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USE TECHNI CAL FI ELD The i nvention provides ball piston steering
devi ces andwnldests for use of ball 5piston steering deviceas238CKEROUND
Controlled steering or directional drilling techniques are commonly used in
the oil, water, and gas industry to reach resources that are not |ocated

directly bel ow owel | d s .of directional drilling are
wel I known and %%\ggﬁﬁg%ﬁﬁ%ﬁf\& g’%%@%ﬁ“?%%ﬁ’ﬁ)@?@ WnéleE vertical
access is difficult or not possible (e.g. where an oilfield is |ocated

under a city, a body of water, or a difficult to drill formation) and the
ability to group muitiple mllhzgﬁﬁmﬁé\h%@ﬁ%le platform (e.g. for offshore

drilling). Wiﬁehmllgt%sd?\e&gmfj@§ hall brsid’x‘%t@énn(?@%’;&%twdﬁ%?@!ﬁéq 18251,

i nproved and nore efficient apparatus an ogy or extracting
natu@alpﬁ@%b@ﬁ%ﬁﬁﬁﬁ@ﬂ&@&the earth are necessary, SUMVARY OF THE | NVENTI ON
The i nvention provides ball piston steering devices and nethods for use of
bal | 20pi ston steering devices. One aspect of the invention provides
a ball piston steering device in&AgddgOUALSI eeve in fluid connunication

wth a fluid- and. celvied within the sl

movabl e i ¢ hF o e ST o8 of Burr e PEud B Hebdbles 3 it expa ity ot ©

gofsi t i owater, and gz«ﬂmnﬁuﬁ&ﬂeaéa?amsbam&sSfeﬁl@l?@lwoﬂﬂbeﬂéﬁ aeatiE. helhe a’:zba| | can

ef| ect t ice.fro n the exten posi tion.
The! Gal Wellfection et aleniges 86 T in I TR I gRoR adngues Ihe SHBkien ty & o
the sl epweh rdhigvaiRMven@atveicat hecdeald diffRuRBr ﬁéﬁt;ﬁﬁq% @%W@@aﬁ%ﬂf&é%@e the
bias pad to rise and defl ect the steerlnq device froma well bore The bias

pad can'“fR\PEtNEET 2 &itpistodmid vetele feadifficylite dil doraiptiont ammbine alllitykvoves to
exhaust glfoluﬁ'n% !‘iﬁ!@@&qm@acfsl H 8 sHRW SistorhG. & 118 St BH G8nk@N Pe a punp. The

bal |l can
Wsih ihe need for oif, water, and natural gas increasing, improved and more
15 efficient apparatus and methodology for extracting natural resources from the earth are

necessary.

SUMMARY OF THE INVENTION
The invention provides ball piston steering devices and methods for use of ball
20  piston sieering devices.
Une aspect of the invention provides a ball piston steering device including: a
sleeve in fluid communication with a fluid source and a ball received within the sleeve.

The ball is movable within the slesve rom a recessed position and an exdended

gosition,
25 This aspact can have seversl embodiments. The ball can deflect the steering
device from a walibore wien in the extendsd posiiion. The ball pistosn sisering device

can also include a blas pad in proximity fo the slesve. The movement of the ball fo an

axtended position can cause the bias pad fo rise and deflect the steering device from a
T

walthore. The bias pad can pivot about 3 pin. The slesve can inciude ong or mors

{2
o

grooves to extaust fluid from the fluid source. The fluid soures can be a pump. The

ball can be a metal ball,



Anot her aspect of the invention provides a steerable rotary tool including:
a rotary cylinder and one or nore ball piston steering devices, |ocated on
t he ext erwononfossdve cyl i nder. Each of the ball piston stegnspaodessites
includes: a sleeve in fluid comunication with a fluid source and a bal
received within the sleeve, The ball is 5movable within the sleeve froma

recessed position and an. extended position aspect can have several
enbodi nent s. k ! %%)EGFOWE%“WEW et 83%1@%{@%% RPN RIESEIE Nl ude

a bias a@sdmwam 0¥ B frivrd Ball PStcd| 88U dHiR-RDKEARALNhe BRRBALI kO an
ext ended FOSItI on can cause the bias pad to rise. The bias pad can pivot

about aCPinder Thactspldhe batl aistompae W%‘“%?@s Grovresntlgidexhaust 1 uid

fromt hem%@w@ﬂdéh@n SAHECR1) TGk |3H!:i% mu&ge@v&@\mﬁ e PR, f#%@ phi i d source
can be mud froma drill string. The ball can be a netal ball. Another

aspeet Bfovehle mﬁ%ﬁt&wéﬁﬁvrsrfﬁw descesspetrhedontnd enledangled nositivad hol e wi thin
a wel I bore. -Hhe oEthed, 'ﬁ?% %Q\%ﬁadﬁ’érﬂ%{éﬁ}n@gts& T%fe%%!ea&'rﬁerrg"zh%rdst&ﬁ’o' i ncl udi ng

a rotary cylinder, a cut surface pi Ston steering
devi cessicetag édwm tt&fea!%mcmiﬂ o hizefoati e peydminhdierthe slbbaei Nhe timecstsmer abl e

rotary actu ] east one of
t he oneggf(rps r%ﬁritétblﬁgl‘efkgﬁdg‘?ghggf%!"‘éftgﬁg%%‘t%?P?Sé” aéfytpét?f:ea{ﬁ%&g‘ﬁ/p‘f‘%b‘? fromthe
wel | bor es,\zotmmpnﬂr‘iﬂxé Biagvabmmmdiehmlae}r\mérblgmdx&e wvékﬁh;mm Guid Fhaen bl |

pi S§§n t,geri n d@vi@eqs can inc|ude a Sf ve in flu i?om‘runl catign with a
Pl ol 6" BHiF SRUER, YPGB FOEhS Ghulioh Fieefiat Sove® FROBENT o8 4raTab! o

wi t hin ghiggsireeveal taobta R6tal giessed position and an extended position.

Thi s aspect can have several enbodinents,. The steerable rot ar¥ t ool can

g

incl ude a biMOBHAPRCHIINE HVEJHRrpPONges BaBstBod Pherilleg 8 seEneddle wihipal | to
an ext epdRALORS MHeQR®AR iANRS ﬂraﬁdzag%sst@@%bre%{gr%m FEE&ingaéh&érg’tca” pi vot

about a pin. The sleeve can include one or nore grooves to ex fluid
from t heYlinfen @ wlliocearhea Qiaspicdelizisten slasana dpvisgs loTatedianthd sour ce

Dggﬁﬁ Gééﬂgnérrcﬁ%@cﬂt%é rSblind e StE&aBR!btafARoPRithinTRE Fenird B PTI ON OF THE

seleclively actuating at least one of the one or more ball pistons to deflect the steerable
rotary tool from the welibore, thereby drilling a curved hole within the wellbore. The ball
piston steering devices can include a slesve in fluid communication with a fluld source
and a ball received within the slesve. The ball is movable within the slesve from a

20 recessed position and an extended position.

This aspect can have several embaodiments. The stesrable rotary tool can
noluds a bias pad in proximity to the sleeve. The movement of the ball to an extended
nosition can cause the bias pad o rise. The bias pad can pivol abowt a pin. The slesve
can nclude ong or more grooves to exhaust fluid from the fluid sourne. The fluld source

<& can be g punp. The fuld souree can be mud from a drill strding. The balt can be g metal

DESCRIFPTION OF THE DRAWINGS
For a fuller understanding of the naturs and desired objects of the present

3¢ invention, reference is made to the following detalled deseription taken in coniunction



For a fuller understanding of the nature and desired objects of the present
30i nvention, reference is nmade to the follow ng detail ed description taken
i N conj ungbi20m/065¥32010/ 065573 PCT/ US2009/ 066307 wi t h t hecaasewpatssoNg
drawi ng figures wherein |like reference characters denote correspondi ng
parts throughout the several views and wherein: FIG 1 illustrates a
wellsite. in which the esent . invepntiop can he enpl oyed, . FI G
o i 11 uSie SO b B et e e Bt s Bl S ORI [ 1 a
neut r al cpossiinding paradheigaseenpistierangswebadwiendinof the invention..

S . a. cross-section of a ball piston steerin evice in an

FIG 2B illugtrat, . of a ‘ d

ext ended pos? ‘té'gn‘ﬁ‘i’sﬁmé‘%“t%?”@ﬁﬁi%sﬁ?'ﬂ ’%WB‘C@ﬁ%@‘iﬁ%ﬁﬂ&mb@m{@ﬁ&aﬁg}ﬁenti on.

FIG 20ghigiustirates a cross-section of a bail piston steering device
including a 10 groove to allow fluid to escape fromthe sleeve in
accordance w th “Sriddiaiur RERE-SEETehe! 3 halbpisioprstedring dexipei in kusttrat es a

cr 055~ S g6k iINdccBrdbl WRhYrRL AL ERHE At IEY 8t @ bias pad in a neutral
posi ti o% in accordance with one e(rﬁ}ﬁg ?ﬁ.%ggé/gﬁg?we&'i nvention. FIG 2E

i |l ustrates Fif @Polissirées ¢ owssfocativala pilspisiensteeingripviteVin ce extdriiad bi as
. pad 15,5080, shded. pRsitan. i Nsaccordance wth one enbodi ment of the
i nventi gﬁﬂii%?ia%gg{a%ﬁggﬂ %itaég%%%i Bigﬁﬁ fgﬁﬁ%;"}ggggﬁ]ﬂl y conponent

i ncor por at i nigie 2Ballistpitst pnresseeciomgoidebaiCesion steabndante indlbdingae

CToRg! TRREAS 40 MNSEEhSe o e BhE e ol BHEE YR R 55 °
the invention.
FIG. 2D illustrates a cross-section of a ball piston steering device with a bias pad
in a neuiral position in accordance with one embodiment of the invention.
FIG. 2E fllustratas a cross-section of a ball piston steering device with a bias pad
15 inan extended position in accordance with one embodiment of the invention,
FIG. 3 illustrates a bottom hele assembly component incorperating a ball piston
steering device in accordance with one embodiment of the invention.
FiG. 4 illustrates the actuation of a steering device in accordance with one
embodiment of the invention,
20
DETAILED DESCRIPTION OF THE INVENTION
The invention pravides ball piston steering devices and methods for use of ball
piston devices. Some embaodiments of the invention can be used in a wellsite systam.

Wellsite System

S8 Fia, 1 Hlustrates a wellste system in which the prasent invention can be
amployed. The wellsite can be snshore or offshore. In this ssempdary system, 3
borehole 11 is formed in subsuiface formations by rotary drilling in @ manner that is wall
known. Embodiments of the invention can also use directional drilling, as will be
desaribed hereinafter.

GE A drilt string 12 is suspended within the borshole 11 and has a bottom hole

assembly 100 which includes a drill bit 105 at s lower end. The surface systam



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The invention provides ball

pi ston steering devices and nethods for use of ball piston devices. Sone
enbodi nenye 20fo/dsks3i nventi on can be used in a welisite PyFhEMMINedsvBite
System 25FIG | illustrates a wellsite Systemin which the present

i nvention can be enployed. The wellsite can be onshore or offshore. In this

exenplar a bo hole 11 is f i n sub urface for i ons by
rotary Ghﬁé% gzgqoﬁm aa{]dr e a%*ﬁ&Ib?I %8\%@? D%‘ﬁo %W&Fﬁ‘@n“t?s t he

i nvent i ess@aiﬁiyakfﬁsm, mﬁg diroref izonad 6 dieliy kv ﬁﬁmkai% ad loidre sdereRbbede drin

her ei naf{ 30A d n%t ri ngblz i s suspended within the borehole 11 and
has a bd Y’Qrﬁzﬁﬁl'%ta ' PyOIED0ERIS th ShREIRRILY meas PoYshew, tdhat its | ower

end. Thengsydsase ks¥siER th@@p&@&@ﬁ@@ﬁ%@%lﬁ@w?wc%w I@%‘%@E@@@”Srm

and derrick assenbly 10 positioned over the borehole 11,” the as
i ncl Bdi A7 Pevlars atapher vea Trepling block (Rlseknol shaal, ﬁ“@@@ymwafeﬁ?ggﬁ The

drill sgr BISi A Qi b not
Shown &Iﬁ}%ﬁg %za!ggiei@%sﬁg edy; ?t’ M‘:ﬁ:dﬁ%f@*ﬁ%ﬁ{tj@&e éﬁ%ta\,%nig 9 %ggk Xs ngﬁz?\%ﬁg The

drill stpewy 81?2’9@?\!%@s@énmﬁ%aﬂamm\@hhmk%% attached to a travel i ng
bl ock (al so ngt,. QQM% ﬂgfq héﬁxta‘%tk*%lsh%bg %ngﬁﬁ #} %G S‘%g"v‘?‘@”%é& Y\,hI ch

pernmits rotation o tr|n Felatrve
known, 8uiti op milid Aesterestiom ;m‘biiif ﬁbrmlet%ezﬁ hﬂ;‘the$z§e be pusedd delivers the arilihe

I furt | udes d I I
Fran o BB R e T4 8P Rt i Bhaviel o s amo A aeiee |-
del i ver 8uit e fick |dblfmmgrcﬁf)fﬁrmgh 26 drit sthey 1M§Tnﬁ&@téﬁf o\} ﬂ&@ di#l{etiidmﬁt ring 12 via
a pod in_th lin ow_downwar dl y

d
t hr ough ¢ Bgrt el B T S9RLBY ki Sebu? 66 Fotis e 6t by Td ard Bans. * The

dri |1 ngrdulasbsl ugwhids ihhﬁxgﬁrthé binBlils Pehidiebdtin@eRMd SutsRietdtendail dnfyt 105,
and t hen Cfl rcul ates u t hrough the annul us regi on between the outside

of the @?q ihe vwalieiile nga?hPI?ea&mqmé%d bhiebreskona armgwsihdndaiselidgone
di recti @a@ﬁherafﬁeqymm% ﬂLJ?@IL&?th%@Wé AN DL ATRERREs idiRBsgh hhﬁ:hg@ké <J{“ d

| ubricates the dril 5 and carries formation cuttin
sur f acethg$uiface gs Ifté?e [ﬁ“ﬁf@ﬁdﬁibﬂ’leﬁéi P forpmicoletipci r cul at i on.

The bottom hole assembly 100 of the illustrated embodiment includes a logging-
while-drifling (LWD)} module 120, a measuring-while-drilling (MWD) module 130, a roto-
steerable systern and motor, and drill bit 105.

20 The LWD module 120 is housed in a special type of drill collar, as is known in the
art, and can contain one or a plurality of known types of logging tools. 1 will also be
understood that more than ong LWD and/or MWD medule can be employed, e.g. as
represented al 120A. (References, throughou, 1o a module &t the position of 120 can
alternatively mean a module at the position of 1204 as well) The LWD module includes

48 capabiliies for messuring, provessing, and storing information, as well as for
corpmiicaling with the sinface equipment. In the present smbuadiment, the LWD
module includes & pressure measwing device,

The MWD module 130 is also housed in a special type of drill collar, as is known
w the arl, and can contaln one or more devices for measuring characteristios of the grill

A0 string and drill DL The MWD ool further inclides an apparstus {nat shown) for

generaling slectrical power to the downhole systerm. This may typicafly include & mud

d



The bottom hol e assenbly 100 of the illustrated enbodi nent includes a

| oggi ngwhi l e-drilling (LWD) nodule 120, a neasuring-while-drilling (MAD)
modul e 1390 21weesest eer abl e system and notor, and drill poirtusié@®06@07he LWD
nodul e 120 is housed in a special type of drill collar, as is known in the
art, and can contain one or a plurality of known types of logging tools. It
V\A|| be understo t hat nore than, one LV and/ or

il oy e P Re GG RaKERPE A TH0R Ol Ry eI BHOBEIPE T o gul o

at the posidd {ﬁrme.@iiod@&a@@fheabb@%ﬂ@ﬁdidﬁtbweﬁﬁ@@st@mmﬁhﬂiﬁ:eélzhptchéd pasihbi on of
120A as welt he LAND nodul e includes capabilities for neasuring

pr ocesspﬁﬁeﬂgﬁﬁbg?‘ﬁﬁ“héh‘? NPUR raRq s ncliglegong cagargof WW‘B%MW@ ofith the

sur f ace nRAARERbvicdd? atv@aiﬂfcﬁﬁﬁphe%mﬁf zﬂ@xrt?e attbﬁguk méﬂ&aﬂ@‘&%b@e' fcl udes a
pressure measur i ng device, nodu 130 i's al'so housed in a

spect al VIFENGTeRRING degichan shemk msawmmavwet hévebr slip rapesuwiang deuiveain one

or nore o SHEI fietfag drill 30string and
drill bfﬂ?@%%@ﬁzgrﬁé%gg%%oaﬂéf%ﬁﬁhﬁcﬁ:ﬁé&ﬁ%éﬁ%ésgﬁngggﬁa;r atus (not shown) for

generating efeetiicubaly sduamingen s ire @dbmhmtmmwm rTiirgunTdiyn tytpi cal |y
e PP ecaily S PLTE RAEAYORNEL R AP 8 Ty AR Pover e B

the flow o "' n “pbei n power and/ or
bat t er y sslysttms 1 HRyFike 1 erspjroyédd Dmectih;exapairﬂmts téeertamhtmamewdlenkﬁ%modul e

i ncludes oqne qr r f the follo e asurl

wor & - Beftite bl et i B uEp ket AR SR g e S Bt on
measur i @@aedﬂghﬁ@:e il shbgleon®asiuirb Rgs dﬁé/ti@ﬁre@;&ich@ﬂ( slip measuring device,
a direction ur| ng. devi ce, and an inclination asurl devi ce. A
particul arly 'é '&H?%‘g@&%’ss J%eﬁmf?‘ﬁea%‘ﬁ?‘s‘faéﬁ?%w shpge gl '%Q)Wja'?tﬁ%?i‘ton with
cont r ol keghist ARAY RISk bE tffs@é‘dﬂr&ﬂ%! sifliik pldtoem, Dirkclidia3 dAMBY AistRMapicd

r ot o- st eerabl e subs;l(stem 150 (F 1) is provided. Directional drilling is

t he i nt BATZOHHH A iHaY| %(PP%%?SQWF 1U9\e4qrwrdeiim@eﬁﬁtsiﬁé agapgeritenatbaf the
nat g al lm)él!tSd%g%trb@er@éhf‘erre‘é@f\/aﬁswﬁi'cﬁ‘ﬁféréé’s’é%lthéig}ddlub{% tate FB& t%%ﬁﬂ' ng of the

drill string so that it trave In desired direct ecti onal
drilling is, Aﬁﬁﬁct@nahmimg mm@@mbe psed instestical drifling pperabec aaswelli t

enabl eSoﬁBpW;d B REr B bt b2 b 8Tl ey BLEALTos Y o0t} ol

drilling al'so ena es hor1zon areservoir. Horizontal
dri | li ngnedivtabée ratbengdne l‘mn@imnmbemgeeaaratedi bbthee\fm'ying faues et thee

reservoi whi ch. 1 ncr es e p cti,on rate fromthe well, . A
G rect | Dot GisdtenfiGs SORER aliRo REPEHEL RO Fred @Rt lintGveier mgvder ati on
as el | usdd et theed:driil Badhidn oddrde veer of f of an planned drilling
trajectory because of the edi, ct nature of t ormati ons bei ng
penet r at ed d‘?&?‘?}"e” mt‘i‘ﬁ‘ﬂ@‘ (#j' @%*Pﬂﬁﬁgi%‘d&ﬁfﬁ? Ufﬁ??%%%‘ﬁ’l%ﬁ’ﬁ%%“ When such
3 dﬂ” B%:wgn@‘g{sm §:’6@7¢RS§C§HBQ:&@E|SWHQ kIrbReSYShem sRsdReardusedndi@ put the
ri i ack on cou

devices cause the dni% {Sii o drill in the desired direction. Rotating the drill sirng greatly

reduces the occurrances of the drill string getting hung up or stuck during drilling.
25 Rotary stesrabie diilling systems for diilling deviated boraholes into the sarth may be

e

generally classified as elther “pointdhe-bil” systems of “pushi-the-bil” systems,
In the point-the-bit system, the axis of rotation of the drill bit is devistad from the
local axis of the bottom hole assembly in the general direction of the new hole. The
hote is propagated in aocardance with the customary thres point geometry defined by
30 uppearand lower stabilizer touch pointe and the drill bit. The angle of deviation of the

crill bit axis coupled with a finite distancs betwean the diill bit and fower stabilizer results



A known net hod of directional drilling includes the use of a rotary
steerable system ("RSS"). In an RSS, the drill string is rotated fromthe
surface, wodothessdvel e devi ces cause the drill bit to dripch/uspodhessdesi red
direction. Rotating the drill string greatly reduces the occurrences of the
drill string getting hung up or stuck during drilling, 25Rotary steerable

drillin tens., for dri dev ted bor ehol es i e earth may be
gener al yé%%ggsqql‘ngar%@%f H%ﬁu“‘ﬁ{) hE-LRE B ng%éﬁst‘ha?re i‘fﬁ‘éﬂa‘i%e bit"
syst enswalairt dvamptﬁh;ﬁtﬁdyhﬁrén‘ﬁe@ﬁshﬁmﬁmg aghayibenetat é%&kkr@fﬂie@oﬁbhﬁh&é' Il bit
is deviated frogst e | ocal ax of the bottom hol e assenb %gl n the general

di rect i BRORY FSRAWTEPYET Eﬁﬁ@‘?'ﬁ%”l%” 3 exyrephifa det bit drive sbrigdistibuigd h t he

cust omapyividhage Qpﬁéﬁarﬁlﬂ@x%i St¥pdledi neds R&aﬁﬁ&%rﬁnﬁue'&w ;éhﬁ Pichlzgy touch
points and the drill bit. The angle of deviation of rill bt axis

coupt ed'FHi SRRV PRERIRedha Ml @xtsat wealinuate rarterlin Bia d@m@om ol atresi | i zer
resul t sholdDERRIRIAOFLARGTL. 9@%9;%%9@@%@1 rdfle LY nexﬂgna*%ot]iév{ fifdiopeend! t1 on

reqwred or a curve to be generat ere are nan this my
be achi 8weépsicrbedit WG Qafar&é@gman&sb@wmm@a ﬁ@@ﬁéﬁb&ﬁ%@@ﬁn@amm y

cl 0se t g, hes oMy (S2biddazel, aed diexure 8t heqdobl L by bdrive sha

dlstrlbute et ween eub Iower” st eilY zed form
the dri$ItiBiS3i s not required 5to cut si devvays because the bit axis is

s
descri bméammemso dPabiernhe Al pidscadr e Bullljotahi s H@@m%%&%&%@%m
2001/ 005242 6, 394, 193: 6, 364, 034: ~ 6, 244, 361:

20 56, S3GuRge BB5 cglGeatingin 15 SCuSvEY tibinoinssd e L bhb. IS venea oy

st eer ablb@es St%bﬁﬁaaftsh@é?ply%n%éhﬂriﬁ e SPARLAICEMeh IR difd &dn FRGRaNI sm to
devi ate tpe bit axis fromthe | ocal bottom hole assenbly axis; instead, the

requi si PE'SBMals ricHalad wilhiaspegiioitie diesntieoofihply rearanatigneiAgRir there bot h of
t he13UPP&e Misiny QIR inSHAkH IiZ9bs be%bﬁ%g&ar ,aau&ﬁﬁghrrb@%ﬁgg@.ﬂw spfleip, acenent

inadirection that is preferentia orienta
di r ect i 10fi hefe) werentpy sishijagnisddisplagaiant bdﬁ@ﬂ@pﬁﬁ)a@hesmmmymmammmh this

may be r p e hol e)

covencr et firod BRSO o BbelM WoLER ot Sttt 1) ¢

act uat oﬁ@i&\d@étbyamﬂfgwgfmww lireatityebadwiabh tHai drili bit driteatdesit mﬁl aﬂieemmg

directi A r hi .eved .by, .creat.i.n nearity between
t he drlﬁmﬁl %Ha Z%I%f {ev\%rﬁi Hérre{ﬁ‘ﬁ’i%l"}”&)‘?ﬁ%%alyﬁ n ‘?’98 HP1FEE form

t héOdr |a burbecﬁ hms &qmmmftmssbume-sitd@e\m;@y sfecftiesydiomg ey f@dvﬁﬂ%@' a curved

hol e. rrot eerahl e _systens, and t hey
oper at S Be gie Brs iRt in U & il Srise o’ bagays: s 3 3u 305565050803, 105,
6, 089, I3a95 516554 570; 5, BBHHRT 8,553,506 5305, 763, 53306749; 5 Bp8 635763;

5,520, 255,., 5..603,385. 5,582 259 5,778,992: and 5,971,085. Ball Piston

St eerl ri'.b %v % ?fﬁ Q§Q én{j [ §?1 U 85,
Ball Piston Blesring Device

25 FIG. EA depicts a oross-section of a ball piston stearing device 200a in
accordance with one embodiment of the invention. & ball 202 is provided within a
sleeve 204, The gleeve includes an orifice 208 for communication with 2 fuid source.
Fluid 208 enters orifice 208 to push ball 202 to an extended position as dspicted in FIG.
2B, Lip 210 retains the ball within the slesve.



25FI G 2A depots a cross-section of a bail piston steering device 200a in
accordance with one enbodi nent of the invention. A ball 202 is provided

wi t hin slwewei02@4s73The sl eeve includes an orifice 206 fecTasmunseati on
with a fluid source. Fluid 208 enters orifice 206 to push ball 202 to an
extended position as depicted in FIG 2B, Lip 210 retains the ball within

t he sl eeve. . t he 2|S|ntheetene position, the ball
contacts a m@i*ﬁeﬁé?%b‘\é}ﬂgg%@dﬁﬁ%‘? %%te% ?‘E%%‘%‘?Qﬂhgﬁ/ ?G?Oé‘éagﬁlé éﬁ‘@ra&l 9y pushes

away fr@@rhéda@;sv@}éam@wm@éma@ﬁés@w ?GQ’!{-}% ﬁ%ﬁd:ﬁ%é@é%:éhﬁér@?n be used
to steerlg%abottomhde assenb erring to FIG 2C, a ball piston

st eeri n§ffef@iucestops f@%@é@?%@e Pﬁe‘??/\kﬂ %ﬁef’é"r&a@ boligradple 2emblic| udes a
groove 212 tQ.pblowathe bhukdal Bss%ﬁ?&@@;grf)g{@&:éé’%ocftl € Y&zﬁ&ﬁm wWiEn fcoove 212

can advant ageously provide [ubrication nd ottom

assedbl pleekaEld helsleeergragvaldl? tealloy thedbidiorasrae fram thd glasivo RAEI het he

gr oove I LU e_of. renovi ng
debris %%ﬁ%??gglﬁﬁﬁbo#tggﬁ&%& ?’log%@%u%ﬁ?&bg? gcgt\;fgé!‘%%li gﬁtp?%%%%é&%ORef erring
to Fl G a@@midy balt Iihepxts@mg steer uanagccdgmtm* zﬂO@@dﬁanaiﬁm&m@asm Bit asapad . 214
coupl ed_fo. t.h | v 4 16, Referri 2E,. .when, t he bal |
205" ext e or B F B9l Bl Prre Rl dsts P Suntel WRER tne b as
pad 214200 bna kv Qi}sﬂﬂa’fmﬁ)odl ment s, ahsprl ng, sgch as a torsion spal gg or
an extensio srln o return the 214 t o an unext ende
p05| i on. n% @i{m Q?gn%hﬁgﬁa‘tsf‘)%t??”% dpclpee fvis RAte sl eeve
204 may zhe chHed ROFalsadvi e t@ @pxh@%l w@émellra; it FlO @, 9HarQhe bk 20Y
directional system 150 of Fig 202 and/ or bias pad 214 can,

i n someSdRpGHithRRFE20heresse %@F”'&%‘f tﬁ%ﬁﬁal@é@%‘fm@uﬁl@ﬁr&‘?*@%%@ gt materi al
such a gebakd. R s Bmb8linfnRO a) ézs%g ﬁ% M@%@m shitey nf}aér! edBasighd/ or bias

pad 214 can be fabricated from stee h speed ste car bon steel,

20br ass$PEWHIErC iG BiMpae Piasyedad 14 tﬁ@ndmﬁtﬁmde@ onpiier. DPBG)letar teace,
cer i Cgy mafeg ﬁgﬁépﬁggﬁé‘%%gt ﬁ@rs@éﬁ%%@ﬁﬁ%é ﬁgafp%si?tggﬂb{) akaefrentla?’r%\b abl e

coatings are descri for exa icat1o
2007/ OZGQB@iOOherrEImVdme@me*atsmjﬂlﬁfimo&:@uw&e Referring to FIG 3, one or

more steeri %i%ﬁj s?ned'?orsoqgsapaé 9%!3) bar?’,otg %0%%%%odiments, be coated or comprised
of a wear-resistant material such a metal, a resin, or a polymer. For example, the ball
202 and/or bias pad 214 can be fabricated from steel, *high speed steel”, carbon steel,
20 brass, copper, iron, polycrystaliine diamond compact (PDC), hardface, ceramics,
carbides, ceramic carbides, cermaets, and the like. Suilable coatings are described, for
example, in U.S. Patent Publication No. 2007/0202350, herein incorporated by
reference.

Refarring to FIG. &, ane or more steering devices 3023, 302h, 3(2¢ can bs

95

ntegrated info & bottom holg asssmbly component 300 in & dnill slring. Por example,
tres steering devices can be arrangsd approximately 120 degress apart,

Bottom hole assambly componeant 300 can further include a control urit (not
depicted) for selectively actuating steering devices 302a, 302b, 302c. Cantrol unit
maintaing the proper angular position of the bottom hole assembly componsnt 300
30 relative fo the subsurface formation. In some smbodimants, contral unit is mountad on

a bearing that allow contred unit {o rolate fresly about the axis of the bottom hole



25 integrated into a bottom hole assenbly conponent 300 in a drill string.
For exanple, three steering devices can be arranged approxi mately 120
degrees apenbioness73 Bottom hol e assenbly conmponent 300 pcanusbamwiobssn7 i ncl ude
a control unit (not depicted) for selectively actuating steering devices
302a, 302b, 302c. Control unit maintains the proper .angular position of

t he bot e onent ., 300 30rel| ative to the subsurface

f or mat i %§&$$k%§mnmg %@ntr%ﬂ@tp@pc ﬁlnﬁ P SOMERTRRIPENS: BYEPPRg t hat
al | ow ceabsmy eqnxptnehiasmc@i@é g iffreeelkls Alertorhdier axd/sr Shghderaiiembel e WO
2010/ 06 573P<.?SF%USZ 09/ 066307 .assenbl y conponent 300. El"he control unit,

accor di %d?ts ik ?“*ém“gb‘ﬁfttﬂg retiara e sessginhy bl cenien vak can

t hr ee- axir S‘t&&@@f@zhﬁfﬁ%ﬁ@é @lth BBRENE JTRBEE] QIRhHRNemENS %F ﬁmtébt&k% GOk the
inclination and azinuth of the bottom hol e assenbly. The control unit can

f urt fer SEXRMRIKSPLET BRI SSBAASCINdTaids badlienPieretierieinesrefilinge bot t om
hol e Sasceirhky dsual dolipbl Sl FHRAASH EnsABcRLAY AR HOIGRHFARGBALAGLET | Sti cs
or drilling dynam cs data to control unit ion characteristrcs can
i ncl udeé‘ﬁiﬁﬁ@?’lt@@i&ﬁ}rﬁ *@bﬁﬁfﬂm‘a@ﬁié@’efmmg@msggﬂ@(}f Gmam.imsmﬁqg@tmaerce«mam as
ul traso by ihgse.di scu
pat ent LB Saer o Re-S 2o 0L OEEREAEST R A T SRS ekl
i ncor pohé@@@l lwrama@ﬂémemsmm fmereiBr ﬂrliim@gj;dmnm @aﬁadmyanmyel ncl ude
su 1. vi.bration el eration, veloci erature of
the ot ?%ggweﬁwég%;%éﬂﬁ%lw fation, aﬁé"?’krrﬁ‘%:%’bﬁ@? Aot drfﬁmt‘?mt r(?rFE?r”Eﬁ g?}{‘?”f‘ is
pr ogr amheld sabewvblyground to followi ng an desired inclination and direction.

The progress,_ of the t om hol e nbly 300 can be neasured using MAD
yst ore and PR TP BRSy ST UHE KRB RO 5 ISHDE 37 t he

drillingedilediigclingtion and ageitehi Thelnrhibss 86 e HoRRSMcES h%n‘@@&'@@@ caRbeVi @ a
wi red connection, |If the desired path is changed, new instructions can be

t r ansmi FEBRUTEY Us g Y VESYRIBS @aﬁﬁaﬁﬁ@é&eﬁ@@ogww Vi 8 sgegendssed in U. S
Patent Pubkd pant aRiNG1udOAEHALHLASR oNGRALA FAEHIBOKANRMAY of Gher ence.

Sui tabl e systens are aval under trademark from
Schl ur n‘B%‘F%é‘?n“ﬁ@B%o\f@@d@ﬁ@émﬁ‘éﬁ isminaog%w@a\rmsmuaimd cafTbrdsansmitted | n

o 5, M@l RS TPUE ASERA SR 080, S £, ot o

hol e asserrb é esire | on, steering device
opt i ona?¥86/0%Y1880i hayeiaviarperaBahy mwiere862 cSuilabls sbsbont wed yvalableairaidr Wi t h

it s e U R R R S
20  Land, Texas.
in order to urge the bottom hole assembly component 300 and the entire botiom
hole assembly in a desired direction, stesring device 302a (and, optionally, steering
devices 3J02b and 302c) s seleciively actuated with respect to the rofational position of
the stesying device 302a. For llustration, FIG. 4 depicts a borshole 11 within g
5 subsurface formalion. A oross section of bottom hole assembly 300 is provided o
Hustrate the placament of stesring device 3088, in this sxampls, an gparator sseks o
move bottom hole assambly 300 (rotating clockwise) towards point 402, a poird located
entirsly within the x direction relative fo the current position of bit body 300. Although
steering device 302a will gensrate & force vedior having a positive x-component if
30 steering device 302a is actualed at any point when steering device 302a is located on

the opposite side of borehole 11 from point 402 {Le. betwesn points 404 and 408},



subsurface formation. A cross section of bottom hole assenbly 300 is
provided to illustrate the placenent of steering device 302a. In this

exanpl e, w0 20pa68878r seeks to nove bottom hol e assenbl y pe@Qstsoinadsong
cl ockwi se) towards point 402, a point located entirely within the x
direction relative to the current position of bit body 300. Although

st eering, device 30 W |, enerate a force vector, having a positive
x-como%?ﬁf’ngfje’s“ﬁeéﬁgﬁﬁ” SRS ilegée SFFEYS %&W&Pé@”ﬁméﬁ‘?’xﬁgﬁﬁtﬂo en

st eer i ngod@wWdca AR A0B S AcosairRfly, MNsdhe capperhdfs ShdacRbubobehabandl from
poi nt 402 _%La. ., bet wee&ﬂ%ol nts 404 and 406), steering device 302a w ||
gener at geyi %393%5@%’ EFﬁ'y Berigy eSinyRaiR) WhefPindbe Siaering davicadlda at
poi nt 4@8sindesassibpak ¥ioshiflg 300Re eabodi IBRtHa Fé?«z%hé:i? H&%{%_c@hmﬁ&%ﬁ& kN9

device 302a is approxi mately periodic or sinusoidal, wherein the steering
devi ee 8SOPRIPBGINNGS rairagksl by relst 43%eri ng devi ce passes point 404, reaches

maxi mum depl gyt - Ab PRINRL 348%’53( g'{a\ge '(éﬁﬁ# Féfér"?%n‘ f)da Qé(sd%ro" \Be)%%ﬁ be In

some enbodi ments, a rotary valve soreferre o a spider’val've) can be
used t oused Woidlamivgly actusde slestiop révige 08% tmd32E (a8 28uiaide 802y) .

Sui t abl e_i.0t Malves. are described. i.n, U, & Patent. Nos.. 4. 630, 244;

5. 553, 678" &]Q%%\égé%&?%%%w RS i S P SR R B9 a3 aess.

101 NCORPERAT PANitBYoREEERENCE:42555. Al |l patents, published patent
applications, and other references disclosed herein are hereby expressly

incorporated by reference in their entireties by reference. EQU VALENTS
15THése skilled in the arlNGGRRPORSIHYNIPERESERIMNGHl e to ascertain using no

" . . . pecgl val ¢ 't
enbodi mont s P4 Ea RELLTRS RatEL o TR P SRR Dhet DeRREChE
i nt endedretiwrbley equesghasseghobstet be réferdrawiimthe anitingtios HGL&lcMncel. A bal |

pi ston steering device conprising;, a sleeve in fluid conmunication with a
fluid source: and

EQUIVALENTS
18 Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents of the specific embodiments of the invention

described herein. Such equivalents are intended to be encompassed by the following
claims.



a ball received within the sleeve; wherein the ball is novable
within the sleeve froma recessed position and an extended position. 2.
The bal | wobmmesizgeri ng devi ce of claim 1, wherein thepbais2eefobesots the
steering device froma wellbore when in the extended position. 3. The ball
pi ston steering device of claim1 further cornprising; a bias pad in
proximty to the sleeve; mherglﬂng\%é]e novenment of the ball to an

ext ended position causes the bias p“a A rise and deflect the steering
device froma wellbore. 4. The ball piston steering device of claim3,
wherein the bias pad pivots about a pin. 5. The ball piston steering

devi ce of clAPal PistafnEeing dowcastwBREINE| udes one or nore grooves to

exhaust fl ui dsbb@mMntfifs EdMhBingQUAS Gith a%g&l’@&@%éndpi ston steering device of

claim1 wherein the "fluid source is a ponp. . The bail piston steering
devi ce of clapah meewperéihin fhae!9sakl is a netal ball. 8. A steerable rotary

tool conpri S,i/f‘{l&'gma&i-}é %@fe%nsyéﬂfgg%én B iceve gmﬁggéegalsg%fe ggé%ﬁéfl ﬁ,ﬁ%g) ahon

steering devices, loca on t exterior o eac t he ball
pi st on sttewddchgosdevi ces conprising: a sleeve in fluid comunication with a
fluid source; and

£ The ball piston steering device of claim 1, wherein the ball deflects the steering

device from a wellbore when in the extended position.

3. The ball piston steering device of claim 1 further comprising:
a bias pad in proximity to the sleeve;
wherein the movement of the ball to an extended position causes the bias pad to

rise and deflect the steering device from a wellbore.

4, The ball piston steering device of claim 3, wherein the bias pad pivots about a
pin.
5. The ball piston steering device of claim 1, wherein the sleeve includes one or

more grooves to exhaust fluid from the fluid sowrce.

o

The ball piston stesring device of claim 1, wherein the fludd scurce is a pump,

ol

The ball piston steering device of claim 1, wherein the ball & & mets! balL

8. A steerable rotary tool comprising:

a rotary cylinder; and

one oF rmorg ball piston steering devices, beatad on the exierior of the oyiinder,
aach of the ball pision sleering devices cnmprising:

a sleeve in fluid communication with a fluid sowee; and

10



- WD 2010/ 065573PCT/ US2009/ 066307 a ball received within the sleeve;
wherein the ball is novable within the sleeve froma recessed position and
an ext ended 2pogicsi?en. 9. The steerable rotary tool of ecaiusedoowéserein the
one or nore ball piston steering devices also include: a bias pad in
proximty to the sleeve; wherein the novenent of the ball to an extended
position causes the bias o rise: 10. The steerable rotary tool of

claim9, wherein ?H@Pﬁcﬁ‘é’egé{ﬂt Hitfi‘ﬁts@%’ﬁout a pin. 11. The steerable rotary

tool of claim8, WhaERIR:bHBRiSH y xhaust
oot ot he tAERIe bl aRI: LR féinggggi?%e@gfg?qaérrggg%sgﬁa@gﬁﬁ?gag;ﬁB

wher ei n t he #f @xigngedipetidts a punp. 13: The steerable rotary tool of claim
8, wherein the fluid source is mud froma drill string. 14. The steerable
rotary tool of claima®8, wherein the ball is a netal ball, 15. A nethod of
drilling a cTins eigerdlicerokiy il o clah Bbwf‘erem'oﬂrpmmmgmrprmmmhmgs&eah@er abl e

rotary hogheLQURSIAIARY:

@ bias pad in proxdmity {o the sleeve;
whergin the movemert of the ball to an extended position causes the bias pad o

rise.
10.  The steerable rotary tool of claim 8, wherein the bias pad pivots about a pin.

11, The steerable rotary tool of claim 8, wherein the sleeve includes one or more
grooves to exhaust fluid from the fiuid source.

12, The steerable rotary tool of claim 8, wherein the fluid source is a pump.

13, The steerable rotary tool of claim 8, wherein the fluid source is mud from a drill

4. The stearsble rotary tool of claim 8, wherein the ball is 2 metal hall,

18 A mesthod of driiing & curved hols within 3 wellbors comprising:
providing a stearable rofary tool comprising:
a rotary oylinder;
a culting swfacs; angd
ang or more ball piston steering devices, located on the exterior of the
cylinder, each of the ball piston steering devices comprising:
2 gleave it Tuid communication with 2 fuid sowres; and

a ball recatvad within the sleeve:

- df



a rotary cylinder; a cutting surface; and one or nore ball piston
steering devices, |located on the exterior of the cylinder, each of the ball
pi st on stwenvigesesi ces conprising: a sleeve in fluid ceomusbeabsenr with a
fluid source; and a ball received within the sleeve; wherein the
ball is novable within the sleeve froma recessed position and an extended
position; rotating the steerable rotary tool within the wellbore; and
sel ectively actuating"4e$e3Q dHhis "@)‘?‘f’%ﬁé""@ﬁ@“@ﬁ sifpBYR A reRsIshs to
defl ect the st eer@gh@nra(p@agpyegt@rqjedgﬂ&mohhe wel | bore, thereby drilling a
curved hole within the wellbore. 16. The nethod of claim15, wherein the
st eer abl e r oGS Bleertio tRery taolbvitdn edveliboprekidmi ty to the sl eeve:
wherein the nept ; € i e bias
pad to i se, R oo ai g BBk, o o S R Rt BTl GBS et s "about
a pin, stestabEheiawtiendroot thel wliots thathby diilfing beuslsddwd: ivitbhuide sreid@eor nor e
grooves to exhaust fluid fromthe fluid source. 19The net hod of cl ai m 15,
wherein the fluid source is a punp, 20. The nethod of claim 15, wherein the
fluid sd@rcellismetiddfof ommima i@ ivhbrest therngee@ble [They net hetidek: cl aim 5, wherein
the ball is a netal, ball. ... .

a biag pad in proximity o the slesve:

wherein the movement of the ball to an extended position causes the bias

pad to rise.
17.  The method of claim 16, wherein the bias pad pivots about a pin.

18.  The method of claim 18, wherein the sleeve includes one or more grooves {o
exhaust fluid from the fiuid source.

19, The method of claim 18, wherein the fluid source is a pump.
20.  The method of claim 18, wherein the fiuid source is mud from a drili string.

21, The method of claim 15, wherein the ball is a metal ball.



