponents 352, which are nore rigid than the sealing
conponent 356 and the sealing conponents 354 to ensure proper support.
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[0042] Turning to Figure 10, an alternative enbodi nent of an assenbl ed end
of a piston accunul ator system 430 is shown in |ongitudinal cross-section.
The pi st omoaorunssdsat or system 430 includes a cyl i ndri calpCraiseolon4sioppl e 432
captured connected to an end cap or coupler 436. A spacer 440 is captured
bet wee 4 - 1 nder . f .a..ch 444 with
the sor U BEEaRofiafl Cdbsanint dEn LI RlRE ALK, deBIeTE G HRT PRIttt e
ni ppl e #h32elativety morsilableddter camfoidngs)spacer 440, as shown and previously
described, a gﬁand and nut i{sten1is provi ded. More specifically, a gland

460 t hriB93%n| Jheoprghgissmbly 350 maiing pdyaBl Ssak for she moseable sofe Pisinnes
surfac i r i

b eadal pe I A GBRE o e Al ehor L b ER RN P ROZ05% B P 4B s e
gl and aadparatiresifot enmipk, femumddentttd100 D K)apeuteeld n shir daodsleamvirbiemenupl er
436 en ed the outer tapered surfaces of the nipple 432 and the spacer 440
2 shouniiig %F@F%urf@?%%@e@ﬂasgté {OrR et 4o gfﬁ? AP Bt REER" Ehdhi ppl e
and t heeaEMRIRY, HRS Wall RY ahibidd AL GhISassARHIQT P9 hORNRI R MeCG PR/ R0

shoul ders that are discontinuities in the inner cylinder bore. As

pr evi ousdiytagheaperabbisy and $ral mprgcier whitcdlsapreserpiog thedngh prassufd formatidnesapplier cut
or discontinuity. The spacer 440 i.s, captured by an es _not. npve rel ative
0o ¢ ho O RdRY e S0GRARGE uimy oPnd 3Bt Holi BBt 55 o GmiBY & FFiEnt

bet weenolehfic€ ¥t krdgiktoARtH e BeHbl &ylinddievep arere 44R-BMPYERS c{at efmnce or
space filling between the end cap/cylinder coupling and the soft piston,
such t Héto prewiding pdditienal dkactionaliyst suek st fesisianerefo Spatcwith sapnfinuons sgrideet he
soft pi Oi t ac ] h i npi und ts,.. 40 e _pi.ston
zccunol S BIEHRHRY sl bRt R BESUEH S Bl B4 pBb"L 00,
pr essurdwihbvlelhb@ichlspfedistandeoio odlphigh @lectrlcdl @siktivat pbditwat prosiudsextirig at@ise ot her
fluid anal yses. The piston accunulatorjiéstenlincludes better resjistance to
har sh didomifaes-oisdicsdi dignagaigdle gmepculindsr sudpg. pednpistort uel heqliagafrom
dianetQ%ﬂ%ggﬁﬁgahhhMQIgﬁﬁkgpplications, t hrough various conbi nations of the
soft piston design characteristics, the seal assenbly design

char act[@04(dt | Dsiing the shan@cksame tqnoperatnedtycly) thader ablemb]y 3{derhpleysmpabiptes i n

the cylinder. The soft npi.ston er maintains structural and seali.
|t eqr (SRS PSS FD PR RE P ey PaEl DS e s SR A TS
mat eri ghe BRKAHPs@] bEdiRes M pibloR {300 dmBSHE thet Bufd@SHOL A BE *DGRRr 3R $8al i ng

t
capabilities, resistance to cold flow, a |ow coefficient of friction,
r educedrelangged eroparatng ingreaseethaseaing epinpagent 356 exids taadedern ondesiabland

The sont ieEPowElit P € saf FLPRe ERAGTRE AT e PrirSpPUEaR (P Bicude T

smal | dh@peligs cOhpbridit Y50 aiinsENéfbiaiRIon. VihielsealloS@npeseiityRdatichbed Mdve,
descri bed pressure-tenperature cycle. A sized §omm soft piston and
accunulag arore yigide thaa dhe bealing mesweaent i ROJo s ERi OPAH FUPPUW |Asnaesspregand
formati er. .\t hout . | eas] e i [ o | he.
Addi ti don ‘%r;g/‘i%}et ﬁ%ﬂﬁs@% ‘i%nbd‘:fc}g‘%eag‘?% {Ltgf‘lté‘g séﬁﬁﬁ%ngoﬁ@%ﬁ tag‘%“g‘tr‘]ag ‘Ie‘lrﬁl%yﬁalé’!aed by
t he nuldeforgatimmnanieconBe? Ol BARIB 4B PETHrSGaEILE L4BIDEmmkntaSS2Mohigh are

i ncl udi ng a_prinarﬁ, pl.iabl e sealing nenber and one or nore sets of nore
rigid HRYRUIEISEEN; A SR SABAPIENt B6aRd (e i ePapRORBRBISPT (S SRurg ROPSOf t

pi st on r 4 i i i ed
PR LB A o iR st e b I R R e
spacer predaies ded tangpeataies bk dathiag vpvin ditdvoedingnaberpputg 356 witls terdealmg ti es

bet ween the cylind nd the end caps. 044] Based on these vari ous

e oo tahopss S RS Rdnd (RefTR: BB AR e Comp e maEa Rl ot or

embodi MBMY ameuf: Endr@, (SR Flst¥h B0 bitscal BIEHYYII5098S 84sRhih&Nint 00! S
nbodi ey AaRthddeind M/% 60 o k t ool

(RDT), drill stemtesting (DST), formation testing, and high pressure
| i qui d actmadinetlwge agshignulater systemp, bushsih ferrfdrmdgtivarestere nvimalidremetsr tophgiriggsst em

|1 i cal - VT | ysis d hol e.
Fur therdt iy APRRREH i TTRASPURO RIS, G PR SRR Ry e

resul tilageipleds@®tepah@re Sdld hs Hectibed abSrakhigs tHRad¥pl &svablyn®Es®) hemésnd 0
smal l er tool cross-sections, in turn resultlgg in accessibility to nore

f or mat i 6Hingontegrighwith 4he lighle Hurcesealiag capippneid apg @t keagt e €k iohguist rigide

drill aqr r ing. [0045] A piston accunul ator systemw th one or nore
of thqulggé%gﬁgﬁgg%eristics or capabilities may include a cylindrical
housing with an axi al bore extendi ng between end portions of the housing, a
soft piston slidably disposed in the axial bore, an end cap coupled to each
end portion of the cylindrical housing to contain the soft piston in the
axi al bore, and a seal assenbly di sposed between the soft piston and the
axi al bore, the seal assenbly conprising rigid outer conponents and a

o o " —— Y e o, . o



seal i ng conponents conprise Teflon, and the pliable center sealing
conponent conprises at |east one of a fluoroelastoner, TFE/ P, Viton,
AFLAS(r) woaolasesaz(r). [0047] To reduce discontinuiti @esTarsdoiengiine a
snoot h piston stroke in the cylinder bore, the piston accunul ator system
may in er bet n - h. housi nd
por 1 on0Vfler TRREe FHRRs 1S dn 2GR, SAERRRE: 67 AR L B

W th amcowhélatol apeshed3Eisishawe irlon il uskNgcaol P piston Sccuaidatvhgseinn an
outer tapered surface_ of the spacers engage the inner tapered surfaces of
t he end"3Pdpdudes g whndriahBbaioraip 432 rar8itcengeqietioiend sap gt eeuriiirBace
engagedy W . i ' . I i i on
R i R R e S L T
cap to 444l weittarhewoftepistan (farshrednbeTopespenpwapagg theadapetee wnfdcasaggshe hipple
spacers be non allic and include materials djsclosed herein to

pr oper |‘§?5§?§e& SRR Hsrpacs Al 8@%@%@8? @reewaQ. ffq&%ﬁ'%eﬁe? clap and Bdcers

may i nchuds @ ddwid PRRSAGR i di £EMng 24P igdadslyaRAdshE 1R AL RRA&Of the
housi ng”and fluid passages in the end caps, wheréin t%e fluid passages

communipeatian 445 ¢f the petenweriaco bl traipple Adt. eApiupd<0 dnenrdablly\eagagehatrigheharidt

fluid tp enter and eyvent . fluid.fro eavi hg the cylinder, bare 048] In
one. ertiDRaRRortoh 4P BT et itk o, S Gioboed il s "A° by A st

housi ngyWikinhis aBci@¥d, athe Bfre tBpek@nsliriged st WReUBRE 4BOTnbARY @E Julte tiRusl Ny, a
soft piston slidably disposed in the axial bore, wherein the soft piston
conpr i segaees of Begriprin &3 %indrirEager A 0fas sk vyt istlggrrd ORUhisrengegesweat caasesanb| y

di sposed. he t . pi . aXi , ~ Ly
comor s <R B bl el B bR SRR LBt aledB R FSREIRY | cap
coupl edbrtshoglae® te i distondinuitibs i theCyhdrngtindea!bofeudis fgetioustodésaiibed, g sof t
piston in the axial bore, and a spacer captured between each end cap and

each hoRaHE Bl RrtPHIRAC fikoe negGrt/ar dcPafay @ndac sercef it & ceatured byet hod
(500) Q0 RECHIh& ﬂ%&ti@? EJ%E'c?H%Je& UbSIg,§l e U&ﬁh@r A48 1 Pl Ghabd AR Brovides
pressure-tenperature cycle incfudes noving a soft piston’in an axial bore
of a nditalencldtivaelr theadylindersamigthe ccodplaw  fIte rephdeo @40 o dges tolavartch eorlxpaee
(502), al [ ng between the soft piston d the.bore of the netal housing
with & PIreBrEermEeng srevEne shPine auf ts el Cutupat G Haciioh fup t he
pl i abl e)etyd@r he OfFRAN §ceMisiidaced Ghd @LILE FRIBRONRMNSS c@tadt NGiS 8RR RRDRIED! ¥
(506). In sonme enbodinments of the nethod, the formation fluids may be high
pr essurwmdémnivati on flui ds (508), and the nethod may further include
mai nt ai pj vabi | it i ntegri .and close tolerances of the soft .piston
wit hi n DRSPS o emiliBhmbinGG b1 B8P b B RE%ER & bt Pl e

f or mat itggh presduels dowdible filifue, foir @PtieH RS IRn{i0ERBA 120 Rvelll 441 siBerBl)id lahglsede a
pressure up to 25,000 p.s.i., and a tenperature up to 450F. In certain
enbodi nEStEste agcHEuipsrgefemtindudss britergetpanse te harshpadipide QparEng svgpoefent

For mat 155U PYS b BE R REARE Bk Bt pukoR AR08 BT oBEBR N ¢
r ef er enombimatibhgol the 1@t panoit degign Bhdacdri{tk®0he teil agembiudadignnafaoterigidson

flui ds downhal e duning a_Iar%e pressure-tenperature cycle includes noving a
sof t pitB¢ Benedmndmolished (cyliegtes beje. andq e 4paceis|ip dfy ¢IAfeth s sRY PKCHMENbH: gh

pressureg,: I | 3 r ]gg%ﬁ- ] . t
pistonIgﬁgg%ﬁghtgggﬁgyig%ghggﬁg%ﬂﬁgﬁgfﬁ%gmnt dg%p ﬁggﬁgggﬁﬁgﬁaggﬁﬁgﬁgit of
a seal thssemdbiay njd@d) of bbe lsoft pivpn trdseltplin abise toleraarescamperading capdbiliteespai r

of less pliable i rmedi ate canponents of the seal assenbly in response to
Che hi groppaedtcalt fpimt 1GH SPPARHS! CbBBYon o SACRIHGE ot A (e TBRRAb o
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assenbly in response to the high pressure formation fluids (608). The soft
pi st on partetlasheTheadlt rpstero matemialst &sarallow rredingl dowheofnthe epstert $oragsediesmalbed
herein.,.The soft %;st n resis S thﬁlhigp QressuQﬁ.fongation.fluids to
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formation fluids (610). In additional enbodi ments, the nethod includes
capt ur iexétiag Alemnkteatt] 4 formptieietestsenitber leqieaspier the dmsr dramekes of yhg Heiw iling
metal h i . her e - ANEN . each
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pi ston between inner surfaces of the nonnetallic spacers (616). In sone
enbodi nents, prior to the previous StGQ§, the nmethod includes creating the
soft piston fromat |east one of PTFE plus fiberglass and Rul on (618),
polishing the soft piston (620), and heat treating the soft piston (622).

[ 0051] The enbodi ments set forth herein are nerely illustrative and do not



WO 2012/ 033486PCT/ US2010/ 048100 CLAI M5 What is clainmed is: 1. A piston
accunul ator system conprising: a cylindrical housing with an axial bore
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Corrponepr;;[:ssures and temperatures is also increased with a piston accumulator system including a
honed and polished bore, and spacers that define a stroke that avoids bore undercuts or
discontinuities between the cylinder and the end caps.

[0044] Based on these various characteristics, the soft piston member and the piston
accumulator embodiments are adaptable for use in wireline, reservoir description tools (RDT),
drill stem testing (DST), MWD formation testing, and high pressure liquid chromatography. In
very harsh and dynamic environments, the system allows physical pressure-volume-
temperature (PVT) analysis downhole. Further, the system allows micro-PVT, i.e., PVT with
smaller samples resulting in less waste. Still further, smaller sample volumes leads to smaller
tool cross-sections, in turn resulting in accessibility to more formation zones and narrower
holes, as well as reduced sticking of the drill or work string.

[0045] A piston accumulator system with one or more of the above characteristics or
capabilities may include a cylindrical housing with an axial bore extending between end
portions of the housing, a soft piston slidably disposed in the axial bore, an end cap coupled to
each end portion of the cylindrical housing to contain the soft piston in the axial bore, and a
seal assembly disposed between the soft piston and the axial bore, the seal assembly comprising
rigid outer components and a pliable inner component. The soft piston may be nonmetallic, or
include PTFE plus fiberglass, Rulon, or a combination thereof. The soft piston is operable
during a pressure-temperature cycle including ambient to 25,000 p.s.i. and ambient to 450°F.
In some embodiments, the soft piston is captured in a small volume of the capped cylindrical
housing such that the system is connectable into an existing flow line of a formation tester. In
certain embodiments, the soft piston includes a polish treatment wherein the polish treatment is
adjustable based on a predetermined operating pressure or temperature of the soft piston. In
further embodiments, the soft piston includes a heat treatment wherein the heat treatment is
adjustable based on a predetermined operating pressure or temperature of the soft piston.

[0046] To further enhance the pressure-temperature cycle resistance capabilities of the piston
accumulator system, the seal assembly may include a pair of rigid outer sealing components, a
pair of pliable intermediate sealing components, and a pliable center sealing component,
wherein the pliable intermediate sealing components are more pliable than the rigid outer
sealing components, and the pliable center sealing component is more pliable than the rigid
outer sealing components and the pliable intermediate sealing components. In some

embodiments, the rigid outer sealing components comprise PEEK, the pliable intermediate
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2. The piston accunul ator systemof claim1l wherein the soft piston
conprises at |east one of PTFE plus fiberglass and Rulon. 3. The piston
accurul atwo 281281384860f cl ai m 1 wherein the soft piston i eCopseabloesiduri ng a
pressure-tenperature cycle including anbient to 25,000 p.s.i. and ambi ent
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the pliable internedi ate seal i ng conponents conprise Teflon
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fl uor oel sto Viton FLAS(r), and Fl uor,az
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system of claim1l wherein each end cap includes an inner tapered surface
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t he spacer s’ ’engag i nner ‘tape urfaces o
housing and ﬂuld passages in the end caps, wherein the fluid passages communicate with a

network of one or more pipes and valves that permit fluid to enter and prevent fluid from
leaving the cylinder bore.

[0048] In one embodiment, the piston accumulator system includes a cylindrical housing
with an axial bore extending between end portions of the housing, a soft piston slidably
disposed in the axial bore, wherein the soft piston comprises at least one of PTFE plus
fiberglass and Rulon, a seal assembly disposed between the soft piston and the axial bore, the
seal assembly comprising rigid outer components and a pliable inner component, an end cap
coupled to each end portion of the cylindrical housing to contain the soft piston in the axial
bore, and a spacer captured between each end cap and each housing end portion.

[0049] Now with reference to Figure 11, a method (500) for accumulating formation fluids
downhole during a large pressure-temperature cycle includes moving a soft piston in an axial
bore of a metal cylindrical housing to draw formation fluids into the bore (502), sealing
between the soft piston and the bore of the metal housing with a pliable inner component of a
seal assembly (504), and backing up the pliable inner component with rigid outer components
of the seal assembly (506). In some embodiments of the method, the formation fluids may be
high pressure formation fluids (508), and the method may further include maintaining
movability, integrity, and close tolerances of the soft piston within the bore of the metal
housing while receiving the high pressure formation fluids (510). The high pressure formation
fluids may include a pressure up to 25,000 p.s.i., and a temperature up to 450°F. In certain
embodiments of the method, the backing up of the pliable inner component with the rigid outer

components is in response to the high pressure formation fluids (512).
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WD 2012/ 033486PCT/ US2010/ 048100 10. The piston accunul ator system of claim
7 wherein the spacers include an outer surface engaged with the end caps,
an i nner worbheos34sand an i nternedi ate portion includi ngPaTarSe¢1008$100
captured between the housing end surface and the end cap. 11. The piston
accunul S 0.0 |al ej | pher nface nd
oot HEOR), SRBGP lrtie e T el inTREF o) MRS AETRLERENT, o,
syst emffidcd@iihol digel large peessinasanseratn® dde iaclhlies oyag aage pidied o 4l y
coupl ed between the axial bore of the housing and fluid passages_ in the end
caps, avérl RREr i hmerbeylindrigalissingde degniighirsesewe pipatign {Bidsointe B¢ befe or
nor e pi rat il t \ g m
oavi ngoeRe ey RS el hiap i ors bRt e B PN P by
wher ei rcohdpengoiof a pead ioambhc(604)e backinpavy thy ptigble emer cenonsetngidr a par geliess

menber. . 14. A piston accunul ator. system conpri si ng: a_net al

cyl i ndrﬂheélue W&E@F%t%ﬁ?fﬁp%?‘éxi’glth%é‘? B ilﬁgrﬁég?%etﬁ t%ﬁd?lgﬁrmrﬁ%ﬂﬁgﬁ of
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i nner
herein. The soft piston resists the high pressure formation fluids to maintain movability,

integrity, and close tolerances of the soft piston within the bore of the metal housing while
receiving the high pressure formation fluids (610). In additional embodiments, the method
includes capturing a nonmetallic spacer between end portions of the cylindrical metal housing
and end caps thereon (612), filling an undercut between each end portion and end cap with a
spacer projection (614), and moving the soft piston between inner surfaces of the nonmetallic
spacers (616). In some embodiments, prior to the previous steps, the method includes creating
the soft piston from at least one of PTFE plus fiberglass and Rulon (618), polishing the soft
piston (620), and heat treating the soft piston (622).

[0051] The embodiments set forth herein are merely illustrative and do not limit the scope
of the disclosure or the details therein. It will be appreciated that many other modifications
and improvements to the disclosure herein may be made without departing from the scope of
the disclosure or the inventive concepts herein disclosed. Because many varying and
different embodiments may be made within the scope of the inventive concept herein taught,
including equivalent structures hereafter thought of, and because many modifications may be
made in the embodiments herein detailed in accordance with the descriptive requirements of
the law, it is to be understood that the details herein are to be interpreted as illustrative and
not in a limiting sense. For example, the piston accumulator embodiments have application

in the field of high pressure liquid chromatography.
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an end cap coupled to each end portion of the cylindrical housing to
contain the soft piston in the axial bore; a spacer captured between each
end cap awo02em0133436usi ng end portion. 15. A nethod for pataseubatsing
downhol e formation fluids conprising: noving a soft piston in an

axi al bore of a metal cylindrical h@ﬂghgs bet ween end caps of the netal
cylindrical housing, to draw formation uids into the bore; seal i ng
bet ween t he Walittis plaghe@ris:and t he netal cylindrical housing bore with a
pliabl e inner conponent of a seal assenbly; and backi ng up the

pl i abl ei nnet PEERFSHERRIARE tY$te) 6RTBPER%r conponents of the seal assenbly.

16. The met hod of a| 1 : etk on: ol gl ' ure
formation fIuidsflgﬁghﬁﬁéiﬁﬁﬁﬁigﬁgﬁ%ggﬁ%%%ain%ggﬁﬁéghﬂ%ygﬁgﬁ??%ﬂggﬁt e soft
pi ston w t hhousinge bore of the netal housing while receiving the high
pressure formation fluids. 17. The method.of claim 16 wherein the high
pressure fornatiﬁﬁoﬁﬂﬁ$@§ﬂFﬁé@G@?°§”ﬁP@§§H@§%H$*to 25,000 p.s.i., and a

tenperature up topddiap coupled to each end portion of the cylindrical housing to contain the
soft piston in the axial bore; and
a seal assembly disposed between the soft piston and the axial bore, the seal
assembly comprising rigid outer components and a pliable inner component.

2. The piston accumulator system of claim 1 wherein the soft piston comprises at least one
of PTFE plus fiberglass and Rulon.
3. The piston accumulator system of claim 1 wherein the soft piston is operable during a
pressure-temperature cycle including ambient to 25,000 p.s.i. and ambient to 450°F.
4. The piston accumulator system of claim 1 wherein the soft piston is captured in a small
volume of the capped cylindrical housing such that the system is connectable into an existing
flow line of a formation tester.
5. The piston accumulator system of claim 1 wherein the seal assembly includes a pair of
rigid outer sealing components, a pair of pliable intermediate sealing components, and a pliable
center sealing component, wherein the pliable intermediate sealing components are more
pliable than the rigid outer sealing components, and the pliable center sealing component is
more pliable than the rigid outer sealing components and the pliable intermediate sealing
components.
6. The piston accumulator system of claim 5 wherein the rigid outer sealing components
comprise PEEK, the pliable intermediate sealing components comprise Teflon, and the pliable
center sealing component comprises at least one of a fluoroelastomer, TFE/P, Viton, AFLAS®
and Fluoraz®.
7. The piston accumulator system of claim 1 further comprising a spacer captured between
each end cap and each housing end portion.
8. The piston accumulator system of claim 1 wherein each end cap includes an inner
tapered surface engaged with an outer tapered surface of the housing end portions.
9. The piston accumulator system of claim 8 wherein an outer tapered surface of the

spacers engage the inner tapered surfaces of the end caps.
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WO 2012/ 033486PCT/ US2010/ 048100 18. The net hod of claim 16 further
conprising backing up the pliable inner conponent with a pair of |ess
pliabl e iwDepmadB4be conponents in response to the hi ghrprassuom4§100 mati on
fluids, and backing up the less pliable internedi ate corrponents with a pair
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pressure’ fornmation met ho urther conpiising:

capt ur iggagedvariE @hd capsspai@aér daeﬂ'aw afid em tht@alktia@sresn ﬁlbﬁdﬁlglm projettoal
met al housi ngﬁand end caps there filling an undercut between each

end por@Pyied &V‘*éﬁdh%léfﬁlswgteﬁdéu%ﬁééﬁl thsreaflé88-i on; and noving the soft
pi ston Qet }% B racéfﬁ{ﬂcl?c&e ?P'gs%fm topglaﬁﬁ' ri@fe\kﬂérélhcthé &f ﬁmer ?LQfacJé‘&t&%t hod

of cIa|m15 er conpri si rior to rewosses creating the
sof t piistoahe aimaimoeetoﬂthasylindnealdnbumg:E plus fi ber gI ass and Rul on; polishing
the sof t pl Slr'he plstgr? gccrlllgl%tlat(t)rr s%%tteimngf (glzrillgl f%&]:hterem ﬁle spacers include a fluid passage
fluidicly coupled between the axial bore of the housing and fluid passages in the end caps, and
wherein the fluid passages communicate with a network of one or more pipes and valves that
permit fluid to enter and prevent fluid from leaving the cylinder bore.
13. The piston accumulator system of claim 1 wherein the soft piston includes a cavity to
receive a sensor target member.
14. A piston accumulator system comprising:
a metal cylindrical housing with an axial bore extending between end portions
of the housing;
a soft piston slidably disposed in the axial bore, wherein the soft piston
comprises at least one of PTFE plus fiberglass and Rulon;
a seal assembly disposed between the soft piston and the axial bore, the seal
assembly comprising rigid outer components and a pliable inner component;
an end cap coupled to each end portion of the cylindrical housing to contain the
soft piston in the axial bore;
a spacer captured between each end cap and each housing end portion.
15. A method for accumulating downhole formation fluids comprising:
moving a soft piston in an axial bore of a metal cylindrical housing between end
caps of the metal cylindrical housing, to draw formation fluids into the bore;
sealing between the soft piston and the metal cylindrical housing bore with a
pliable inner component of a seal assembly; and
backing up the pliable inner component with rigid outer components of the seal
assembly.
16. The method of claim 15 wherein the formation fluids are high pressure formation fluids,
and further comprising maintaining movability of the soft piston within the bore of the metal
housing while receiving the high pressure formation fluids.
17. The method of claim 16 wherein the high pressure formation fluids include a pressure

up to 25,000 p.s.i., and a temperature up to 450°F.
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18. The method of claim 16 further comprising backing up the pliable inner component
with a pair of less pliable intermediate components in response to the high pressure formation
fluids, and backing up the less pliable intermediate components with a pair of rigid outer
components of the seal assembly in response to the high pressure formation fluids.
19. The method of claim 15 further comprising:
capturing a nonmetallic spacer between end portions of the cylindrical metal
housing and end caps thereon;
filling an undercut between each end portion and end cap with a spacer
projection; and
moving the soft piston between inner surfaces of the nonmetallic spacers.
20. The method of claim 15 further comprising, prior to the previous steps:
creating the soft piston from at least one of PTFE plus fiberglass and Rulon;
polishing the soft piston; and

heat treating the soft piston.
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