Title: THREE DI MENSI ONAL STABLE SYSTEM Abstract: A steering afsenbl y (20)
i ncludes upper (26) and lower (28) tubular housings connectgd Q}U%&ZQ&
uni ver sal Woiermes480). An angl e cam ( 80) i s dis- posed on thpcppsie@heds

| ower housing and projects into the housing. A plurality of wedge nmenbers

(90) extend axially fromthe upper housing and into engage- nent with the
angl e cam Drive trains {UBBE NUNest STEER ABIE S¥STEMenmbers to nove

and aci M hCRC R RO A TR P EIPI ™ ccpect 1o the upper hausing byt he
I e E e e R S R L S
I e S AR b s enpion sty v b,
R Rl i A e
the bend dngtie pandr Giotetic affaed atdominhichii®g (P hnd BnPiHe: surface and which can’
. change bend angle and the direction while drilling.

The conventional practice for drilling a borehole in 2 well in a controlled direction

requires multiple mechanisms to control the direction while drilling. A common prior art tool
10 for controlling the direction of drilling is a bottom hole assembly consisting of the drill bit,

stabilizers, drill collars, heavy weight pipe, and a positive displacement motor (mud motor)

having a bent housing: - The bottom hole assembly is connected to a drill string or drill pipe

extending to the surface. The assembly steers by sliding (not rotating) the assembly with the

bend in the bent housing in a specific direction to cause a change in the borehole direction.
15 The assembly and drill string are rotated to drill strai ght.

Another type of prior art tool steers using non-rotating stabilizers, located some
distance above the drill bit, to push radially against the side of the borehole with a force,
usually constant, so that the bit will drill in the opposite direction at a controlled rate while
drilling ahead so that the direction of the hole is altered. This type of steering tool can

20  change direction at a maximum rate of about fifteen degrees per hundred feet of hole drilled
and must be run with a rbtary drill string or below a mud motor. One such system uses
valves and hydraulic fluid to extend adjustable blades engaging the borehole wall to change
direction.

Still another prior art steering tool steers using paddles located some distance above

25  the bit. The paddles push off the side of the borehole in a specific direction as the bottom
hole assembly rotates in the hole in order to alter the direction of the borehole. This type of
steering tool can change direction at a maximum rate of about ten degrees per hundred feet of
hole drilled and must be run with a rotary drill string or below a mud motor.

A further prior art steering tool includes a housing with a ball joint and adjustable

30 blades adjacent the ball joint and bit whereby the extension of the blades causes the downhole
portion of the housing to bend at the ball joint with respect to the remainder of the bottorn
hole assembly. Steerable systems, which contact the wall of the borehole to change bend

angle or direction, create an undesirable drag against the borehole wall while drilling. This
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ball joint and bit whereby the extension of the bl ades causes the downhol e
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dnlling a borehole from the surface, the bit being mounted on a shaft, comprising:
a body having a nose connected to said body by a jointed connection, said
body and nose each having an axis; the shaft passing through said nose with said
nose operatively directing the shaft and with the bit rotating with respect to said
25  body during drilling;
an actuator movably mounted on said body and engaging said nose to move the
nose with respect to the body and said jointed connection and alter the nose axis with
respect to the body axis at said jointed connection; and
said actuator having a first position altering the nose axis with respect to said body

30  axis forming a first direction of drilling of the bit and a second position altering the nose

axis with respect to said body axis forming a second direction of drilling, said actuator



angle or direction, create an undesirable drag against the borehole wall
while drilling. This I 7 JUN 2004 requires additional drilling #opc
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actuator 2 .17 JUN 200+
second portion of the steering assembly at a jointed connection between the first and

20  second portions, the second portion being non-rotational during the altering of the axis of
the first portion.

In yet another aspect, the present invention provides a methed of controlling the
direction of a bit while drilling a borehole forming a wall, the bit being mounted on a shaft,
comprising;

25 extending the shaft through a steering assembly, the steering assembly having
upper and lower sections connected by a jointed connection and the lower section
rotatably supporting the shaft and bit;

lowering a bottom hole assembly with a downhole motor and steering
assembly into the borehole;

30 drilling the borehole by rotating the bit and shaft on the downhole motor and
applying a load to the bit; and
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altering the nose axis fromthe first position to the second position while

the bit is on the borehole. In another aspect, the present invienpti
provi des a nethod of steering a bit fromthe surface to dri II\rF?b\Jmome

the bit being nmounted on a shaft, conprising: 5 extending the shaft through
a steering assenbly, the steering assenbly having first and second

portions con neﬁjﬁﬂin%tan?%axiﬁqur'i:l’ie B%P?é‘cﬁblg Withtrgkﬁ)g@ti b Hle Lg:ﬁ)gr SEAEY Qgﬁ’l@f tions

each having an "axis with the first and sec portions rotatably
suppor t i ngjearing agteafoly atl agoiatédmgnaediion betmehothe vaparend lowdrawdtiogs whdensor, t he

steering assenpl and bit int t he rehol e on canposite coil ed tubing
that car r&i@ng@ élilanlgggdge ?ﬂgg%%tg"h% g ﬂ’g&ﬁg‘?ﬁ%ﬁ‘?‘é’n WIEY B85 QT AR YRRST ng:

provi di ngsepawewhilOddilliag Bl bPMRALNG HRsSaARh T eI dFneiBh bRk s WK R a wal |
of the conposite coiled tubing, transmtting data fromthe sensor to a

pr ocessor URPET sa¢ton while dalling tochange the angle andazimpth ofdmpibarid thucibe| ed t ubi ng;
15 procesgi at the surface to determ ne the direction of
drilli ng;&igér%gc’ﬁ?fra%rﬂgh tting commands to the steering assenbly fromthe

surface to changmilidnaspedi, thegirésent iG¥entivh bidvitigs an Bspasdtissfol seertn3e BpwBilOf a
first por%_igﬁzn of the steering assenb,ltv),with the axis of the second portion
of the st&8HMHyLoshIrHoN the suifacs,the BEbeingmenrtedan pehafle cAMPREING] r st and 20

second portio - DR i r i J o Qur i
tering of {Ret e SeeBFE ARIRALL AR 6 A AoNaplEt Bk F A Brh Bl
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while drilling.a borehole form a wall, the bit being nounted on a shaft,
conpri si ng: ngiﬁetcgﬂ‘g ?’rﬁmlghré’taé"’rﬁ’g’? FtuPP‘I"fPB&BWSga Tdperl vely senmsfipd to the
steering ggsenbly having upper and |ower sections connected by a jointed
connection and the |l ower section rotatably supporting the shaft and bit;

| onering a botn a¢tnator mozshly mivioptedi withia said iimstdioesinp aod eagugirgt saat seagnd

assenbly i nto the borehole;. .30 .drilling the baorehole by raotating the bit
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section of the steering assenbly at a jointed connection between the upper

and | ovveran_électi ons while drilling by changing the angle of the axis of the
| over secti ONg i Egtu%f ﬁav?l{gfiﬁl%t H@s@t%n altering the second axis with respect to the first

axis forming a first direction of drilling of the bit and a second position altering the second
axis with respect to the first axis forming a second direction of drilling said actuator altering

20  the second axis from the first position to the second position whole the bit is in the borehole
and with the bit rotating with respect to said first and second housings during drilling.

In yet another aspect, the present invention provides a method of controlling the
direction of a bit while drilling a borehole forming a wall, the bit being mounted on a
shaft comprising:

25 extending the shaft through a steering assembly, the steering assembly having
upper and lower housings connected by a joint and the lower housing supporting the
shaft and bit;

lowering a bottom hole assembly with a downhole motor and steering assembly
into the borehole;

30 rotating the shaft and bit on the downhole motor to drill the borehole; and

bending the lower housing with respect to the upper housing at the joint with the

upper housing being non-rotational while drilling by changing the angle of the shaft and
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section while drilling and by changing the azimuth of the axis of the | ower
section with the 5 upper section while drilling to change the angle and
azinmuth of the bit and thus the direction of drilling. In anoﬂh r‘]jgﬂqez"ﬂﬂé
the present invention provides an apparatus for steering a bit i

drilling a borehole fromthe surface, the bit being nounted on a shaft,
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di r ect i onintef thdbbtehbleg sai d actuator altering 20 the second axis fromthe

first position to the second position whole the bit is in the borehole and
with the bit rigfatingbe bif emthe pleyrgoteniogiril] theporghelesecond housi ngs duri ng

drilling. In t glh)q::;ﬁlr j: it | | t hod of
controlling t%ﬁéﬂdgiéﬁggtﬁé%(ﬁﬁgﬁgsﬁ t ﬁ%ﬁ‘gﬁqﬂﬁéﬁgﬁdﬁo@%ﬁ%@gﬁf%% ng a

wal | ,10t heoflih¢ biv @iithgherdomtlede mota wislealriilingapl bysihagging heeaciramtliofthd die shaf t

t hrough a erjng,assenbly, . the steerjin ssenbly havin upper and | ower
housi ngs ‘E@%ﬁ'}fﬁ%‘g‘hﬂfﬁ 11&01]05%'}11& ﬂﬁlnﬁﬁ%ci‘%\%é?hQﬂf&&%%wﬁng tePikde  shaft
and bit; theyBeidi@ciorl&idImNahg assenbly with a downhole notor and steering
assenbly into the borehole” 30 rotating the shaft and bit on the downbol e

mot or to dril | providingmnaiebiator enpaginge ndinbgr adsecibtodevithitbeibit hmadjidt the espect to
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wi t h 15he wegmiolellnot or and the azinuth of the shaft and bit with the

downhol e notor to sinultaneously change the angle and azi muth of the bit
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t he pr eswgianqﬁdlggo%ggﬁl es a nethod of controlling the 5 direction of

a bit wh ng a boreRole formng a wall, conprising:
a housing having a first portion with a first axis and a second portion with a

second axis, said first and second portions being connected by a universal joint, said first
20  portion being operatively connected to the bit;
an actuator movably mounted on said second portion and engaging said first
portion to move said second portion with respect to said first portion at said universal
joint and alter said first axis with respect to said second axis; and
satd actuator moving against said first portion causing rotation of said first
25  portion at said universal joint from a first angle and azimuth of said first axis with
respect to said second axis forming a first direction of drilling to a second angle and
azimuth of said first axis with respect to said second axis forming a second direction of
drilling.
In another aspect, the present invention provides an assembly for steering a bit
30  for drilling a borehole from the surface, the bit being mounted on a shaft having a shaft

axis, comprising:

2c



| owering a bottom hol e assenbly with a downhole notor and a steering
assenbly into the borehole; rotating the bit on the downhol e t to
A7 U200

drill the borehole; bending the bottom hole assenbly at a joi’ 4
drilling by changing the angle 10 of the bit with the downhole notor while
drilling and by changing the azinmuth of the bit with the downhole notor
while drillings belyliaiies AR cBfiftcrddd duidHoiy'by a GhiveREl Binhedd, sdidfsast N
direction of drilling; and providing an actuator engagi ng a nenber
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bit in a #ggehole, conprising: a housing having a first portion with a
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sai d uni vigf8alyid B for ks - |yt o f is wth
espeot 15 aary Safed O dreokbibe ShE o VR Bofle R Bl blle ' 2
secorid amgyise azisavitharzsprot to safd talydixfs forhingxisscorididirecgspetdrilliag;saidd second

is f i d di g f .driJling. In another aspect, the
g)r(leZem?rPncgn?‘fogﬁggq%% Iﬁ’égg #gﬁgglejqﬁ%ﬂdp’d? r'}‘getsé‘éfgi‘%g a bit 20 for drilling
a borehol e fromehgncsibdrfaa5&t. tﬁ@ﬁre@ntt ixﬁ%hﬂ%‘b%"éﬁ%?gnﬁﬂloﬁ O?Qaﬁttrolﬂﬁ%'ﬂ{ég a

shaft axis, _CO[TEI’I"SI ng: 2c 17 JUN 20% a aving a nose connécted to
sai d bodyditsgtian ghi big mdwale dobimpechdrelmle,ghé bit beidg mcnttdronseshaficdoniyaisingg an

i d rotatably. ting t haft, sai tively . ted
o the hatc - cotenpite BRESEA Rt Riak R A58 Sl iy hef g bt he
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nose to nove the nose with respect to the dy at said universal
connect i onPRPidngtheethaftiaad hfse axis wWith respect to the body axis at said

o versal ComBGHR R TG 09 A0S P et getetes heviro
work string with the bit being operatively connected to the housing of the steering
assembly by the bearing pack and universal joint;

20 rotating the bit on the downhole motor while maintaining the housing of the
steering assembly and the work string stationary during the drilling of the borehole; and

applying a force from the housing of the steering assembly to the bearing pack to
change the angle and azimuth at the universal joint on the steering assembly while in the
borehole to change the direction of drilling.

25 In an embodiment, the steering assembly of the present invention includes a
lower housing mounted on an upper housing by a universal joint allowing the lower
housing to bend as much as four degrees in any direction. The steering assembly also
includes a control mechanism that controls both the angle and direction of the lower
housing with respect to the upper housing while under drilling load. Power to the

30  assembly can be provided directly from the surface and the control mechanism can be

controlled remotely from the surface. The steering assembly typically is a part of a

bottom hole assembly which includes a drilling motor having a power section above the

2d



body axis formng a first direction of drilling of the bit and adﬁ?cgzﬂw
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position altering the 10 nose axis with respect to said body ax

a second direction of drilling; and coiled tubing extending fromsaid body
to the surface. In yet another aspect, the present invention provides a
-method of controlling the direction of a bit while drilling a borehol e,

the bit being nmounted o shaft, rising. extending the shaft through
a steeri rfgeeé'g%’ﬁﬁ’ib, y F‘_P‘Fga E?aé’éllglpﬁ‘ﬁk ggg@r{h‘? ?te%éfﬁ é}‘?@e‘gbqigvlﬁ](ﬁj&‘f?gs &nnected to
a bear i nxparikn¥irchoH Mhe/QEGRlg dsQiniHly bbtheR BRI JoNEr Basikn 2RY BledRhing Supporting

the shaft and bit; lowering a downbole notor "and the steering assenbly into
t he bor ehuick. Adridl bitde crnnpciedig thei and of ke dyivie sbeftng operatively connected to

t he housi ng of .t he steerin assenbl y .the bearin ack and. uni.versal
Fornt: 50 P ot atingn P B IO, RS REE Sibefie o e reieh BBy A0 HAE R
housi Bg dinutchie bait @Rbkbdted as gRMbhér abekihd endvBidontkdl Willind edgdeQdiathy et Ng t he
drilling of the borehole; and applyin% a force fromthe housing of the

st eer i ng heysivapiby bell bewe anast ofrigslprasithal sornestide thaeousingl of thibragze packh at

t he univ . O ' I e i to
change t Ry phEhAbAlpksffaP b RabEa RARER e Ml ha £ b Rlord BB e
assenbl y e theepsle femt pienuentrelative nelaticke Hetweeh otve rmbiot iongr vettivneandn an
upper ho sing by a universal joint allowing the |lower housing to bend as
much as fHdH %Béﬁées in any direction. The steering assenbly also includes
a confgrol nmechanismthat controls both the angle and direction of the |ower
housing with respect to the upper housing while under drilling | oad. Power
to the 30 assenbly can be provided directly fromthe surface and the
control nmechanismcan be controlled renmotely fromthe surface. The
steering assenbly typically is a part of a bottom hole assenbly which
includes a drilling notor having a power section above the 2d steering
assenbly and a bearing pack bel ow the steering assenbly with a drive shaft
extendi ng through the steering assenbly between the power section and the
bearing pack. Adrill bit is connected to the end of the drive shaft. The
uni versal joint may be enbodied as a constant velocity joint having a 5
knuckl e ball connected to the | ower housing and nounted within a cage on

t he upper housing, the ball being a part of a sleeve that connects to the
housi ng of the bearing pack below and has bearings that are captured

bet ween the cage and ball by slots and grooves. The universal joint
prevents relative rotation between the notor power section and bearing
pack. 10 2e

2e
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angl e camthat can be attached to or is part of the knuckle bal'l *o

uni versal YOI H#654¥he angl e cam projects into the upper housPREUSHYERT e

t he bearing pack and drill bit. Wen the universal joint is rotated so that
t he bearing pack _a ril, bit.nmpve to an angle and, offset, the. angle_cam
noves in the ogﬂgjgsﬁ%?‘_ gofl regbaf]fsghlr‘[%g‘“ﬁﬁén%né\ﬁﬁﬁl%éﬁﬁtlcé“ﬂ’ﬁd‘ﬁtia‘f dOLR¢F P%‘ %ﬁ‘e
of f set. Theuekghbell @arthé sniv@isdbjoRt. Dhel pREcHE oS cTBTRE 5 u@sw%hé&nnggsﬁte
apart around the circunference of the inside dianeter of tHe upper hodusi ng.

The wedge thebrseing paely anchdrilhpisr ddhesuihe gnivershlgiointakesatedst thet theibiehrimg padi amsied
surface on_th I ot when all of the wedge menbers,.contact the
angl e camranitut@t [r)rgdsql ?ttlgoa(rf\l’azlmge %neégﬁ%rf%cé’ %&9 PBE SBR OYed (A {THRRPISHE SErHOR tq the

three tSedgemsrnpiensagnlinge an@teanbifeantetandR} dagt werMstdieo YBFaewBBIDSES HERT
the angl e cam can be greater or less than a | ocking taper although a

non- | ocki f§Uathpeaced apat puad dhapigcumiegmge oalthe insleghameter of THecunper deusingge

menbers a ISP, .4 0 nd .are di sposed between the upper
moust ng orier{ReRTdnitd SR AaHGH0 SRR ABE ol R B Bt
menber i s angitazhedo tivatawkkin WE dfriBé weded eménibérs Qonfikt YR Afdé Rain 6 URRIANE
15 or nore hydraulic pistons that nove axially inside,hyé?aulic cyl i nders

formed fofREchbyitha arial lasations oleeash diohy thres eveadge maenbars.pegmgleanticontact

cylinggrspt ' art a hydraulJc lifier which
is a ggdr auﬁegr??‘g{g\gﬁ%%ﬁel pli eénfﬁgtﬁﬁ%céa&gé bg r?ég%%rr%refeﬁsp%‘lgﬁeadlofgna\qhﬁ%er

wedge menmbkhsughronotbedkimgppipeets prefdied aipRr gBehllgf 19°h6 fibre/ e The ahle Witize

hydraulic anplifier uses og_e or nore hydrau%i c snmall er. pistons and

cyl i nder s ™ERHEThAE SUSHesT, Within 2 Miedge body axdarerlispaserd betaege theyupnes heusing on
cyli nder 51@6@&5@%&&1&6}%%}%@&%\; SPBL insJfle smaller piston is attached to
reade

a threaded screw that is t to a nut disposed inside the wedge body
such that theFash eedgosetibenisaftatiiel tbhr dradachin o Oncalpd ofvdriteardih gnoded@ene

body d thus the, snal l.er i ston can.be ¢changed by rotating the screw. The
opposﬁ]e &hEOBt H%”qfacrﬁ‘%tﬁﬂ%g‘aéﬂ“éﬁ/a?"é‘]]y asiceYdagplicr yhinders formed for each piston

- expandabl g/ G:eRidias b eTHE ARG AN ﬁi@toﬂ%ﬁﬂé& ﬁglr}-gleefsq}& REG, \99%?&{19&' ard P?gﬁ%f

other end of the expandabl e’/ contracti I's attac to an e rve
not or dri ¢&ydtaukie amplifier whichiing hygtaulie dorwe mmétplicrthamiatedes theafdragagsgicdnes

. which t i1t ile al l.owi i al t. The th ,
o ectri o e wbdgeon@apetiof AatSliegtouPenprer sad Bf i i SRy Sbe Padreutifey
are prevemnhplfidm Q63 BRY 8 Ride Wdhhl Eﬁﬁnémﬁﬁ&n@%&ﬂﬂfde{%ﬂ‘ﬁaef\memb&}é%‘ali frea

also fixed within 30 the upper housing so that there I's no novenen
t her edfbt weentharrigles laegsr pissensodnd: dydindenglagiacterh to she wedge membet.| he byaliarpising

on and of{ . lectr] tor .t hat e drive.shaft rqtates th
threaded S ca‘rﬁg(\(“/;}v{.é\}dvﬁt Pé ﬁthfeﬁ g?cg%{e‘ﬁﬁ@agés HH' gacéeﬂép Rt gf%’??ﬁﬁi, mﬁ*ﬂ% %?Fb‘fl'% odyrsuehe
smal | er pihat i ax¢AYSRRichN6T thaliBRRId RIORSative BOUE widoR!Hory dnE thes HHeCsmaller
hydraul ic pressure applied wwthin the 3
piston can be changed by rotating the screw. The opposite end of the threaded screw is
connected to an expandable/contractible member with a sliding splined connection. The
25  other end of the expandable/contractible member is attached to an electric motor drive shaft.
The sliding splined connection includes mating splines which transmit torque while also
allowing axial movement. |
The three electric motors are fixed in position within the upper housing so that they
are prevented from movement within the upper housing. The wedge body is also fixed within
30  the upper housing so that there is no movement therebetween. The position of the angle cam
is thus controlled by turning on and off each electric motor so that the drive shaft rotates the

threaded screw which in turn moves the smaller piston. The movement of the smaller piston

causes the larger pistons to move axially due to the hydraulic pressure applied within the
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noves axially either towards or away fromthe radi used surfa?eﬁ% §

angl e camyy; Nt b ty i i.$1.€ | ated in oi.l ‘b e
Bylide @it Be GRALE eergﬁn'egr}?ﬁvee%gxg?\y diG.2P ?q[ A1dy Qraway from b i‘rilaggu@ﬂ

upper housing on the outS§i es on
di sposed shrface afaht euiglsgamem capabl e of 5 sealing against differential
pressures as gt@h as 2000 psi fromthe inside to the outside dianeter. A

flexible bel | oWE BFrefYH& Meshigindeancapatstin of beiwseniths wpper hausinglon the he
end of thei@NgE aARd c;fnothteh%sﬂd@’vefhee ﬁﬁ 19fc11§p|%§ecf lhng \S{s%gf[egrﬁypt%‘{ngggpgl[ﬂe of

housing to form a chanber for ousi ng the 0i

f 1 oat § ng sedlimgeaganst ngjifplestiainpiessides podegh ab@0e0t e froh @Ré ihEdaM6 Qhs FaRsde

i ncl udesﬁla h?ﬁori Qgg%@og Y\/ni ch.produces a small increase in pressure 10

i nsi de t AEBE" ¢ By ! it Faspiercsdialasiorgeraranetal is weadiedite theendef.
That por gl cdrhnd & NGRS AP LIERILIEE i AR Lo P oL IR RI-3! 085, i

i ndependent _cc1 osed systemin comunication wth*a pressure
The bot t brusieg ¢heasd éntshy syserpr eAboablypatgn oeapatatios BREROH diepssel |aBevd wi ng
ext endi ng to. the surface I\f/\llgere el.ectrical conductors and data transm ssion

conduct oF¥CHs TRETS pad iaglndes 4 sRENE isieR i Wiacl groduges anbyma! acseaseinauesre o |

a poyer SRR tednthaibba ' | S ! The..
el ectrical conguct ors prﬁ%hgfeﬁg%m&g% H%lgﬁ] #gggﬁgtursfoﬁg@%@gégl y a[a%%—“?ﬂé’f g}ft a

t ransni ssylonlesorigtieear shprandldendoharpni giatbhonisbeh wedspdndents Widses esynshn t fe
steering_ assenbl W Da teering assenbly is transmtted to the

f t he
surface Wnererf@upg wi a%@é%?é%%%ﬁé“@urface processi ng equi pnent and
cormands rmay thenbéteorh Fed1S Nsk:aBIyt & pRGerdBl S LBRAdAR 75 SOEHokt ré%fﬁﬂggihﬁb}nﬁg

surface to, for exanple, adjust the bend argle and direction of
The st eef¥ARdias $e s Surtagy whesoeleeminelndandbetoks aral date tranmrfiiasion vondiciaatn e of

t he ha j | e. direction. ther objects and advantages of
e 182088 drto RO B, 8% e h S R b SRR Bl
DESCRI PTeqmpﬁEntTiﬁEpdamm&NG&fF@recaiodet:@{u‘du@d:rgi%%&Jia@gb@& gi {r% a?%ég‘fn%r 18€mbly

embodi ment of the invention, reference will “now be nad
acconpan$ithhreaddpitrrgsmigionesondurtoguprevids ¢ammusichtéorabetovesn ahe airfare encattel e

wel'l; Fi i | view. of  a tion of .the schemgtic of Figure
el o S Bae) SR LB AL s BRRIY SRk SRR SRS L AL
vi ew of pivecssed bpihdwirfacaprieaiiyg edi@mentink BirRankd mdy1REN B BAnddified (o the
steerable assenbly of the present Invention; Figure 2°is a top end view of

t he <t eef'&BIMG 48¢BRIY frowr thri Yifieee 10, sk amgpieh edivstoths -besd anglenan b irdétigur afs
SA-E Fi giligg. | Th sierifd dsdehBy $5ayl 85 Gansmit back to the surface verification of the

change in bend angle and direction.

Other objects and advantages of the invention will appear from the following

description. ;
25  BRIEF DESCRIPTION OF THE DRAWINGS
For a detailed description of a preferred embodiment of the invention, reference will
now be made to the accompanying drawings wherein:
Figure 1A is a schematic view of an example well;
Figure 1B is an enlarged view of a portion of the schematic of Figure 1A showing the
30  surface apparatusr for the well;
Figure '1C is an enlarged view of the bottom hole assembly shown in Figure 1A
including the steerable assembly of the present invention:
' Figure 2 is a top end view of the steerable assembly of Figure 1 showing the cross-

sections of Figures 3A-E, Figures 11A-C, and Figures 13A-C;
4



4 WO 01/46549 PCT/ USOQ 33929 17 JUN 2004 Figures 3A, B, C, D, and E are a

cross-secty,gnalehew of the steerable assenbly from the unj Lint to
the electric m)tsoér'. taken at section 3-3 of Figure 2; Fi gurei)é%;i@@déybg

cross-sectional view of the wedge menbers and angl e cam taker 7t JEd¢ 12004
4-4 of Figure 3Agurks BAJBI €, B, iafid & RBISHEELM G0 %Y!fuPBf Eh*agste%%'léas%é%ﬁ@am.
er s

in Figure 3A;  Figure 6Ais a top elevation view of a wedge nenb own in
Fi gure 3Athepvereal 6@ni i the elpeiss maserntilemat sedtions3et ofi Figuaddge menber taken at
section 6-6 indriaur . FLOur c.is bottom view of, the wedge nenber of
i oure oa 10 gy s 8 Bost sttt B fo g et o snele 25 et ¥ ovposy
a mechani clad ofiige@BA,C drive train shown in Figures 3A-E for a wedge
menber _engagi ng_the angle camp Figure 8 is a schematic view, partially in
cross-Secti on, BEUEA 1 PeEPReLivG vieweaftbmangde catg shoven inrEiguwreBdy, a wedge nenber

engagi ng the a i 9 is a schematic vie artially in
cross-section, @g#ﬁgﬁg{%grlf&lg‘!fi%\zartlﬁgtv?e\%o %/WF%T?I lpgngf§¥}lbﬂ % lgPFeae?/‘”h_ for a
wedge menber efg@age 68 it herapgeRionaMicw of tHWeigkGndribat 1AleASS s&f6h 6ANR! FiYhew

of the of the lower ends of the |arge pistons of the hydraulic anmplifrer
taken at $é6tion 10-10 of Fi gure 3B; Figures 11A-C are a cross-sectional

vi ew of the st A . Lo} ther rti .of the pressure
conpensati ng s;ﬁ%@%h§§€g§§ﬁ%¥%%%%g’eggé;%ﬂni_ Er?%ﬁ%‘fregg’the top end of 20
the sti@ering ad$gnblys b altemaat viees paanallyin dbs@bediof i BecHanYr BydkailicHirife

cross-sectional view of the nmotor drive shaft centralizer taken at section
12-12 of FEAEVEH: Figuiprds Eione wedpemamberpngagas thegmale opmew of t he

st eerabl e asse j rtd the essure G 1 Syst.
rom the ang o Bats fosthanelaly s bantily BLBLRRENE S SRR I SaneT
Fi gur e 2; dRivguaie févla wedge roembe-engagingtheaiglehanpr essure rel i ef systemfor -
the hydraulic %rgt)l i éi.er shown in Ea&giﬁ es 3B-C, Figure 15 is a functional
bl ock” di agr am &1E¥ha 1 SHEPBHF 9% 1Y 1B £raspracalion o1 angthes albesnai ye: hydpulic
Fi gur g5 16 diige @ﬂn9{616«{'@Ed’g%&h@%ﬂéé%inﬂhe%hgﬁ:%%ﬁtng of data and the

transm ssion of commands between 1he sur

-sensors and cofigust 0 & a cross-seationaingew oif sheeaf the lower ends of the large pistons of the
hydraulic amplifier taken at section 10-10 of Figure 3B;
' Figures 11A-C are a cross-sectional view of the steerable assembly showing another
- portion of the pressure compensating system extending from the electric motor to the top end of
20 the steering assembly taken at section 11-11 of Figure 2;
Figure 12 is a cross-sectional view of the motor drive shaft centralizer taken at section
12-12 of Figure 3D;
 Figures 13A-C are a cross-sectional view of the steerable assembly showing a portion
of the pressure compensating system from the angie cam to the middle spacer taken at section
25  13-13 of Figure 2; .
Figure 14 is a cross-section of the pressure relief system for the hydraulic amplifier
shown in Figures 3B-C;
Figure 15 is a functional block diagram of the electroni¢c controls of the steering
assembly;
30 Figure 16 is an exemplary flowchart of processing of data and the transmission of
commands between the surface processor and the electronic sensors and controls of the steering
. system; _
Figure 17 is a cross-sectional view of an alternative apparatus for actuating and

controlling the lower housing using hydraulib pistons;
5

ace processor and the electronic
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Figure 17 is a cross-sectional view of an alternative appar SEGISpY3929

actuating and controlling the | ower housing using hydraulic ‘g)i- t ; WO
01/ 46549 PCT| UBQQISB820a Bioguscetibfalivievaef QSmcaRfiht APHraml ?a\ﬂeﬁﬁt g&ﬁ@g&gfgﬁﬁang
appar at ust aken at section '1$ ih Figure 17; Figure 19 Is a side viéw of a
anot her aF]tgé‘F% ‘i ve apparatus for actuating and controlling the |ower

housi ng usi ng ) : (=Torch ilgure 20 is a cross-sectional view of
the actuating g%gg? 2% %24 %!Ti@\él%gur e ﬁ}‘g)ﬂ@égg?{ngqveaappma&ﬁ O AGipatle 4nd copeelling
18- 18 of t#edower MbwsinEiuging enc2hariisal deverqes- sectional view of a still further
al tergati ve ap ar‘atz@.for actuating . and controlling the | ower housing;
Figurés 22 is a&s Saetassnenioppleiewroldhe atthetingatppastuang Bgorm Gndtemadge

menber s @Qnéjgiﬁﬂg,s@qc&gbﬁj’gely&iyig[n%all-f.j oi nt taken at section 2-2 of Figure
2, Figure 23 is a cross-sectionalP view of the cam sl eeve di sposed on the

angl e cam of Figgterl B2 cibsgsecso2d visy af 6508 FusR&tHeARkvY bEWrRhs Fhecham,
sl eeve taken atﬂl@' art}gf”m- 24 of Figure 23; Figure 25 is an elevation vi et
of the welJSOREAYEE NABWAT ROPSEiSyure 22; 15 Figure 26 is an end view of the

wedge nenber ion ;Ei R LoFLgure 27 1s a bottom view of the
wedge menber ?ggwﬁsi n 15#%5&&5%12&%?‘@13&@% g‘ﬁ%‘ﬁ“ﬁ?&ﬁ%ﬁzﬁﬁﬁ) VEABODR VRIS
The pPesehsposed/emthicomiveslabjoes tlennetdedds 2@t Mp@arat us for control ling the
bend and dirﬁlg.tio'njagf the bit in the drilling of a borehole in a well

i ncl udi ng charndfg th8 HFTEFEFRYoNdoviey ke sap deevendisprised whi the adglel dammgf
The presefguengention is susceptible to enbodi nents of -different forns.
There are shown in the drawings, and herein will be described in detail,
speci fic enbodiigeni2d ivh crasesetiesdniew nidechorsiesive kbhe: plaseISdARHERE LAt

t he present qii%?rleq?i"e i]s to.be cop%dered an exenplification of the
principles of the invefit o ARy 8F Wetvedes memhershawn indigure R&; i nvention to

that 151 | ust r atiigurand islgs&td Rew o Bkl ' i@ ar i ous
enbodi ment s of ,theggr_esent i nvention [S’F(%I\?fi erg%%]lr]r%}eﬁlﬁl”{é? 2\Sgllimf“#)erent :
const ruct i ons TagHe Aéihobeitan vispeolthe vredgs membestheenahbeFped BN each of

in ot ongu o ONPE SR EREIT ERGBIBN £ ng' bor ehol o, “a i det  acked

e A hahsrine B o058 SR o 2P

conpl eti ﬂ{jecatl%, %ﬁﬁ@t pihAn zlaméplhngeoﬁgﬁﬁ@gd:hMirs aokelt heclpdieg @hbnginy eRe idaNid so

b oviale farcBlay 8 e/l g&]@g%g.‘;ﬂfry“ﬁ%& e nios Ty sde i o 1r¥1bgcfiin;[er1;§s of
different forms. Thcr_e are shown in the drawings, and herein will be described in detail,
specific embodiments of the present invention with the understanding that the present
Qisclosure is to be considered an exemplification of the principles of the invention, and is not
intended to 1imit the invention to that illustrated and described herein.

25 In pan:icul_ar, varioqs embodiments of the present invention provide a number of
different constructions and methods of operation of the steerable system, each of which may
be usgd to drill a borehole for a well including a new borehole, an extended reach borehole,
extending an existing borehole, a sidetracked borehole, a dcviz;tcd borehole, enlarging a

| existing borehole, reaming an existing borehole, and other types of boreholes for drilling and

30 | completing a production zone. The cmbodimems of the present invention also provide a

plurality of methods for using the steering assembly of the present invention. It is to be fully

recognized that the different teachings of the embodiments discussed below may be

employed separately. or in any suitable combination to produce desired results. Reference to



recogni zed that the different teachings of the enbodi nents di scussed bel ow
may be e Ioiled separately. or in any suitable conbination to produce
desired ré8Q9Ptd54Reference to 6'° WO 01/46549 PCT/ US00/ 3392BCTUSRAIVUN 2004

"up" or "down" are made for purposes of ease of description ﬂ h}jUW% U“r
ererri

meani ng away. from the bit, and "down" _neani toward the bjt. Q}
initiall yW?% Hg‘{l]gr‘”é‘ |ai? glaﬁ%ﬁg PUPRHSWR “af %{2‘2% "Bhp Y‘fﬁgré{?i ARG iAVEH T
for the prigsenind Meent idnnifgololagl thepitng operation system 510 includes a
power supply 512, a 5 surface processor 514, and a coiled tubing spool

516, An inj ect dtcieraag initiplly sa Bigueedd. thet i shewnsancoiehpthry wptngng 28vitoromerdthe
spool 516 4 522 . Al thqugh the.coil ed | 520 is preferably
conposi te f%x‘(}?q?g%ﬁ? Illjt\tl)iﬁ!ﬁ%mﬁ’g'r goﬁlgéf@f %8%‘3?[?%%%’,3&?1% @6&%6%%?%%%@?%5&&, a
that §he spifeseptocdsevesitd, @nd iaSconiel thlbimrts?_é’oltﬂ690m9(?1%ic&t8r feid ed: BE’EF. dids 3

e

may be steel coiled tubin with an unbi ical nounted on the steel coil
t ubi ng. AdHS?tﬁéﬁﬁl%rl@lrwséﬁhﬁ P the speolshidnmtal theavelh 682d Atidotipte theowstied enisingf

it I: i t,.endi .0 nt devj at ed hor i tal -
bor ool o 5391 fiedril) Baeu AN AN ARE WA 0SB & St b s ant i
for expl sdrapresent pveppsEes motniikdto thApRELSEd itxfW@g"ﬁricpﬁa% ﬁe BRE] ¢difkh t@flnk O

the particul ar boB, hol e disclosed, it _being appreciated at the presen
i nvent i on "y mempidicy mepnigd op sl starl goiled arEng. Fidgeatom belei dsbensily d06s sbwivh ed

t ubi ngy uni id 1.zl 0 . i i ng site. 15 tubing 520
over "o qarepgl e |oRI Ena AR onbie AEiE RO AP ERP Bisbfiing, dnip drited or
coi l ed t bbfingd2hréisolé dRéedittdhoaldgbe hppibidteddmay ¢ @mbaarndids idatQines! for
522 by injector 518. Power ply 512 is electrically.connected b

sup ) ASe Al 1 : y
el ect ri caF* BRI RUIPASE and, Mt the BIegent invaatior dhaen imited to theepamatulardforehole

conposi t e4zej el I r : , ocessor 514 includes -
dat a trang’%ogfgtj)tnﬂég{ogﬁ%g?%gmgdjg{a{ {J}%F %stgﬁﬁgg%i-g{?%ﬁga da lgse? ? INSHHOSE iwgﬁ p&lans'
conduits al so KausedBiilutthes2@ilediibing usioFP6 siitieing Gpb& s lsUbr fgdbdongosite
shoul g. be wr% at ed %gaqt&gpo%ﬁt% cogduj ts 538, 540, and data transm ssion
condufY s BYHIE S740Y68 GUEIE 6 FAGHEn dBIsH9s PL & apd siripgeimdd. Ehe epraposiesaged he
entire | epa@ldy 590 is eoR&SIH i i 8 ﬁ}ﬂ@tp h
supervi sory rtgm)dull e 580, E&%lggg%%ﬁ%ﬁ%ﬁgeﬁa%@ﬁ#gs[i"e ﬁ]?%tlffl%glér ?Ofg,r

di sposed $upPpliofidin tlettdcalhsemmityd by . eldtscs) @opduicoiidyises tarbcdRbRca@iniy it S
preferably conprise an.econpmi cal, w 25 resistance conductive materi al
Clch ng sUFaiALAr SOmRaNt R0 Wk 3208 Fru@niie sypiere arcaHor Sf e g data
09/ 081, 96i&adsnligtoVByndifts 549 984ABEn KRt ﬂoeﬂjatp!iﬂahédli'ggo@ééﬁ: s 4165 i8¥%ed in the
incorporated herein by reference. As shown in Figure 1C, the steer abl'e
syst et of Wahof spmpesite doiled ighing SRAclusheaidbe bppreciatchohe msee rbhduitsG38as4tg

Lt or BT Yol e B B R et iy S CH 4
along the entire length of composite coiled tubing 520 and are connected to the supervisory
module 580, hereinafter described with respect to Figure 15, disposed in bottom hole
assembly 10. The power conduits and data conduits preferably comprise an economical, low-

25 resistance conductive material such as stranded copper wire. See U. S. Patent application
Serial No. 09/081,961 filed May 20, 1998 and entitled Drilling System, hereby incorporated
herein by reference.

As shown in Figure 1C, the steerable systerﬁ of the present invention includes a
»bottom hole assembly 10 having a bit 12 mounted on a drive shaft 14, a bearing assembly 16,

30  a steering assembly 20 including an electronics section 18 and preferably a near bit
orientation sensor 556 having an inclinometer and magnetometer, an upper constant velocity
(CV) sub 616, a power section 22 with wire subs, a check valve 618, a resistivity sub 620,
and an electric disconnect 622. The bottom hole assembly 10 may also iﬂclude a sensor sub

624 including -an odentation package 554. Further, the downhole assembly 10 may include
7 .
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constant velocity (CV) sub 616, a power section 22 with wire heck
val Ve 618, a resistivity sub 620, and an electric di sconnectf@Gﬂ UN:
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with a wi r &R asr‘hoéiﬁgq?@ngroc Oé’ct? Boilesk tupg eofiihpire askasmbingy 28 wsd ng
ei t her C@CﬁﬂDSN\I}ﬁ . U6 ﬁl‘(ﬁﬁ[ﬁﬁll oftth'bBQorH Ho]esgs%gmg{}/ :89 ﬁ ated that
0

other tools may be included in the bottom e asse FrQgposite
maki A§ upueing opeiceldnbingl & shoulkshiisl appiddiared thavethyr depaney Bglmdcahﬁthdthg
drilled. 1t should be appreciated

t b he bor b
Chat 1 hgf%? %Sgen? 3’% e{rnl'%"'e‘8ﬂ@|‘§a OB§ up ?*I?ﬁn'g@amﬂ bolg 3sagrably di0awilbeary dapdnding on
assenbl y thndribingesys@hi @élﬂglhkéé?ancﬁﬁﬁq{@éﬂogé%a ghdﬂl%?he HS8Y- beFﬁ)f{%ﬁl %g hat

the steerjing assenbly 20 nmay be separ at power se
| ocat ed ABobESaaYsHier lsswtlnmmedz@ a pagti¢uier badenahble a@ﬁbnﬁlﬁl? anB@ther dUadnative

corrponen o) oI e [assenbl and their operation may be found
S. ta§s€?‘¥)b\]/€e§?%$’ ;1% app{‘?l Catid ﬁx%P?la?hel\%ecnéél"GW@Z 60 mpy by separapefrony,

19971ént ithd paiverBBettion 2YoSysiediabord e Power Ab
09/ 081, 961 filed My 20, 1998 en?ltlggo Drlsalt&a}bﬁg g}%ﬁ@ét!’@%‘%’ﬁﬁ‘ﬁ ‘%“’ma‘

i ncor por SPREOMALLOh thy bogemr kele casseablyhid stl@ehmn@pasmenhhyy 22 fonsd udets 8n

LOPnt 30 orab alARARGH el Rl BRE g L Ben 12 T 5p ertiehRuling Spsem
housi ng 2&d U’h& paterr agplicaiong S28ali NoC09/08¢bed 184 %% 0 f?iggnl%gglg C}'\hg)gﬂ:
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near bit orientation sensor 556 are preferably housed in pressure housing 27. The power

25 . section 22, above the pressure housing 27, is typically a positive displacement motor, often

referred to as a mud motor, which powers the drive shaft- 14 which extends through a

flowbore 120, shown in Figure 3A, extending through the steering assembly 20 and the

“bearing pack 16.

' The bottom hole assembly 10 may also include propulsion system 670, such as a

30 . drlling tractor, if the assembly 10 were run downhole on composite coiled tubing 520. A

tractor is not required if metal coiled tubing is used. The bottom hole assembly 10 is
preferably run on a non-rotating work string 25.

Bearing pack 16 supports the lower end of drive shaft 14 with the end of drive shaft

14 being attached to bit 12. Bearing pack 16 includes radial thrust bearings that support the
‘ 8
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string 25. Bearing pack 16 supports the |ower end of drive shﬁ@gﬁﬂg

the end of driv ng att to bit g

i ncl udes ToAH" 8‘9 g}éztft ﬂ)% ggﬂcﬁépgs‘%p%b Shtaﬁeltéﬁim 6 ? AGD

PCTf USOY ﬁ%ﬁ@g patkbe! at‘lﬁé”ldv&?%hﬂ R ey SectiBRRh. The bwﬁngegmeta fs%nvaﬁudi{au ve

shaft 14 of f of a thrust an bearing package at the | ower end of power
secti on 2&hd Whig kbewn iimthepag Kt s}@uilttbe:mppremaneddmlt vaod tywslof leanwg patks ben bet .

It should be a I%@g}l ated that various types of bearing packs can be
nmount ed bBIPYWeEL ﬁ@e%f’éﬁﬁw 78 5 Referring now to Figures 2 and 3A,.

Fi gures 2 il usaliRfg R MATIAHS Efaﬁé%éeﬁ?hx%r@ 111&sf&fafé§Qﬂe ShB6h Bﬂ)s@§&‘ﬁ6ﬁ§y
20 which are shown in Figures 3A-E shown i n Figure 3A, upper and
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knuckl e j RioRhbiBWsd HUtHRAeRINEEe 2R eh 6 HORBTs dsSrBlRaD. bOX end 38 of l|ower 15
- housi ng- 28. The knuckl e joint hous’ §6 has o/outer concave surface 40

in pivotal endagapriveral jpin %ﬁ@@%csmspmamadrﬁ% htasrankmisklechd! o sphese. 38

of ) ower DANS! Qs Plary AR bR SIS UBEIL SHTHRCER.AR. ol2a N0 R

a w per sea e | odsl1 ng an | nner

surface 4@imgaptiaticklerjopitvigduing 86 gage®non Whi fupphie tepmitreil bs)ﬂh@fd e& of Slakfeac e
48 of knuckle ball 32. A scali n? nmenber 50 20 seals between surfAces 46,
48. The Khohskre 2Boi hhe dngekle jgintihousihigndk thesl anooyiae consave rfage 4f inopiwptal

housi ng 2&1&%% RP{ tc@, CA0SurRee 4&0?1%8‘?&&%1 letid BE BM)E%%f'ldlvér'h Qggtzgmds?f

t he box en prOV| e proper pivotal engagenent between Surt
42 and 46secalt 84 sddiebdeneek hefacEodit4Zemdshamgb8s wipeelsexles a plural ity of
bearln 58 which is also disposed in a

'sBﬂ'eYE ol ot G R KnGHE SR8 AC DR RS GHFF stsface 46 SgiedRE bl
1o “hac g Ml RSP I GOREISHAT 350 A58l pso
j 0i nt2(B0 faaidt rewesmairfdes4@ 48aginetithuokletjbimt Slower 3fer$d:ooﬁequqa:pmrthhbux end 38 of
lower housing 28 such as by threads 52. A spacer 54 is provided in the bottom of the box end
38 to provide proper pivotal engagement between surfaces 40, 42 and 46, 48. The knuckle
jeint housing 36 includes a plurality of individual slots 56, each housing a bearing 58 which
is also disposed in a spherical notch 62 in the surface 48 of knuckle ball 32. This allows the
.25  knuckle ball 32 to fully rotate within convex surface 46 of knuckle ball housing 36 upon the
application of thrust and load.
The universal joint 30 further includes a cage 60 on the lower end of upper housing
26. The cage 60 has a downwardly facing concave surface 64, which engages the spherical
surface 48. Cage 60 includes an outer threaded reduced diameter 66 which is threadingly
30  received by knuckle ball housing 36. SpAacer 68 provides proper -spacing for pivotal
engagement between surfaces 64, 66. Knuckle ball 32 is thus captured within knuckle ball
housing 36 and cage 60 to form universal joint 30.

Since knuckle ball 32 is rotatably mounted within knuckle ball housing 36, the nose

ot lower housing 28 may pivot on the lower end of upper housing 26. As lower housing 28
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t he is 72 Fe bit 12 with respect to the 15 axis 74 of the fremnal nder
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angle cam SH aﬁ shown_in Figure 5 and each have a radi used surface

ext endi ngPYEAERT PRtk (LhE IcomoturiagesBfn, S6baBfwdo ast extonh all nhEnguranLBﬁ aniphe
radi us ofecaf ienche a e
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i nchd8 behgle qainved apehown 10FEgarb e A ullkk aadino @y <8z erfa%@ﬂ'S@ 1§§f@f§r@b!ystwclve
recei ved.wi,thin an enlarged bore 92 within knuckle ball 32.
form ng BTG GOk goihan i Genler b jOBST tieamickie a3 ;apprnésnatalw uandoone

prevent 'hﬁif@ﬁdh\é@bél@@vﬂ:ﬁb&%o?ﬂthb%mlaMd?W%meecaH 88 i ecoived within an
enlarged bore 92 within knuckle ball 32. The wall forming bare 92 and the tubular body 82
have mating splines at 94 to prevent relative rotation therebetween. An expandable ring 97
25 connects angle cam 80 with knuckle ball 32 causing angle cam 80 to be an extension of the
knuckle ball 32. A sealing member 98 seals between angle cam 80 and knuckie ball 32. The
angle cam 80 pivots and rotates with the lower housing 28 and thus with bearing pack 16 and
bit 12. The angle cam 80 projects a predetermined distance above the pivot point 100 of
. “universal joint 30 such that upon camming angle cam 80 in one direction, lower housing 28

30  moves with the bearing pack 16 and bit 12 in tne opposite direction.
Referring now to Figures 3A,.4 and 6A-C, there are three wedge members 90a, 90b,
and 90c having wedge surfaces 96a, 96b, 96c, respectively, which. engage the three cam
surfaces 86a, 86b, and 86c, rcépectively, on angle cam 80. Each wedge surface 96a, 96b, 96¢

contacts a corresponding cam surface 86a, 86b, and 86¢ over an area so as to provides three
10
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~to 4. Thetpggffi%ecu onal changes are made gboust %l vot g@ft 1%%”@#69%5&%18

bal | ring now to Figures 22-27, there is shown an alternative

enbodi nent of nmenbers. Refe :
particularly t%g@{nﬁg@pgé%gﬁ% ﬁzéadzaﬁt {} E?rﬁa{P %58"“8.%61{%?{5‘18 %b%‘gmeﬁwﬁl%ﬁ

i ncl @es aglearayh eandama wmge aBmdeg| Réfafng ;ﬁl@ﬂ&ilﬁ?}zto Biddred 20bAInAL i efiyeam
menbers oy. d|re tional 8e members 480 to control the direction and angle

of the drdiTecHoRs d?’e‘ilﬁﬁlsm £6Q jncluges amangle ccam 470, is aoglenemrt elbedy 490| iandsa at

474: tot P}ﬁ‘urality of cam members or directional wedge members 480 to control the direction and
o | angle of the drilling of the bit 12. The angle cam 470 is connected by spines at 474 to the
knuckle ball 32 of universal joint 30. As distinguished from angle cam 80, angle cam 470

25  includes a spherical head 476 onto which is disposed cam sleeve 472. Cam sleeve 472
includes a cam housing 478 having an arcuate curved surface 482 for slidingly and rotatably
receiving the spherical head 476 of angle cam 470. Cam housing 478 includes a bearing race

484 positioned opposite a bearing race 486 in the head 476 of angle cam 470 for housing ball
bearings 488 therebetween. Cam sleeve 472 includes a retaimer ring 490 having an arcuate

30 surface 492 for capturing head 476 within cam sleeve 472 by the engagement of threads 494.
Bearing race 478 includes an transverse arcuate dimension allowing a limited rotational
movement of cam sleeve 472 on spherical head 476 of angle cam 470. Angle cam sleeve 472

- includes three upwardly facing and inwardly tapering caim surfaces 496a, b, and ¢. Cam

surfaces 496a, b, and ¢ do not extend all the way around angle cam sleeve 472 as shown in
11
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housi ng .104 t roper | |igned with the | ower tubular menber 102.
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The | ower ‘term ha mot or housi ng e upper térm na
of | ownerthe gbunegtiomsogatherl 0Qnhaf ¢he pirdlaske thre das e defl 08ndelil Rithrigs R | piebYx

for thr naa nt.with the threaded pins 112, 114, respectively, of
turn bucB &) POBS TRRLTBUed: Wikt BSGe 10 Foiyee e mea ooy & wAver
threed rhéer EONNEC1005hd 1898 NBiar G lbb?%rﬂlﬁi@{e@%g LRAds is left handed

with the other pin/box thread being right-ha y “the turn buckl e 106
rotates duri rfgenéighfleetonn ! ishexthadsuthp dengt ®f sirecing hsesitig 2004D ANt Owves

the | andl SroutE Aot RTE. RUBRRS Boy B e g dsetcaeSwrt b mid sasger 11 ohber e
120 to tduivchhhft 12, sishviie Flus® 195 860 eReROVRHrob HE IBUS oI R, 28e Albore 120
' through upper housing 26 is formed by a lower inner sleeve 122, a bottom spacer sleeve 124,
25  a middle spacer sleeve 126, an upper spacer sleeve 128 and a bore 132 through motor
housing 104. Lower inner sleeve 122 and lower tubular member 102 form an annular area
130 which is part of a closed fluid chamber 320, hereinafter described in detail, and extends
from the universal joint 30 up to the motor housing 104.
' An expandable/contractible seal member 136 extends from the lower terminal end of
30  inner sleeve member 122 to the upper terminal end of angle cam 80. Seal member 136 may
be a flexible bellows of either reinforced elastomer or metal such as a metal bellows or a
flexible rubber boot. Alternatively a cylinder with seals on each end, extending between
member 122-and angle cam 80, may be used as a substitute for member 136. Member 136

may act as an oil volume compensator. Member 136 includes an upper box end 138 of
12 '
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provi ded t e. connection,and snap, rings 148a and 148b majntain the
connect i on@?@ﬁ%n{t@r Isfé"g&fi%tbqug?tgg SPRE 2 11g 8,“3%§‘HE H)%;;{Ee wfd iy plogssh Bpidglambsr
area 18D f320M Ay bldsige Qiftdrélgiabadib@MeROMEREOUDS i€ SidVAtherd:] OWoOr e 120 and
around the drive shaft 14 (not shown in Figure 3). Thus noving parts,

her ei nafter desBelepéng agiupddgitigs 606 eench lwrdge oreamtize PO 3@0udes en-elmtgate arcuate

ont ani nat the. drjlling flujids flowing through the.central flowb :
290, - Wonbertty e S d cdithe e Spirn N0 o D [obiet dpt 874,.£ 86 19vsBativappst
the drilliergl. fT-hists14Bhs aﬂ?ait bf Boled 1445, 144b tHeoMbBRUSh ¥810ada%h§ﬂgths&lxg\fb§ %}h ls¥eh

the sane as the pressure of the fluid in closed fluid chanber Any
pressure dBSTHEFBRISTeseRbs SCHBREING R EBES SUEe| % ¢anably greaientor Iqefthan a erking

2001 ko T Al ochORNE U, R A0 GG TDELOROR. iyt e

body 138 having a famm ng we on Tt

142 on it sprefepanly, @noning-weizd sidaecrbisal Par mart shiekasagddass thadbse is typically
t her et hr ough .fdor at aﬁ%n% a drive train such as herelnafter de_scri%ed.
Cammi ng weBgR ey BST- b8 raancs tager |46 suelhap 48°) isclsonprovBled dpeatlow

al though anh@nndPokhide taR&p 1S preferred and is generally between 5 and
30'. More preferably, carom ng wedge surface 96 is 15 or nore since a

taper |ess thamRdfBtringsnavwy i Eighiey 7, 8,0msli 3 ensousadri @cked@nisART drife ElaBR MAACE:
L C I I T I WG TR R M
80. Réterr i ot g , i pegtive
trains MA@ train 150 of the preferred embodiment shown in Figure 3. This is a mechanical and
hydraulic drive train. Figure 8 illustrates a mechanical drive train 152 and Figure 9 illustrates
a hydraulic drive train 154. Each are powered by an electric motor 174 with the elecirical
~power preferably being provided from the surface through electrical conduits 562, 564,
25  shown in Figure 15, extending through composite coiled tubing 520 or altemnatively from
batteries housed in bottorn hole assembly 10,
Referring particularly now to Figures 3A-C, 7, and 10, there is shown the
mechanical/hydraulic drive train 150 for individually operating each of the wedge members
- 90a, 90b, and 90c. A generally tubular wedge body _156 is housed in closed fluid chamber
30 320 and includes a plurality of fingers 158 projecting from its lower end. A support sleeve
_ 160 is attached to fingers 158 to provide sliding support for wedge members 90. The three
arcuate fingers 158 extend downwardly past the end of wedge members 90 with their

,‘ terminal ¢nds engaging upward}y facing annular shoulder 159 on the upper end of cage 60.
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20 used W® WH6§1% he axi al extent of the individual wedge neCHERE/B®RY -
Figure 7 illustrates the drive train 150 of the preferred en i t shown
in Figur and hydraulic drive train.
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housi 4 h.of..t drj ins 150 t yating. wed

romper s oo BaeREE0 Hait ISETA HE Thorg R chith s8S rfe B e,

only oneand¥mdlhgis@hk 198 lileAbis sobifdd eRB ofl @RChid2adedeR &hBirs 90 DY §o&dind Jf50
an a

i ncl udes a hydraulic arr&lﬁi)fi er 170, a nechanical anplifier 172,
powe® sotAck dangp pisien 86 ol reafuced dipmetershaft Hparvehich passaplhirbigr agef@résniddades

apar o e. 40 pi 76 assogi d th a, small pis 178. The
pai r of {ngr g‘{é&pﬁns glre\ga ?E}g%?s“}céi%gp%csrgﬁerﬁén&l Qr'l\snagr A foﬁﬁérsggl‘gtogé}ﬁi” hEPEHE |
pi ston 178,186 drsiapestdion cuthlsideCytl thddBheatOrs2 65WedRehEmb8090. tAheP§hiitts
azinmuthally spaced in 120 arcuate segnents in wedge body 156. Each wedge

menber obF4 FefAPHERE fetwsen pdpvnyardinfadngiskowde 188s0on Thrge oistor [7hrand dhet s

of larg .St s 117 siBlsl (ph S 18, 1. €. e set for ,each of the
three wguc}g;fr%e A gggagﬁggﬁ%gmé‘?ﬁe%%&?f) &fg sggggs Ilggg%replc%?tfﬁdl%wﬁgg é‘e
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T-head 142 of wedge nenber 90. Upper and | ower sets of Belleville springs
184, 186haftel84i 9p0Emg2 springigpdsd genpcliphe Q-ringagroovss ofd dimpgeic rrealseh9200e

IUQPS; Bpi@é%ﬁ(}%édl a71%'>§§crl] gz{rg% gﬁgatnufﬁdfop géﬂﬁg%nﬁa&%\f\% &l e L9G D8P DM lo?%gfli%gesr on
~ 180. The Belleville springs 184, 186 permit limited relative axial movement between large
" pistons 176 and wedge members 90.

25 Clyinder The 194 within which is housed small piston 178 is an upper reduced
diameter bore in wedge body 156. Small piston 178 also includes grooves and dynamic seals
196 for sealing engagement with the cylindrical wall of reduced diameter cylinder 194.
Cylinder 194 is filled with an incompressible fluid between small piston 178 and large
. pistons 176 thus forming a closed hydraulic system. One incompressible fluid in cylinders
30 180, 194 may be oil. Pressure relief system 340, hereinafter described, is in fluid
communication with that portion of cylinders 194, 180 between small piston 178 and large

pistons 176. . _ |
The hydraulic amplifier 170 is locked .in place within the wedge body 156 of upper

tubular member 102. Alignment pins (not shown) are used to mate and align lower spacer
14



lubpef term nal end of T-head 142, and | ower springs 186 are tured,
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5 The smalbesmaliet pistonaged phstayhpiston 1 6h  Whe popHEcatippgdrthe smeb pistay 78 with
provi de hy. | 4 5 Gat i ORze - L |- s 176 close | arge
cylinders 1@%%8[ igtqh??g@Hgé\%g@ghgT%%%%R‘gﬁlﬂg'g?j}s?gcgp'178 cl oses small cylinder
194 at its uppeit sbowdtbrusppreniaedgha the psesdnthindeaidn & sotdirened tderppiediveege -
The sn lslPi ston 178 drives a aié ob_the | ar ge. pi stopns 176 as snal | fl)i stfon
178 esPHOWHILr Ay WirderiREBReE YO-c ity fsAlustTiRe (&8s RpAnsor 3 juraligno
- have suffigiepl OBRGEAY e bR IOXoMELESr IRMRRES .80 the
necessary I?el ative m)v)e(ma%? %o (ghancreH gi rect |e§)ﬁ§gﬁgﬂ-g¥lgﬁlgw¥%géapai r of
| ar ge pi st ons 1R&erng pirdedatipenow $¢ dingaeed3CaE apdnpathe chytdpaulichamplifidd £10 is

L st f | I, pi st 178. T ificati f th | I,.Rpi st 178
it ospeeber gl i anf e Prisa meed e MEC merhaRicabcaar (o oies 3

shoul d be @pRa&Fiat ﬁ@htaQatdﬁda%heftgwgcrw\Qfgotd'oﬁﬁedte%i RGts oWk @ d SmaAl PRtdn
of large 1 5 pistons for each wedge nenber 90. There nmay be just one’large

pi st or¥lor ¥/ 8pindraaits nppesfend o 8 layres. doghieiconsiay, veldwityjoist 2. ak-ewcrodoublectonstant
the |arge \%losctit?rr}%in%%?.aclogr?écl?_sesé{‘g&llﬁ)%’ to an exparidablc/contractible member 204, which is

connected at its upper end to an upper double constant vefocity. joint 206. Upper double
constant velocity joint 206 connects expandable/contractible member 204 and thus screw 200
to the drive shaft 208 of electric motor 174 by means of combination radial thrust bearings

25 210. A plug 212 is provided around the drive shaft 208 and bears against the upper terminal
end of upper spacer 128. Motor 174 also includes a gear reduction. Electrical conduits 228
pass through chamber 229 and connect the motor 174 to electrical connectors 230 which are
connected to the electronics package 18. The electric motor 174 requires little power from

- the surface.- '

30 The electronic motor 174 is controlled from the electronics package 18- The electric
motor 174 may be of the brush type or the brushless type. If it is a brush type motor, a
motion sensor (not shown) would be housed above the electric motor 174 and disposed on the
‘upper end of the motor shaft. The motion sensor determines the number of rotations made by

the motor in one direction or the other. A brushless type motor, however, is preferred.
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Ref erri ngwpamusoml arly now to Figures 3GE and 7. the hydrgg /ﬁsﬁgpéllgfl er
170.is connected to the nechanical anplifier 172. The rrechanl ? |er
172 includes a threaded rod such as a drive shaft jack screwi Omg
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202 conne%;:l 18% %c%"ngﬁ é”é ha‘i)b -cOrmlpedity pf balim%ﬂezhwostImﬁots
connect edwﬁhm' ézﬂaxtgeﬂ%r@h% e rRevHP Ry %HéHP e et 20k gmjéom ;}é%n 4 c‘?tl

Upper double constant velocity join connects exp
nmenber 20@ckgrint mgloscbseupvzmly ﬁwngkshouiﬁemmzhaf the 208 eOferlRE EAd 02778t waér74
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package The ect g 174 requires little power from the surface.
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type it is a brush type notor, a notion sensor
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notor sh sensor . det er
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162 in the uppH W%WCW%@%meﬁmt the gidededd varianfonbat the B8 &6@ being

di sposed ar 216 to prevent rotation of the nut
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shoullfer s2@6. &fd Hyeadlievenpli Rerni T0odedend B2 2nfhunt eiﬂlﬁklaﬁx%a%gﬁ]ré@@ nﬂj*&gsthe as
rea nu

the drive shaft screw 200 rotates within bore 162 and t
the t hr edff&2 v 2P0 end Hus redicee thefootionnl hsees myiatd o mbvdihe sertge0®ady

156. Si nggsthe n ri { screw, 200 is attached to small
pi ston 178tsa;{% %i%&%%‘gad{@% aﬁ Ul ugegftte’ssﬂftémﬁl RishS iﬁﬂ“i‘ AEE MYgmeat vhthed
causi ng eapingidblejcdneudtitde preaderP@4 ot ohBe tedi@eoRisst ons 176. Thus, it can

be seen that 325 drive shaft screw 200 rotates, the threads on nut 214 cause
10 drive shaf REFFa% PEHCHGDIRY upwdiigry 3P, copandatdt/gordredtibleu snematies €204

snal 0 pi ownwar d in reduc di anet er
oyt | nbr Tichied ftpliBa SRNEAMARIAL K A PRITUSEF I b et B arampt woviey 1
The wedg};oméﬁﬁﬁeursi @ﬂomies mcpfoevem hﬁ\hﬁg St d@wémﬁi Stk el 08 fovidr doRBleichsthar

from bei NG cseen th§ §¥ raulic arrpl ifier 170 so that no excessive
pressur eSEJFY !;Qé%%‘cby B! aiti%e4 13 sogivafl wyithfpa Wdﬁ@bbtmfmmm hemberl 716

reduces HF&N@GQHQEH&E" spithéll sHaPPsha’ QUHdE Sk TP SndlBer 226. The engagement of

' the splines on shaft 224 and outer member 226 allow torque to be transmitted therebetween

25 ° thereby ‘causing shaft 224‘ and outer member 226 to rotate together while allowin g

expandable/contractible member 204 to expand or contract axially as shaft 224 slides within

outer member 226. The splined members 224, 226 are desi gned to carry torque and also have

relative axial movement. The threads on nut 214 pull drive shaft screw 200 and outer spline

- member 226 axially downward. The double constant velocity joints 202, 206 allow the

30  angular offset of expandable/contractible member 204 which inay be causc;d by the bending
of steering assembly 20 as drilling progresses through the bore hole 524.

If the steering assembly 20 becomes stuck in the hole or there is a power oufage, as

- for example, and the steering assembly 20 has a large inclinatiéh' such as 3-4°, the steering

assembly 20 has designed flexibility such that it can be removcd from the hole. If the
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t hr eaded screw 200 and thus reduces the frictional |osses re¢ mie
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The | ower const M%l QCI,t cjl%nt 202 a:lgo kee t he threads of the drive
shaft screw 20017 S oinai 7. 17P has pR Aapligifatqn el appeskimatelhd o am#mhamgal

i nner spl anpliferz? haL4n mpﬁﬂcatmntwarppr&%ﬁﬁeﬁ?(ﬁ)i@lﬂé §r Bidsé %glp'ﬁﬁ@ﬁf‘r{] t%ﬁ ed

drive shaft screw 200. drive shaft screw O rotates
nut 214, BERTEKRHENYNeIWRDEF azlzbfm@fr@m swufaskn@ of wnége 2eMbaTs\VA0 Gatb ahffyces

R oc ek A, 4 o BN Bl B b Y A PS50

moves dowswwiacds PovértiisrfaegBxeon afylei BEeR0IAA. ol RECHNRE h@Mitabl Coraths Qudlipie
downwar dl ' (iau3| ng a wedge 90 to nove

It is to be appreciated that other types of drive mechanisms ‘may be used for axial

movement of wedge members 90. Referring again to Figures 8 and 9, Fi gure 8 illustrates a

25  mechanical drive train 152 which includes a wedge body 232 connected to a ball power

- screw or roller screw 234. The drive shaft 236 of power screw 234 is supported by thrust

bearings 238 and is attached to the output shaft 208 of motor 174. Thrust bearings may be

disposed on cach side of power screw 234 to better support it by sharing the axial force.

Figure 9 illustrates hydraulic drive train 154 which inclhdcs a wedge body 240 having a large

30 cylinder 242 housing one or more large pistons 244. Reduced cylinder 246 houses a small

lpiston 248. Small piston 248 is attachied to a shaft 250 which in turn is connected to a double

acting hydraulic pump piston 252. Pump piston 252 is housed in pump cylinder 254 and is

reciprocated by hydraulic pump 256 by providing hydraulic fluid pressure to one side or the

other of the piston 252. Electric motor 174 may be used to power pump 256.
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attached to a shaft 250 which in turn is connected to a double. acting

hydr aul i dipeiign §9 Bebiheosbratipumenused by thedBp 12 slomtideat upnthp lhegonyhdla desendiy

and is nrgCi o i S b din raulic flad

pressur o Do T ffing MerXE B HBHIP SRR, 134 RIaGKA 61 e DESESthepbors 4By

may be usigddtilingoaeion mfmhe 2661 2.1 FoARx@bpAS 98O bRCT LSS (33840 and letd N oGRS .

The steering assenbly 20 of .the present invention permts the direction of
o\

the bbt formagongs itagfydnswiinas fé%cji‘ﬂtilngﬁbf? apgle| ang direstiep of (e angdg camal, the
4 g ‘ < .

50° Thi s BEERYLEEplifBC B84, MURARELAN o BAPHLAIRA (Be BUBARHOH WRHAFrIRIRE S0

contact asd eméacas@fef M glemaas 86X Taadhk ywurfpweardd, 06fdooiotangheaic amatda, aedrillind

anot her wedge 90 'Vesvgilxci ally downward to apply a downward force onto
angl e cadti® of the b\l gl destray earm sidages 86e99-eved on | arge pistons 176, then

the |ower set 9t %E¥%$hb§%f%4’qgg alshBR oG MBNH Qf}ﬁfaﬁié%ﬁ 9|Bfto tbQ%SélPe[diJPgof

| oaded connection. | IC pressure is Incréease arge prston
176, 2@ henanglbeampiikeif toetzrat aBedd Bvipplied spangigeahD by padds nidigbept B@sudi tat of

e st SahOae T Eomect sty o 100! Loyt LU Spul pgs 164, 180 e aln o
surfaces 9§@aRbeRERE BRGNS aRBledlin BY. BLANI e WA dnlotd' 10° or more, there
may be a point where the wedge members 90 tend to lock onto the angle cam 80. If the

steering system begins to stall or lock up, a cyclic load can be applied to the wedge members

25 90 to move the wedge members 90. The Belleville springs 184, 186 allow movement of the
wedge members 90 approximately 0.025 of an inch to cause the system to become unwedged.

The shock load from the bit 12 tends to move the wedge members 90 back to unlock the

system. When the wedge members break free, the electric motor 174 can move the wedge

" members 90 upwardly and out of contact.

30 When not in wse, the Belleville springs 184, 186 are loaded up into their fully
collapsed position. The spring load of the Belleville springs 184, 186 in their collapsed

position is about 600 pounds. For example, once the steering assembly 20 has moved to a

new direction and bend angle, the Belleville springs 184, 186 are bottomed out since the

Belleville springs 184, 186 are not needed for bit vibrations once the wedge members 90 are
| 18



direction so that the vibrations caused by the bit 12 do notg e e
bottom hol e assenbly 10. During drilling, there is a high iﬁyﬁa&bﬁm i
| oad pl acadoon4dshe wedge nmenbers 90 by the drilling actione@fu§daeatpist 12.
For exanple, the bit 12 tends to grab and let go of the 15 formation as it
is drilling. Upon adjusting the angle and direction of the angle cam 80,
the Bel | BVibejresetpesiigs T84 Bellg@limmprings h84 186alh hetassienattthet Smef daethef6if of
wedge ne . rfaces 86 of. .angle cam 80. | he surfaces 86, 96
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cam sur f agesldGt b8Gecedede Bel l eville springs 184, 186 al so all ow t he wedge
menbers 90 to be backed off of 20 angle cam80 if too great a load is

appl i ed to angFetheint &0l e qusie maydler Be part sfistheriimassemhly 2 sehithyt ibeeaaes

wedged: or . it 12 ts hung u t hen t he e nbers__ 90
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the angle cam 80. If the steering systembegins to stall or~lock up, a

cyclic | o#ltP¥atnepemaypdlaf eay escespieipatiyet tmingis cas 00kuedorvvsde hmdwedbet a
menbers 9 vi | rings 184, 186 allow novenent of the wed
menbers 9 u%%%r% g‘%ﬁlorrléct%e#ryél%@ggl O(t)(% SFINefRw g b uﬁ%fﬁgoereﬁ%{ﬂéms%t‘%?ﬂg{a dn‘HBE‘HFr%%'
unwedged. Therfigdl sdfio ekstéroadn beanhfdrguifdi pisthd 1besBalcve TRY Rk MBELS 1B WIBES
90 back to unl ock the system Wen the wedge nmenbers break free, the

el ectith ¢ Msttorreeantsds dismpier serdedviaige murkpisoniogeing pvededdipmated 20d belofv that
cont act . i lLLeville sprin 84.. 186 are | oaded up
ot hei Heul T Ear Asafer R BabiRley ol BRED R e ipinai Bl mif prion ™
springs lksing8Gving shepeninotd deseusidPos e ite ihsleaResturd B wRes Hels twdealed
exanpl e, once th@ steering assenbly 20 has noved to a new direction and .
bend angl ¥ 26%e BB PEPT Febeid iyerdsthe dglbng meoth PewraRsESon B aceilt weing,

vedge moruer e n e i £ SR HE BT s Hnlirte bt Bt vBEE T P
set [@dsi thyoat. leashérBe rdds\sol that elpmi thge it 84predd@ntdnediplesuss adp @r 4 Batiorhinwes
he. Bl | DITTATSAR AGY SEIh Vithcrores piialbts BUC ASBEie IFORgHiBe (o0 flas PIGer &
- bocomms & pront et Eh oyl ko dnaer i weleg Ul iRk ity U Bpdee
80, the viBegecrrembedoterginecdistantd ofbfeeteteaetvgnipelkiesaamd D32 af amdnchi roira faflesafe
cam 50" a08EB £ WGl ERAEE OFRY Bon 45 e SATPOR doofbeehets MeHDl D
torqae miydheluapdiireugieadibessr iibes WRAIeIBRRAT® RO wedge body 156 between the

electric motors 174. The wedge body 156 would be sealed to the housing 26 and fo an inside

diameter sleeve so that hydraulic pressure from the piston above would force the wedge body

156 down until a stop prevents further axial movement. | '

Still another fail-safe system includes springs and/or dampeners between the wedge

25  member 90 and larger piston 176 of the hydraulic amp}iﬁer 170. These are focated so that a

force against the wedge member 90 by the larger piston 176 in either direction would allow

for a predetermined amount of movement between them. The electric motor places a force

on the wedge member 90 in the direction desired with the ability to move a small amount so

that when a momentary reduction of bit side load against the formation occurs from
30  downhole vibrations, the wedge member 90 can move a slight amount. The electric motor

174 can be turned on periodically to put an axial load on the wedge member 90 to continue its

movement until the bit side load becomes small enough so that the electric motor 174 can

move the wedge member 90 as needed.
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The fail waf@/isydtem can be a hydraulic piston |ocated abovg-thgeglestric
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furt SOMPresHion b Bellnvillle springs 84, 186 dllosesfan sxyaltreovdnmsik vflap tsPORHGS an

and/or d 5 nenber..90 and | arger_piston 176 of
the hydr T R %%Q%F%%ﬁ#g&cﬁg‘%g %Orzlé ‘P%‘ir:ggt‘@%"g&ﬁet Fglc gam(ag) the SRIHAChareas he
wedge meri6er 260sHify vithke d medeermpined ad k¥ZMaing dak &@9&1}9@»1{1@?}%&@ 1Quh g abhow,

for a predeterm ned anount of npvenent between them The el&ctric notor
pl aces a MYFEOL theedsromzmbses Heimskviderly may Hendidjested exialdy biyrdeivevirdit 150 eo

ability ten; : :  ELKE . whep a nmonentary reduction of bi
e | bac e metep T R Rha s Dby 15 Pobe AR o e i e DipRee pged
wedgds menperard0.02@rof remviach astlithért ansthenivedgehg0 eh@elrdiviPiraly 0.67¢ $aR ihen
turned orgil Beridﬁﬂi callt\’/ tﬁ Wt an axial |oad on the wedge nmenber 90 to

cont i nue 4188 dpHing Itk Beleyile speng; 184186 mainlginieg o vontinrmis [forsaenghe sedghat

the el eCiidighdiPOOt chhfhct 3R 8. [ 90 as needed. 19 VO
01/ 46549 FCT/ TJS00/ 3392(:9 7%%@%&8}’% cﬁgﬁ %S’Ei‘r ‘ling direction, such as

bend angl e andherrclatigelpasitions efithetthae asdpentembads D07ae deftirRindd RPiHISLIRAL S

are -made _in theS? i al h|oosi |glg .of %he wedge nmenbers 90. For exanple, one
wedge nmeRbErsgh "it‘h{iﬁ IQGIPE dedirey direstiay atdbend aelaafihs bitka. sBorerdmple the
anot ber vedge Jxeyesh 4 t 100l . cedt applies.to.angle
cam 80. The ecr:lgagenen?wg\#gﬁlggg aalr%gk%%gﬁilsﬁ%‘%lggrgfﬁrt%éIqryfloflrng'%‘ﬁ%?(ﬁlg?%ﬁjé’ap

Upon ass&asiligns. gath comepondingeaosucérain sirifife, dRéhionahdifba bkt MBLgS:naeiHe S

90 are | ed full ai nst the ered surfaces 86a, 86b, and 86¢c,
respect | \"}Ig‘?(‘j‘f‘g%?’ Sﬂértgtg%ﬁﬁ% A {7%&%ﬁFé&éééZaaﬁa@eﬂ@@ﬁgﬁﬁcagn émARmoias et
at cont agartiaflease269 axeh posiitRRPGoF &l ¥f HDGhrebNGedge members 90. The surface

processor 514 also provides the relative axial adjustment of the three wedge members 90 to

25  achieve a new direction and angle of drilling. Thus, a set of positions for the wedge members
- 90 is dictated by the lookup table for a particular direction and angle of drilling.

Although the steering assembly 20 is infinitely variable, the lookup table only h‘as a

finite number of directional positions for the bit 12. Since directional drilling itself is not a

. precise art, a finite number of positions of the bit 12 is sufficient. Also, multiple adjustments

30 may be made to the steering assembly 20 to ensure that the bit 12 is drilling in the desired

direction. |
. Referring again to Figures 3A-E, a potentiometer 270 is housed in upper housing 26
adjacent each of the wedge members 90 to determine and verify the exact position of each

wedge member 90. Best shown in Figure 3B, a linear potentiometer 270 is disposed in an
20



'wedgé menbers 90 are all | oaded.in their downward position aggi pst r es
86, 10 conpression of the Belleville springs 184, 186 all owsg@h?zb“ﬁ\l’j éﬁlf
novenent oW@pl/466490. 025 of an inch. For exanple, when one weatigesi8239:8
noved of f of the angle cam 80, the contact areas 260, 262 shift while a
predeterm ned | oad mains due to Belleville springs 184, 186. One or nore
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‘having three 9f four @ndrﬁd directional positions, each corresponding to a
certain dr i PTPHECHMEAY 18i0% sl tHgals opRsatews P8 dogaiadahang lectrisrmoten di# and then
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has a part(i)cul ar set ony axgleal poss?tv?cg%gp 538%3%1%19” p%eaqéaﬁl?eéfep%r&boénmer rod
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di ct at ed byndniterl90akHRidt &ieb Qe sl i 119 - | e of i
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| ookup tabHe bensingde. alhusi mhet threpbientiahewis 86 tshowathe pelative Qositibas of Weedbiet

12. Since (| | drilling itself is n recise art, a finite :
nunber of g{oeél%t%ﬁo%ds]%f&t#%erml% #fﬁ p? estjﬂfrf’?‘gf’%ﬂlc- ‘Prﬁ?ss  comiact PRV 03diatigesretie
30 may be medge mendbes B GRIdnRE @SSOl Yy 20 to ensure that the bit 12 is
drilling in the desired direction. Referring again to Figures 3A-E, a

pot ent fdmet er 27be pignRbiiem @ pariolpaotntiosiery 226 is tep acesthiteded thef surfaee Webge
nb 90 } d Lfy,th t iti : h. d nb

00, Best  shsarOtERRAg 1, TS oty I BBy Rt DenGhe SairesobE dfonsh dme
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156. A potentionmeter rod 274 extends downwardly fromthe potentioneter
body 270 witiRmaHxelyothe sigls @uld Heo be drapymitedtia chreshrtage aldngst enepatB7 6/ drmus

one of thg,\wedg Jpper end of, t he. pat ent ter 270 i.s

at t ached vvi_?hl n ﬁfégg%%ﬁg?%%g smgsﬁg hé Sg%f‘gf}écﬁ’éql ?'mA}]r} pesre arecfospmetal
ext endd t hringsg2B4omtthe npparaee rstab2bnne o 8ibRassGRBRT 101 26n@ e YBREL1iDRES Rlade
128 through whi ch passes one or npre electrical conductors (not shown). The

el ectri cal U STPERCE &% Znadler WD the dprividpsleringe 284 jadlowing wel path fransmission to the

surface as is well known in the art. The signals are then processed at the surface by surface
processor 514 to determine the positions of each of the three wedge members 90 and thus
determine the trigonometry of the plane formed by the contact areas 260, 262. The position
25 of this plane with respect to true vertical and azimuth, as determined by the inclinometer 24,
sets the true angle and direction of drilling. Alternatively, it should be appreciated that the
.. position of the wedge members 90 relative to the angle cam 80 could be monitored by a
linear poténtiometcr fixed to the housing 26 and measuring the movement of the pistons 176,

" 178 or the movement of the drive shaft screw 200.
30 Although the potentiometers 270 determine the plane formed by the three wedge
‘ . .members 90, in reality, the bit 12 may not be drilling a true hole, i.e. in the desired direction,
because it is sliding within the borehole in the formation, as for example because it is drilling
in a soft formation. Thus, even though the three wedge members 90 are prdper]y positioned,

their directional position may not reflect the actual direction of drilling of the bit 12. Thus, it
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mot or hoY¥PAY46BU to the el ectrical connectors 230 | ocat edraip®ses/sdoeetric
motor 174 and then to the electronics package 18. As a wedge =90 v
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there are four netal 20 rings 284 at the uppér wet stab conn
assenbl y ingudengavehgradgnineeuinontsi o asdetelypecardrthaatirdcsomanfednilling dndealso

i ndi yhdual__r.i 4 al ] ow h I.1.SSi f [
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by the cdhe dt l1ariedecash, IpeptherTnwrgoghe inptend®meters (976 pidane whidohetical peht

to true vgrti-cal .azi_myt efermi ned by the._nclinonmeter 24, set
the true cgl%#"g@gﬁ F%cﬂ | otﬁe o‘%’%ﬂﬁﬁ PPREYUR Pésﬁéﬁsge’i"?}wfq? PR AFY tﬁ_e
appr eci atdidctitiatof tdritlinpogiild e efichiaBoneHeitREINERSiRed ShabbNg! fd?fe&zﬁtﬁu of
angl e_cam 80 could be nonitored by a |inear potentioneter fixed to the

housilﬁg s&ilbRg neasuri ng the novenent of the pistons 176, 178 or the

movenment of t ' -y 200,30 Although the potentiopeters 27
det er ni ne thehgtlhg{\éec\ﬁg%l? %ggé'bs;ﬁqc 1 ﬁgm[ Srsesezsr_\f\%ﬁég_us‘??g%%r & ‘g’o‘?‘o?lrtlc_’rr QPPEYON Phe
bit 12 male metigdbmedtbictd $01gFar exaplbobii of seQeral Berlshy aR8ddsaHafbE @68d Aeount
because %e i,s s|idi nﬁgvvl thin the borehole in the formation, as for exanple

because itfe AEechqn fchgumper,of satatiensy aftheodriveTshalt 208 of thtslaghric mwtothi e to
wedge ne Q0arg: Qr _ | {1 ok di,rectional.. position

not refl e@ce:téht%ﬂ% tggtﬁ(zla I ?[gdg%/ Pgﬁ%o eggi;??ﬁnrl%alp%? E]t héisg’i {hel@m gl,t Lliwt “”Zagg%\o
01/ 48849 nR@iHarS90/18BE2O to itle hoeding AEAcdnoba! seiitedtly neatitdded 1ROLENER hodaulic

e b H 2 ESTEL o e okt kons et
£ oo FRBSRD BEBAS B e 098 e S M 04 DBl P,
. incliromaeming thet tumsnam thebélectoci rntoatli7dn A esispler 3BAsoMERKHN RS2 PrésBeiel @Rsor,
based Aon._could bé used to measure the pressure applied to the large pistons 178.
25 Referring now to Figures 3D and 12, a centralizer 290 is disposed in a counterbore
- 292 in the lower terminal end of upper spacer 128 and is held in place by the upper terminal
end of middle spacer 126. The centralizer 290 is disposed within housing 26 near the center
of drive shaft 14. Drive shaft 14 has an upset 15, shown in Figure 12, disposed on shaft 14 so
_'as to be centered on and engage the centralizer 290. This allows the centralizer 290 to
30  support the drive shaft 14 near its medial portion. Apertures 291 are shown for the passage of
 electrical conductors. . ,
~ Referring now to Figures 11A-C, the steering assembly 20 includes a fluid pressure

compensation system 300 mounted on the upper end of motor housing 104 to compensate for

any pressure variation in closed fluid chamber 320 of the steering assembly 20. The
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shaft 14 so as to be centéred on and engage centralizer. 290.
al | owslx hel 2eand witdgedrodg d06tand Bﬂogupﬁmhambtre?)%r |Aaeos Ir@ﬂatlothxsteami)mdlm[ﬁrkadl

.portion tures,.29 re.sh ass e aof .ele co ctaors.
Ref erri ngAﬁb{H %jaﬁbﬁﬁlj%gaﬁiﬂlc@v&ﬁﬁéalﬁgggrfgﬁﬁea g &rh e clf ﬂtF%ﬁ’é‘%ﬁrg%i L}ﬁﬁl
pressure  SEEBEIIAI e §N%h@fﬁb&0§zmmte?ﬁistamg@@oﬁhﬂnﬁﬁcae@dw% Db Res 1922hag
.104 to conpensate for any pressure variation in closed fluid chanber 320 of

t he steerihtf hewigihe grive triie 1582and potgnsiomgens R0, ddspa@bady. P@ﬂ tssmoeggszcgn

compensat 0, SHA AGpReiE o BRFEPS RIS 08,308, SPESENR il "

S| eeve208103305is dapdbds 6flscalih 8 hFaindl QT8I PLosb el @S Migh £20DD )psﬁ%wf:@f thB @Ussey
the near bit orientation sensor 556 including  inclinonmeter 24, electronics

package 1g1uifghymbeiciZd aaddbe duldiap fhidrdilewiag through flowbore 120.

Referring now to Figure 14, a pressure relief system 340 is housed in a bore 342 in
wedge body 156 to relieve over pressure in the closeéd hydraulic system formed by cylinders
194 and 180 between small piston 178 and large pistons 176 of the hydraulic amplifier
25 system 170. Pressure relief system 340 inclu;les a relief valve 344 having.its lower end in
fluid communication with a chamber 345 in wedge body 156. Chamber 345 is in fluid
communication, such as through communication bore 346, with closed hydraulic cylinders

180 and 194. |
Pressure relief systein 340 also includes a mandrel 350 having its lower end sealingly
30 mounted at 352 in the upper end of valve 344, Mandrel 350 includes a cylinder 354 having a
fluid port 356 extending from its lower end to valve 344. A cdmpensating piston 360 is
sealingly disposed at 358 within cylinder 354 forming an upper chamber 366 and a lower
chamber 368. Lower chamber 368 is in fluid communication with communication bore 356

and thus with valve 344. The upper end of cylinder 354 is in fluid communication with
23



5 Referriypgof)gsd 0 Figures | 1A-C and 13A-C, closed fluid ghanher %}g&)
includes an oil passageway 312 which extends fromthe upperéf pﬁclh

pressure housing sl eeve 310, through notor housing 104, uppé ermaé

and m ddichampaci?t (hB6vd isolatiue pissPAGETa LREf FEOBHS iHroudH BIMES633hith I@g?. ﬁ)g ? 64
passage plug 314 at the rnterface ower

312 continyes through a seal
spacer Y’%ﬁsp&mﬁ ‘WéEF@éYgB%if 3§%@ﬂgﬁ>@ammﬁ a3l theaplig 362 wedigee $idelyf 16EGIstSeAGa.
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chanber 32@83};7@0 comuni cates annul ar area 130 with an oil ‘passageway 2

in wedge VB SROMIKRIGHEH WaBaloWsF GhamBer36R viarperi A4 rhdpertafS6l awkthedpaeer

15 124 i F . 0il 326. .An oil i ti
o ston 3300 15 CARIC0Me 378 BBl por RRL i Sl 5, 34 B i
seal i ng wistén 1T8eanbllatgeqfistomaiiter CB&fk valas70 pantiisQRe Addaselor P& Pleksutbadher

326 abovzqvﬁi st on '339 omuni cates wth the bores 162 and 174 housing the
drive tr crf&@“&’ﬁ’d ﬁfgfcéﬁ’ﬁ%frr%fﬂ%?]%ef%; Highpwessnreeyalye 872 pegpitaithiconlepies bbn

330 osci highBad bRsSOURRAS Head Aachile MBS IR, RiGLi34g shaft 200. The

closed, fluid chanber 20 32071 s capable 0o P Ing agarnst differenti al

presbres as M gheragor2@ben pei prossverh ydisulid asgltfierfshstbgl CloamasyeG2Qhantet he
drilling,fluids fl ovvlc?eg thr%l.lgh,fl owbore 120. Referring now to Figure 1.4;
a pressurd FEY5eEP aRFEYHeEag! PRt ireas dus @ dyyhobuemperatyssaglor iesamples ghe o
relieve r 1RfFI L d aWI:G ; f cylinders
100 and Lo B AT SRS N8 i SRR SRETRS 7% TRy
anpl i fi eFoRBensgEnL PisIGND 36Priesmore upstarély By apwn GrhthbenGE80BEedyr @rfbssyad ve
344 having.li t%&{omgr end i@ fluid communication with a chanber 345 in
wedge boar%% % B APV INE e QVET eSS B WERSRERATRRAT N, anshidis £xlindere U§A.
CONMMLANI C304 OThEHReadbbn Md PreShrrs ofl r b ' -
Pressure relief sy?st em 340 grleso i nclug ée}s&gh{r?%%g?éeF@%%g\jﬁ%dﬁ?@%%&g%rmlend
seal i ngl ghansier 336 rabeve Aist@s380. nChink vippeB7@abow fival pes@4d froih ez ch3mBer

i ncl ud ind havi | ui.d 3 ding f its |
end to valS W Bk o SRl MMM 34T ol - vBEhcs R0, T Magn P inecrotecinaodsn
Wi t hi n - cyfdnitsbe 343%4d CORAGeRT1 0] 19ANRInE BATREE wIBH 1R Fedod ﬂé‘ﬁ%erscd@aﬁﬁaﬁgyggéfg-

Lower chanber 368 is in fluid comunication with conmfication bore
and t husthfianglecary 80.37he prsanrg splésf sypigmod4Qsllawsdecordiit velume ol hei waintained

526 TabogelPoutiethanee J6% MRS EhsEir loaiint silsm on Slighep () 363 e
spri ng 3fidall gissmok8candilidge pistyds Iver 354 and bearing against the plug 362
and one side of the piston 360.
: It should be appreciated that alternative pressure relief systems may be used. For
' ~example, a spacer member may be disposed in upper chamber 366 with a basing member,
such as Belleville springs, biasing the spacer member agairist spring 364 whereby if wedge
25 chamber 345 and cylinders 180, 198 bleed so that compensating piston 360 engages the
-spacer member, increased pressure will be required to bleed additional fluid.
Referring again to Figure 11C, compensating system 300 includes a compensating
-cylinder 382 sealingly mounted at 384 in the upper end of pressure housing sleeve 310 and a
- .compensating piston 386 rcciprocably‘ mounted within cylinder 382. A closure sleeve 388 is
30 xeceived in the upper end of cylinder 382 and sealingly engages pressure housing sleeve 310
at 392. Closure sleeve 388 and piston 386 are cylindrical members allowing drilling fluids to
* pass therethrough. Piston 386 also includes an annular flange 390 housing a seal 392 in

sealing engagement with the wali of cylinder 382. Piston 386 has its lower end disposed in a

counterbore 394 in cylinder 382 which has a seal 396 in sealing engagement with piston 386.
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Pressure relief valve 344 includes a check val ve 370, such as.;a_"187 Zero
Leak Chek" valve, and a high pressure valve 372, such as a "3 g?T ']%@Q%e. '
The upper ®Howfes54%heck 5 valve 370 communi cates with | ower rahwospess a
port 374 and port 356.and the |lower end of ‘check valve 370 conmuni cates

wi th port 6 and thus cyljinders 180, 194 for small iston 178 and | arge

pi st ons 17%?0% Re‘i?aﬁs%a@?'@/ 19ErP% frpean ansdarcares 39§@pampg aswing 40Powhich

| ower chanmpgf-s 368LEomuesd r ut g: vial 72 permts the
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368. 10 | nfzpeyainubn shiédert40@ apd emage 890 forhy didewnixar@Phdiag efnudpnshemidAns,
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downhol e t &MsEriqegthersvith sYlinder Adt and pision 3j04Arp peompeasatiogi fund vesemeirafg. A
opens af | owhbAshoh! dnfhndifiE Qionl s 8 j ' .. conmpensat i.n

pi ston 360 o move upwardly ?%dhﬁﬂ@%ﬁ%ﬁ%@rfﬁ%g{h ?” hcg)rﬁyé%gg%%ﬁpﬁggsrf’%& cir'410
spring 364dawd to ellipawiaggwihdl b¥eming egatrd closedelge clednatd? 63203 4priag oD Higses
cylinders 180, 94. The ingrease inSLGLI uid pressure in upper chanber 366

is bled inPbt SYHT BHY SAUTIRS PH{In S¥nigiiree axpmpllbprsdelepnised aresgue oube Rl

o o270 beschidit 1P A AVRY RATRRKGOPAR LAY LBl 498

chanber 345 and cylinders 180, 194 upon the pressure In we

and cyl i ndwith allsgf, the gdo\gug pertdiomthe stceving rastemblywed deingehhees vathibadiosef fflod
t he anﬁge qgnu§03 he pressure relief system 340 all ows a constant vol une
to be i ntMHEE32% i n the wedge chanber 345 and the cl osed hydraulic

system of cylinggfigs 46plad& § %%un@%&wﬁﬁ&?%s&ﬁ% o%nﬂfnfagp% t@icﬁstﬁlg@ﬁr%t/

176: 1t should be appreciated that alternative pressure re syste .
be used. F&E pressiigriplaanuiar epsaddP andrapenlamayl chembiespfs adgrbaenppanhe hrstee of

menber  agal el Ll (G Setr T ete) serc akioors 1o ahietasih Shivey 14 AR of

180, 198 btiessd fiid chahbeBnoaAsR} ke &ilﬁﬁ?ﬂuﬁ@%rwqgﬁﬁs teBingSPATRY illB ERREA
increased pressure will be required to bleed additional flui'd. Referring

- agai n +o Flygraamber 3200 e sthslish pesit vepresnle ismotindéxdavitimebmssd fluitchamber
~cylinder 384, sealingly mounted at 384 in the upper end of pressure housing
‘sl eeve 310 and a conpensating piston 386 reciprocably nounted wthin

.cylinder 382. Atclansbe eeql eiei caligBhens i3Qery 8AEoVAE dubinkh@eURREHDENEE Yeering
cylinder 382 and sealingly engages pressure housing sl eeve 310 at 392.
d osure sl ¥&ELIIFY. dAereihe eaglc 38w & is ie ppsition. kol the poes sbael ibmusgbaipiopeiing

fluid . i 6 i gel u . f
300 housi i 8 SAft Gt B Ol sfReRisR e S o B0, RSBl B Epmbfiitzor

382. Rist gpriggsilllydsy atial insswveon emtledibanase@tdidnal cEReE. DTRE caPdsurfices 86 of
cyl i nder 382 whi CE has, a. seal. 396 in sealing engagenent with piston 386. 24
1~ 7 JUN 2088l Qg@@ﬂ@y/agg@g wiih sle mating splines 94 in the knuckle ball 32 connected.

to lower housing 28. Then the wedge body 156 with the cam surfaces 96 of wedge members

90 must be ali gned with the arcuate cam surfaces 86 of angle cam 80. The wedge body 156,

hydraulic amplifier 170, spacers 124, 126, 128 and expandable/contractable connection 204

25 are all then made up together as a package. Once the package is assembled, these

cbmponents are installed as a package into upper housing 26 by inserting the package axially

_into ui)per housing 26. Upper housing 26 s then connected to lower housing.28 by turn
buckle 116. .

The steering assembly 20 of the present invention steers by controlling the bend angle

30  and the angular direction of the lower housing 28 around axis 74 upstream from the drill bit

| 12 while the bit 12 is drilling. By using a bend in the bottom hole assembly 10 as an offset

above the drill bit 12, the bottom hole assembly 10 can be used to push the bit 12 against the

- bore hole. Also, because an angle is created between the bit 12 and the bottom hole assembly

10, the bit 12 is pointed in the direction that the bore hole is to be drilled. - The offset from the
25



Cl osure ¥@E4#5888 and cylinder 382 forman annul ar area 3PSTREUEIAY a
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an;
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reser voiborelligle. down to oil passageway 312 formng a part of closed fluid

chanber 320. ring, 400 bi S i ston 386 downwardly causing, piston 386 to
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pressure, on pjston .3 to.ensure that . the pressure in annul ar. area 130 and
annul ar % F"?ﬁ%ﬁrﬂﬁrmgg% SYELaCs, 05 2BV A b fgﬁéﬁﬁﬁ@sgmc%ssaf 514 ﬁgg dey the; gtace
fluids RRssdsg 311 @19t edhnhhdl lOWROReARD a8 i 1}% féﬂlﬁﬁc,a uk%ﬁgemﬂlseﬁ”“ﬁeggé! ow

out of ‘closed fluid chanmber 320 rather than d ing I ds or ui ds
t endi ng membdroW0 as ceededsiwdsted fHeudullinpaofhibe BR2A2 ifihite, desirsd idifettigosi tthere

pressure | intained within close | uid chamher 320. .It can be seen
POl gl Such, B knS et v e b CbBSHES Biiey o Wede wering: Bateahe v
20. Oncend bgglaRal az&aith 89 driflidgal0k hueiredlibn 6f tHehft PRES § pAlRMSmidedrgést be
properly alitgned with respect to cam surfaces 86 on angle cam 80_ This

requi r ediole path erssundlothes eramezerspori e kgking gortbmands &lansmisted tfioom thastrdacet han

b tat .on. . Th S_86 of . I . .

ot an 145 SOROR A v Wee AR ERPl RS e Merternd WaGiiy i 1 lsirea
connect effsectib®bl Q‘éﬁfpaﬁ@dﬁgi‘d‘/ﬂ)lﬁ&ettiﬂg@ RAnd hesule daethe GalY:iciddr hld Bnd/befemition
surfaces 96 of vvedl%g menbers 90.nust be aligned with the arcuate cam

sur lacedegw drllethgilbus Hie SENMTREaRY gYsted djlows ommymieation) hetwagn thei sarfagg o,
spacers

hen it e Fging ARy SURROARLIERIH AR PR RS e R VAL &

conponenhé campositestéal tubihga$20afarabk pgpRentihPeriiionad Hrotiseng X thyallynsoRtillpd
t he package axially into upper housing 26. Upper housing 26 is then
connect &8t ¥B ower housing 28 by turn buckle 116. The steering assenbly 20

of the pr éserﬁoﬂe&!@?ie’% E@:ﬁ@%&h RYEGAM %lthérggs %m)%vrpg Qrg-ﬁsﬁ%%lc f tl’?’eoclg&go&i?ﬁe

angul ar .direction ousi'ng around axi s stream from
chi 2D bicontrdPsyateimt £30 fog the botfc?n heledistdrblng 0 ilyudiag parirulddigniteering ke @ om

- hol e assenbly 10 a ffse above the drill bit_ 12, the bottom hole
assenm;ﬁlf@%w ggﬁ iedudssos &i!%ﬂhftYh@‘ fewnhple daki dpguisitinn BoHeesHIck as APRrS
hecaies £ hALS LSS R P il Wt Lo AT PgEET Y
drill ed.plurihty of tertrolf devices reuck SsVidavicks 45BAhPEELNINOREIRHPY 20. It should be
appreciated that sensors 5527and control devices 558 may not only include the sensors and
25 contfol devices described herein but othcr.data collection and measurement sensors and
control devices well know in the art. A power supply 512 provides power to a power
~ distribution module 581 through power lead 562 and power retumn 564, a substantial length of
~ which extend through the wall of composite coiled tubing 520. Power distribution module
581 distributes power to the various components 552-560 and 580 in the bottom hole
30  assembly 10' via a power bus 582, | »
A "slow" data bus 576 provides a comn']an.d and data communication ‘path between
the various components 552-560, 581 and a supervisory module 580, preferably housed in -

-supervisory sub 672. Microcontrollers in each of the components can communicate with

each other via the slow bus 576. A "high speed" data bus may also be provided between the
26



-“herein but other data collection an
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sized hole. (larger than the drill bit 12) can be conpensa%‘ for by

maki ng th%v(?‘ﬂﬂl&d arger so that there is a side |oad agai nsgctiiseo/emee
hol e. The steering system 20 of the present invention includes a
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setting reegdiitedst,dSGhtaending thrdegi thedwaldliof eotripositdyoitssinpdingn§2d te ¢iseeand

settings and_resu for the partjcular hgle and/or fagrmation.J5 hei
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surface apd.Jfs Ha8LEINAi@S88 MR 12D dpial S7ealll robdisaruedn Rb@eHichin surface
conductors 584, 596 1n the wall of <the conposite coil tubing 520 for the

presdit iproessordiidt TbedomeeraB8) B piovialel direclositrant isodptiopdatpralgpt uphete and -

exanpl e, - referri now t.o Figure 15,.the IS 0 chematic of the
el ect roni‘{f’wr%@{ec‘g‘%‘it?)é’qu f‘é%f’%ﬁ{rgééisa}lg? T (?fga %%Wd[%g%gﬁ%l%eg% assenbly 10
i ncl udi ng par tigdhithy sigh® Grbf@sery$IeR £ Broghiigmadis tdemice3 thaslifaespmcessor

plurality of downhol e data acquisition devices such as sensors _ 552, | ‘
ori ent at i D phitagavesas ampdsan(meiilawridemogelrion ¢brbesugaee. APwial dighatied
are a pluralit f_contnol iC h, ' 5 ' ;
assenbl § B SRoRr ey R R B G En B R LRk Wepived

558 n@y N@ina0inyo dipRhludan fhesusensenspratssiag. control devices descri bed
dpmeasurement sensors and. control

devi ces wel | kil doynhele data aconisieqierevaesandconuol davirs has< THBYRM "P@‘raaurﬂavx%r

di stribut]an p - . dirdet]
subst ant i PSR Bud Bl RS THER Bty R BHEY PRAR inliRlAly dd diBerly
t ubi ng 52Rith Reyarfak siredebidrisdd wsiite ubighe didriess. bhorfsceppoesssens theanviaitiabtis
conponents 552-560 and 580 in the bottom hale 30 assenbly 10 vja,a pawer
s’ 235 GRmBEaR QT With fo PRFIS SRS ROGTNE SEHGING TS S ARG

h ' ; i el
pat h pet %F; I@g%%ﬁesﬁQﬁ&%ij&ﬁnﬁﬁ%aﬁﬁ% 51, égﬂ[\"ﬂcﬁﬂgdﬁn&ﬁRﬁrtyé s@aceorhib e

580, pre use supervisory su . icrocontrollers in each
of the cosjeansetiessurfane commmnnemtae writh eeelt lof dhh alowrihalet tentedl olevings Bdedata

ni gh- Speﬁ:ﬂ&isﬂ%nadg}ilcsesw healdgxgnl?(ﬁc-%lrl Xci:edggmr?l%;[li\égggnst gr)]r%fcrably occur serially over
| data conduits 584, 586. The command signals down to the power distribution module 581
directs the power to the appropriately designated downhole device.

25 Generally no signal is sent downhole requesting that the data from the data acquisition
devices be forwarded to the surface. Typically data from the data acquisition devices is
constantly being communicated to the surface in a coded stream which can be read or ignored
as desired at the surface. The high speed data bus 578 is normally reserved for data
communications. All of this data is in digital form. |

30 Tﬁe commands from the surface to the downhole control devices are preferably sent
down a time- or frequency-multiplexed channel on data conduits 584, 586. It should be
appreciated that these communications may a]ternative]y' be sent down the power leads 562,

564. In their simplest form, the command may simply be on and off signals. These can also
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26 | 4.7 JUN 2004 WD 01146549 PCT/ 1JS00133929 supervi sory nodul e 580 and
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address. Surface processor 514 can initiate ommuni cat.1 ons
parti culfﬁpﬁé?@ﬁ%%s nodem by sending a rressage to the unique 20 address

The nodemres Y, CO n| cating a wI ed to the surface. This
allows the surR ale TP AN S YP e ‘ﬂe YOPO‘E"%@ o‘% H8F sudssh et afedllces
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preferably occur serially over data conduits 584, onnan si gnhal s

down'3t o ‘i‘ﬁ@’%{ﬁérSLGP§?mpﬁﬂwt§)Wcrﬁidﬁﬁr@%@mcmdalﬂ)ecmrsrdlllcé povver to the

appropri atel yp e devi ¢ ner.a g i s sent
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f or war demts¢roblyl 29 wuachee and ppwentteyh ydiadidicl mpn fidie 1 9@t Q‘hééélgycﬁhﬁllcoé}n ér%es
[ bei ng communi cated to the surface in a coded stream

is constantl
can be r]JZ’daC(S'%/at‘? Q%F%Proa%te d%ﬂv@fdlrﬁl@vmiw vauigE apembarh d0hinghgisp eechngld ealbus

578 is I f t|on Al | t.hi s- da

i gt o e B B RN FRABEE e SisarRe PRty Plend
devi2es thuebrpﬂéf Embwagcemmbdpm has Mﬂl‘ﬁm p@éltfbﬁQ%%ﬂq}ﬁaﬁ%ﬂlétbpir@@?xgd@é}‘ﬁé}ﬂe|
on data. c nquits. 584, It should be appreciated t hese

comuni c&t sa“ﬁh"ycaﬁ g rsﬂé’é I/diciatpe padislagoond engle puddircdtioadd tiswol face of
. the bit 12.

The near bit orientation sensor 556 is preferably located in the housing of the steering

assembly 20. The near bit orientation sensor 556 preferably includes an inclinometer and

25  magnetometer for providing an early indication of the direction of drilling of the bit 12, The

near bit orientation sensor 556 also confirms a change in the direction of drilling after 2

command has been sent downhole to alter the angle and/or direction of the tool face of the bit

12, Approximately every ten seconds, the data from the fear bit odentation sensor 556 is

“sent to the surface via the slower serial bus 576, sﬁpervisory module 580, and data conduits

30 584, 586. The data from the near bit orientation sensor 556 is utilized as a progress check for
the direction of drilling.

" A survey grade orientation package 554 is dlsposed above the near bit orientation

* sensor 556, typ1caHy by 30 or 40 feet. The survey grade orientation package 554 may include

* the HDAS (Develco) orientation sensor. The orientation package 554 typically includes three
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564. In their sinplest form the command may sinply be on an% ff, Si |.s.
These can al so 27 WD 02/ 46549 PC2' / US06/33929 .1 7 JUN 2004 { fJU%L%ﬁM

mul ti pl ex%gﬂ“g@e power | eads so that the signals do not imieudeessszaith
the power transm ssion on the power conduits 562, 564. The el ectrical

power on power conduits 562, 564 is preferably provided in the form of
direct cuhsgRtomdteshaed divbyincinwaetetscaldag 56, otbérdentoes fomldgtensedng wmpsoere,

and all data and 5 commands are sent through data conduits. 584 86..
Al t hough #dceheTa oM BIRYE U8 toRtIG pf B 48 ?f“n‘g? BB ORI %o S 36 DB

the devigotugd tild PRELRIGETe! Nakadhinbitl K floet hEIHRIRIGI GRERBIABmACCH 2t

the surfa f ata is initi y condition downhol e prior to
bei ng f ortemperdirt.0ThiselasuLis kaneo tHeanifaconitartbd higapeaicbddmrappeximaichdes-ca
m croprocessor which acts as a controller. These 10 m croprocessors are
nor mall y $§690dised for the processing of data. Such downhol e processing is

unnecessary si W%e%@gfﬁs&?%d%%ﬁeﬁﬁ%?ﬂg ‘g}g&ﬁh& % N SRt o8l ndtll) 10at a

to the surface processi ng ole devices are -
el'ect ri calheysypevwsceg madube 68@ basicdlhceeressdasar busninasteelaed trighabé popsidesed the

actuated. Although s downhol e control devices may have hydraulic,. 15
componeniiid SIch LSURBOREBLINr & HEET TABFY NI OR T SR GUnPBaY heffato
surface pLOCESEduRl AdAHRE Sdthgest hr egnel &Fﬁeﬂi%r@?rﬁécﬁxlé%i&@f aldoe et&eed ng
assenbly 20 to actuate and power the hydrauliic anplifiers 170. These

hydr d@l i cacknpwielligements 270 dawt fiemaheamilividoalpdaedtode téndcashangereinaamitdipgn to

wedge nenbers 90 engagi an _angl e ca 80 for ,adjusting th nd . and
Gt ot orfERuiHRe MOGsTrldr ciestsfaety (the sl ghogiadt bferall hpPpehSur
Each mdg@fﬁﬁﬁbﬁfmgpt%@%lwﬁéitﬁé’%ulgé?ﬁsbhﬂﬂ}%d\ﬂé! @hefficieang uhaltiptext 81 route the

engagenment wth the angle cam 80 so as to dictate a particul ar. bend angl e

and direcrarors 66 thhedasrodl desteation. tHee shperyizoryTiieodwdear580i prefermilt HERBALS
S e RPhE A SR B ghhdE: ARURLOE Rhed ATl BN U BRACRLY

20. The & i i'on erably 1 nc h 1 ncld nonet er

and 135 nRefdhecE kiented ard K1Y icBhidehpiiied. € @ukgnil N the QM Mmedulition phioviiet iaoib of
drilling of the bit 12. The near bit orientation sensor 556 alsg confirns a
change™i tkitabét per secomddrrnamisgion mien Jubit ik expected Jhatdrrasmissiopdaies 96 AP0 KHRRNYI e
to alter th ngl e rdLr i N I f j

ropr ot ek GRS gt P Yo B RERLRE e (o B8 s Bl sl hcbback rocgspor

sensor -55%i 4 ® thé eiiperviGotynBodule 580 are/ prfdrhil y skovings € fiegheryshB7 Beying (FSK)
supervi sory nodul e 580, and data conduits 30 584, 586. The E&tﬁa fromthe
near bit BPAEALCR sHRMSdhal SHPPYSE & Eangiyysi guglef pPIP IRyt or  the

di recig on of dphd Liitke RoSHSeH1 AN RNRR" EhAkLORRAE BA0Sr matd diorithiR 8P
calculating the bend angle and angular orientation of the tool face of the.drll bit 12
downhole. These algorithms in the surface processor 5i4 are used to command the
individual motors 174 and the steering assembly 20 to adjust the bend angle and direction of
the nose 28. Algorithms for the surface processor 514 are advantageously easier to write and

25 - revise than algorithms for downhole microprocessors. It should be appreciated that a lookup
table may be incorporated in surface processor 514 to determine the individual positions of
the wedge members in steering assembly 20 desired for obtaining a particular bend angle and
direction. '

The surface processor 514 provides a way to "close the loop" between the data

30  acquisition devices and the downhole control devices. The surface processor 514 can direct
the downhole control devices to _perfofm an action and observe the results. If the resuits arc

not what was expected, or if the data acquisition devices indicate the need for a different

action, then the surface processor 514 can direct the control devices to adjust their actions
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sensor 55f¢ divpieal |y by 30 or 40 feet. The survey grade or
package 554 may include the HDAS (Devel co) orientation sens%(re%%?@ggzg

orientation package 554 typically includes three 28 17 JUN 2@) Wi
01/ 46549 a¢2CTdihigifyc ) S BRAADo NG HBAN @ BIS pdtshel dUnBS] LAS 'a'fﬁﬁ%]&;ﬁfﬁe t@J:}% W th
ot her sensQrs for determning tenperature and other downho

char act efP8¥E<endifigas.dat a from the orientation package 556 typically

includes . th t hr ee |ncI|n nmet er nts
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downhol e acti m.the surf gce and retransm

o e’ nat viGtetind ol R B RETERAUS L AT S HHLEHGE 1B RIS Be by b
r ecei vessutficagromsberdieire it bledkd 602t the fshefard @a)dc@wrvszdugkuéiomﬁ&%msdﬁwtr&es
and retransmts themto the surface processor 514 at the surface. The

commandsPAHER fgleassgmebly te verBbibg spitiags a@féiomrabxétsf phthe Vaomstompernents Amive
th d the f to the
e, SUBChUL RN s LA AR ol L e

i hf ciOmat 55h ahd ntdrebis unéramraorusan@@r mi&sbhatdataemaﬂ@ lshffhicteprvReldbAs i nTﬁQeMace
al t hough ot her %g mgod ul ati on schenmes are al so con?errp | ated. Currently
the QAM FFOEGHSL ‘hdﬁ lakes apdgdecogey Hisi trar;sé?lttgfée@ﬁmmmmsmnbé@ko@ﬂdr and, inbut

it is ex t 6 ilohits econd or
gr eat er @g%& ?eééagﬁlt g%/lrefﬁ& %%%E%%T%%??ggﬁé m ’E‘f 4P a?rzg% T‘led §r48agt known
proc essoﬂgoxﬁthtandtthldes tqoéctt\azmemmeyvammmJ:cﬁxdﬁt&icihsaIcfavr’mroﬁc eTHO }alsHP Uetéshigs &

frequen I e FSK) | ati on schenme that supports a

transmi s%f 8& E %ﬁmgﬁéﬁ ?1‘53(‘85 exdeyerheirposiven afborisntdtinneolthobitd2or 514
i ncligdes a copput@fFadiayioRsen t end
angl e and angul ar o$| gt at |Song(l)? ﬁgfa?o)a} e{igé@?at(#yeomg%rlel ‘jﬁélilnf@%iszggscg
downhol eupoTtregiedeibgained fwel! iplant’ teatspedificethprdesiesd pith st 4h@berehsie ot heopeaN

angl e arl APt Bie et Feie E‘Z@%%Sé,%?%%%Efﬁb@kwpﬁ&e;%rﬁ%éé‘mt pesder
514 are @fecaNE Ageeuskys. a5 iRE AR Oﬁafrﬁnaeﬂ 2. @%gﬁ?% a"e? gﬂ‘hé h@%ﬁx&r

downhol e m croprocessors. It should be appreciate
be i ncorfABeEd, Wa@l]gﬂméhﬂpfﬂ@lébgs@rls Emlllrtocnldm Eﬂerﬂemeed hellipadi, maﬂuaal action

nb t nbly 20_d d f
oot 20 g Ghen, i MECREEER PHEESiebr 1 TRRED, B6P e oBRE Rl S Eobes 14
provi desoatin@ustyonpdateds dchfil H%Psuclﬂecfs"i@ﬁﬁlﬁgﬁ B%}rﬁa arn® 11@'%26%%5%&??‘3@?@“ Ces

and t he downhol e control devi ces. The surfac rocessor 't he
downhol ereeeerved figayilewshale perform an action and observe the results. |f

the results A Cfor example, the comparison shows that the bit 12 is no longer drilling in the
' desired direction and that a change in drilling direction is warranted, the surface processor

25 514 sends commands downthole to change the direction of drilling in step 614. The surface
processor 514 issues a command to the control modules of the bottom hole assernbly 10 to
.compensate for the difference between the actual and objective parameters. For example, if

Fhe actual parameters indicate that the drilling is occurring outside the objectives of the well

' plan, the surface processor 514 determines a new angle and/or direction of drilling for the bit

30 12. A command is then sent downhole to steering assembly 20 to take corrective action. One

or more of the three motors 174 are then moved to redirect the bit 12 to the new angle and/or

-~ direction.. In any case, the surface processor 514 repeats the process beginning with block
604.
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.not Wnat was expected,- or if the data acquisition devices §ndi []ﬁé
need for a different action, then the surface processor SEirﬁaﬁﬁgFr?'eét the '

control devices to adjust their actions 29 WO 01/ 46549 PCTI %&}g 117
JUN 20 acé‘g)ﬁ}’?ﬁﬁ/. This form of feedback enabl es precise control and a
fast response to changing .drilling conditions. It should be appreciated

that al t er nat i ygleYthe SleGConlol a0 i8R Yurd S 08RE iRt §i€ 19 MR TLherRIdIRIe Fdian
supply fromthe surface. For exanple, an electric turbine may be di sposed

in the Shbotdigemdeokiboviagahbngamhit ciriegtation aseesored ¥eta detetnying swiratlerfthewsw

t hrough the. turbine. Referring nowtq Figure 16, a flow diagramis 0

for the prOLESHRPEEN ARty TS RoTRaes b kb de shriassMaicriE S o302 Mk
surface RIHRRESEAMbeeR Mdde SHE SuAETRBESsdr0 1uhRai lInh e Nk AcrasispitithdedsQo the
verify the séttings and operability of the various conponents and to place

t he cénporgentise iparanaessiin Stockrit 2 @l conbinmi thechengsn. If The newrpositiongee not been
orientation. pack .10, 554, and near, hit .orientatiaqn_sensor .556 send,dat

Co the suPnisas PERicdy pomaRRnE B hra®ip Rk E s P B R TR B
‘decodes thpctibmbstHetib®GadddrandBitiijon in bl ock 604, and in -block 606 the

surface processor 514 processes and anal yzes the data agai nst known

al gorit hms andlt shoylé et appehsiasgdihae thesg msiysbecmatial ilniesveabom abihe. surfigee at any

poci ©1 on it b AFarish 4R reSiinn % ot ns e VR SERPRE CopiBl LBRBRY

pr ef apabl gliing v desar@cit digdctiohjsach ay eviear ivetmesn Paseemelydond dormations. 1t
predeterm ned "well plan" that specifies the desired path of the borehole

for the viBRY tum pht 191 Rscabyeioslly rprossibie aotprbbesdt path due infosmadon FAISal
downhol e yaghangt gl .b@%t@k%haehgﬁat QB %@@%‘f@{% '1%Bg-aldnfo thd @At is not

paraneters aré wthin the ranges for Ive Pparafeters, ‘neaning
t hat the dhllihg irbihe piefeirad fbrinkhtiomgndithang chineeedesiircedoned drlfiag Is, prefeend.no
action 20 is taken and the surface processor 514 returns to step 604. The
wel | plan may T)‘éfSt‘?@%ﬂsﬁf‘rﬁ%biépf%&ﬂfd%rﬁwt&EVBQE%%“ BRa¥sgd a8 pat Ogé bottom hole
resi §ki vi i, y : [ i f Hing
dounng) o, stemBi] T¥ow T bR OPEEBFYERER o b RGPy doiing
|l onger drstfikg thgt has 4 beivelpintraad hab tlecabibry tartchve hator pedbdiagetation dt thieldriilgng
direction is \ﬁ/zr nted, the surface groce_ssor 25 514 sends cgmmnds ith
downhol e T8 E _né@ctm&caw@empaﬁné? OBfRlct i SEaflso SR Pl BAASSHENER HpRg Ith 2
processo rro%}gl gﬁ?l?ngP Systerf QAR hbR FRGinE Widapkry PAHL &2 Gkalth ?Obs@} R RE Sy

assenbly 1 conpensate for the.difference between the actual and
obj ect i veaspeamldg@Der s. For exanple, if the actual paraneters indicate that

surt De. pr ocesL SPORY APRETITTH et olien e auie Ba 8/ Brd aPrelt o ByISGielePriRy
for the hbhﬁ%é%mﬁ&wmn%% SystdiB N THeNys @aVER0dig bO ai:‘l@.ﬁﬂilé't%?%ﬁm $hal0

to take corrective action. or nore of the three notors . are then
nmoved to Tceedraends hee biquirgd from tthe sndaceafryl beafierong assembly 20 to control and

maintain the desired hole bore path.

This invention has various advantages over the prior art. It has the ability to control
25  the amount of angle and direction of the bend and thus the inclination and azimuth without
interrupting drilling. It has the ability to steer the bore hole direction in an oversized hole due
to its ability to offset the bit 12 and change the direction of the bit 12 towards the direction
being drilled. It has all of the above abilities in an assembly capable of drilling as small as a
© 3-3/4 inch and ]&gcr bore hole. The bore hole will have a smooth transition from any
30 direction changes required to steer the drilling because the correct amount of bend and offset
required to obtain the direction changé can be used so that there are no excessive side loads

and because the bore hole can be monitored as the hole is being drilled. |
Although the preferred embodiment of the directional mechanism for actuating and

controlling the change in bend angle and direction of the lower housing 28 with respect to the
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di recti ongg dilks@9y case, the surface processor 514 repeats the process -
begi nning w tﬁ %Pock 604. 30 17 JUN 2004 WD 01/ 46549 PﬂlmﬁﬁﬁMe
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t r ol respegiiveini tht akientibe nebesicregoh ; | S o ' .
\Sgpi (r)lcj)sl ﬁ,t%\r/gnt a.J eggg\/_nrl ?he prezfﬁr aﬂ?%ﬁﬁaﬁeagogﬁ#g??3&(,{@1@?:‘(3{%%#%?)2 055
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t he anmod pusy WIRGTeaPGCE &9 thenaxds 74 I upperchammioigt3tute ¢thegé mied bevdt dnanorand

azi mut hgireatibhegbit 1pnterrupting drilling. It has the ability to steer the
bore hole direction in an oversized hole due to its ability to offset the

bit 12 and cRefeyergtroey i Figutei 21 tife fshBoRh b sifl thaNGTAS tapee Q{n'bS@i}ﬂ'eBP f B! N9
dr |2PI eddirel é Q@;}Pal | of tge above abilities in an assenbly capable of
dr 2P i réliregho fehauism ob thy prosgathinyertignar gireckiona Meteanisihe3boineluied anwi | |
‘have a eEeioR hEABE U5PRobi |40k PR, GRAPAPS T el red §9 sheer
the drilling because the cor W, Ayt 4, 438 %Obgw%f?‘i}ngg'gf%eg&%’&u'?%“eazt‘é
obt ai n stAROTHid bevieom kohaidggomamobsiny SR asd ot btk LBRLEr A56 NALREFHAShYR,S! de
| oads . .
| housing 438. Extension member 432 is mounted within knuckle ball 32 such that extension
‘member 432 can rotate within knuckle ball 32. A locating cylinder 440 is mounted rotatably
25  and reciprocably within upper housing 438 by means of bearings 442 and sealing retainer
member 444. A spring 446 is disposed between cage member 436 and sealing retainer member
444 to bias locating cylinder 440 away from extension member 432. Locating cylinder 440
re;eives the upper tapcre_d end 448 of extension member 432. Extension member 432 includes
a plurality of cam slots 450 each of which receives a cam pin 452 mounted on locating cylinder
30 440. Cam slot 450 includes parallel cam surfaces 454a and b whereby as cam pin 442 moves
within cam slot 450, extension member 440 pivots to change bend angle. Locating cylinder
440 is attached to an electric motor, such as motor 174, allowing locating cylinder 440 to be
rotated. As locating cylinder 440 rotates, cam pin 452, within cam slot 450, causes extension

member 432 to rotate thereby changing direction. In operation, when the pumps pumping
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and because the bore hole can be nonitored as the hole is bei &;du INeﬁ.
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Ext ensi on - g Anetr geeRtation o thedpweyhasingdf witbtrespssOoshe hppet huhsioh
recelves . C&%&W{bﬁ%im%gd,e Ch A Lh AR 28 lleel»sncgees{rablc due to the required drag on

the boreho_lc wall. One such apparatus and method includes the use valves and drilling fluid

to extend adjustable blades in the housing of the steering assembly such that the lower

25  housing 28 changes the bend angle and directiqn of axis 72 of ]oﬁrcr housing 28 with respect
to the axis 74 of upper housing 26.

A still another directional mechanism includes housing an eccentric center cam in the

upper housing 26 of the steering assembly. The eccentric engages the driveshaft 14 within

. upper housing 26 and causes the driveshaft 14 to deflect as the cam on the eccentric is rotated

30  within upper housing 26. As the driveshaft is deflected in upper housing 26, the down stream

end of the driveshaft 14 engages lower housing 28 causin g it to deflect with respect to upper

housing 26. As lower housing 28 is deflected by driveshaft 14, the bend angle and angular

orientation are changed to achieve a new angle and direction for drilling. This method is less
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30 440. ®&nPE4664% 450 i ncl udes parall el cam surfaces 454a apndr/bswirssmby as

~cam pin 442 noves W thin cam sl ot 450, extension nenber 44@& pi
change hen 440 is_attached to aﬂ ZIgg‘mi%{}{#{)tor,

d,angl e. Laocating.cylinder
Such as SRUTBIC 194¢ aafifb Pty 1S SBBHGG U frtehallabe 9 He campien di, eqmgntric
| ocati ngGpildender 440 rotates, campin 452, within camslot 450, causes
extension nenber 432 to rotate thereby changing direction. In operation,
when the pumbsillpotipi mgubo8nénts .of a) kide26RA4 s WA 14rd 654904e@TINUB0 . 3@ 8% @ional

AR TN T VR O [N e
PUNDS$ - apSichUiiBdai Sdhie N&@@Fgg’i‘@g@ Wl%]d; ﬂﬁfgl 2’040199%\‘.{13%4’ ?@gﬁﬁgﬂéﬁteﬂg'a'bgﬁt

shoul der 456 'of cage nenber 4 not térnative me¢hani sm
i ncl udeberhy evogntrated hpreer ey mftryndeaandng @ S.5papdnd agplidayion SeganNS, U 353699
which ig,i n nt.with th t ension mber of | ower housing 28 and
s rot alls WPt B OV RENI5H R crphia Ry R dng vy ered Ditcshers brikme Rlct”
alter h&gbPRROARAFhRAT bYRGBleake Ori entation with respect to the axis 74
of upper housing 26. It cah- be seen that such an eccentric may be rotated

by an el.ectr ilbe potfared embdditrickeofethe prasent invémion Hag4hdabanidgedthanittdaes not
. As the eccentric . is rotated, the axis 72 of |ower 10

d di t.
ﬁéﬁfs Lrg?wec{é’é’g)gﬁfa@wwﬁ MELRERS: ehggeingethg parehole gyall ip ereatp asiig dsing) t

can be agamtRRUENR aphi9Wile RAUS it@ﬂwﬁdﬁﬂ%@fxa&f SaRthd é}?veglgﬂf\/?or I?Qt{snhﬂ)% gﬁ% nism |

Wi th respect to upper housing 28. An er alternative directiona
i ncl udekbadwnddergae.at e devices in the steering assenmbly for changing the

bend angl e aRg .changi ngul ar. orientati.on one for chapging the bend
angl e and an%@? i %FP%Wgn%Phﬁélgﬁamo ‘rtg‘c’)r‘i“é‘?ﬁ”o&"i Eﬁ% bgeny SHOYT M Astpribed.1 5
val ves andiftiaGbRNGcRRIBGLCHE RRde eS| RNIABARRE ah%‘atma@p;&{iﬁ%?ﬁ%ﬁgm%%m and

a rotating nenber with bearing assenbly and notor rotate t ower housi ng
28 I t ho¥ pRenupy t he upper housing 26 to change orientation. The change
in the bend angle and the change in angle orientation would be independent
of each other. It should be appreciated that many of the features of the
present invention may be 20 adapted for use with a steering assenbly which
engages the borehole wall for changing the bend angle and angul ar
orientation of the |ower housing 28 with respect to the upper housing 26.
As previously discussed, such enbodiments are | ess desirable due to the
required drag on the borehole wall. One such apparatus and nethod i ncl udes
the use valves and drilling fluid to extend adjustable blades in the
housi ng of the steering assenbly such that the -lower 25 housing 28 changes
the bend angle and direction of axis 72 of |ower housing. 28 with respect
to the axis 74 of upper housing 26. A still another directional nechani sm

i ncl udes housi ng an eccentric center camin the upper housing 26 of the
steering assenbly. The eccentric engages the driveshaft 14 within
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upper housing 26 and causes the driveshaft 14 to deflect as the camon the
eccentric is rotated 30 within upper housing 26. As the driveshaft is

defl ected in upper housing 26, the down stream end of the dr|veshaft 14
engages | ower housing 28 causing it to deflect with respect N!ﬁ@@
housi ng 26. As |ower housing 28 is deflected by driveshaft 1 ”“the lf’
angl e and angul ar orientation are changed to achieve a new angle and

di rection fWhatds élkimddgs: This nmethod is | ess 33 WO 01/ 46549 PC1YUS00133929 7
JUN2004 desirable since a side load is applied to the driveshaft due to the

camon the eccentric nenber. Still other enbodinents of a steerable system
are discl oged lmﬂaf auﬁlf&\éte‘éh abit wARP hiiak b%&aﬁ@le'ﬁ%ha &@sur@a@é({ﬁé”b@%

filed Octo er 27 eﬁ@ g%tle "Drilling Systemt and U. patent
applicatio e’§§|“?°<¥1“ 7 §9MPBYE:| | ed I\/ay 20, 1998 entit I ed "Drilling

Systent'5 bot h herely hiviees n@srea;bmﬁiectuartsbﬂdlwdy By £jdife@ citidetidh, U S. patent
applicati on?lﬁe?rhal 09/ 53, 599 Iad“ 14 1999 Sntl tf ed "St eerabl e

Rotary Dril® ROse 3 DRyIng ap Ay Ugh geid nogeayitly
i ncor por at eﬁidhﬁgcﬁop&rdmyellyeﬂreﬁ&ig(me shﬁﬂen@m&lemeeﬂt Iefﬁhﬁglwmméspeét whe present

i nvention h%é &e adva ]ia es that it does not 10 include external

adj ust abl e IIFB é“f&r%gdiﬁ the borehole wall to create a drag during
drilling nor doeas acmatapmbya‘tﬁjr feuiited 6:¢ Said bodyf‘@d(ih'gagxsgf‘s’aidndsattsinﬂ% gei veshaft
to traqgmt beot si de Wntg ﬂ%‘ﬁnd to q(gtd e%erti)ed enbodi.ent of the
vent o RaS it St in B8 RerBiRad R fired hnFich REALRL O ReRdeR il be rade
by one ski Ir¢spectitontht hedyaads MAsmH@mmedie@mettldngaﬂd omthe spirit 15 of the

i nvention. 34 Eg ar at.us er| gabit

w T et ) oo et ar bl £ RIS Bosiin e ¢RBRRY £55 Bish MR B i oa 5
shaft, combpdsingfortirg abﬁxﬂ‘ydﬂ'mwmgf @rilhingef thebitacd edecond padilorbaltlyinRy a

j oi nt ed conpns ﬁﬁ)%é 2N, nosg lmgyggéeoren%eha Qeaw (gfe p%ﬁa%(fldauilt he ‘ihaft

passing thro ga g nose bFar e shaft
and wi fih tlaetuupt alteongmemgswmdﬁmﬁwdh’st positions i themdlydphsrtwmngkdlmﬂhdbmg; an
act uat or ahhYriRKgiLed on said body and engaging said nose to nove the
10 nose with respect to the body and said jointed connection and alter the
nose axis with respect to the body axis at said jointed connection; and

sai d actuabor hgyiaghdathd §5HaiRASHAER sBH LEhhRdPinkRBed B G St L N T espect

to said
connected to a piston to move said actuator between said first and second positions to

20  change both azimuth and angle between said body axis and nose axis.

3. The apparatus of claim 2 further including a power source at the surface

providing power through conductors extending from said power source to said motor

and actuating said actuator into engagement with said nose through the rotation and
25  axial movement of said actuator.

4. The apparatus of claim 1 further including a processor at the surface in
communication through conductors extending from said processor to said actuator, said
actuator engaging said nose.

30
5. A method of steering a bit from the surface to drill a borehole, the bit being

mounted on a shaft, comprising:
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body axis formng a first direction of drilling of the bit and a second
position altering the nose axis with respect to said body axis formng a
second direction of drilling, said 15 actuator altering thE?o e axis from
the first position to the second position while the bit dZQC%
borehole. 2. The apparatus of claim1l wherein said actuator inclu n
electric notor connected to a piston to m)ve sai d act uator betvveen sai d

first and secong{t@ﬁﬁfgm&ﬂ%g&u%gagt@ ek L& lgkween said
body axis an nose axis. 3. The ap aratus o "claim further |nclud|ng a
power sour @84 g0 WW‘%?&W%%@“%%WWWM%U@%@@ ext endi ng

fromsaid ﬂﬁ%%ﬁ%%&@ﬁ%@h@s@@nﬂﬁom@ﬁﬂnﬁﬁab pﬁbﬂlr%%éjshﬁﬁt uator into
engagenment w th sai.d nose throu rotation 5 axi al noyenent of

sai d actuat or. BWeTREA befjom hlees &bl Paying a sty EHeTHIgIASRY: andbbcessor at
t he surfacentblhe lﬁﬁéﬁdil&brﬁ@&ﬂpb&té dviled eibipanatuaiies axisMbRRGIEd bi i@ sai d
processor to_sai ecgﬁﬂi? said actuator engaging said nose. 30 5. A

met hod of ’é’é’P?‘Wd;Og Mg om the surface to drill a borehole, the bit

bei ng rmount ed movidingpatver totltioni gk asserdfly Trdtdhe Qe tiemgbhngvdlhef shaf t
through a steeri n SS@W the steering assenbly having first and second
portions c e ERRE ’t% ’?ﬁ’ connection, the first and second portions
each having antrmsnsttmg ﬂittafl‘bﬁl the seaborand p&&éﬁbﬂatplﬁﬁﬁr@%ﬂﬁcﬁigﬁ&mbadl of ]
suppor t,kng he shaft ; ing a bottom hole assenbly having a sensor, the
steeri 518 R?Slt ??d gl{\@mgs into the borehole on conposite coiled tub| ng
t hat c?rriﬁs gxlzx?beskmgﬂre dplaac thel smlﬁacelueditaﬁmmhh eﬂﬁeoa??] bfadhlhngglan@ pr](c)w ?Ih ng
power to the bo amthe s ce o] e
conposite coiled t I%ﬁ%goﬁwg%ﬁ? ﬁe Sﬁﬁn%?sgm?ﬁg {‘h%‘eé‘érﬁ%cgr“’%?ﬁm I&‘Focessor

at the surfdaedianfdugimgt el wal | of 10 the conposite coiled tubing;
processing the ﬁ?eh‘?l ?ﬁe in Cofak 0%1 noﬂﬁést gﬁn eas:t r}n d'vvrlt% | 2Ms 8 drl I ng;
and transmtting cBmands to the eering ff rom ThE €4t face to
change 16 he sedindgotticarnfdtie mddngiansg:mb@nat aabmeerd qmgmtdimn bx:iusaenthaaﬁr&i angt portion
of the ste ) of the

ot cer' ng. ascaniFon Ry sobhd b Biing nBhrpional S RERP HUBREIER 000 on

portions, tais @Mmtmmri on being non-rotational during the aI tering of
t he

J'U

6. A method of controlling the direction of a bit while drilling a borehole forming
20  awall, the bit being mounted on a shaft, comprising:
extending the shaft through a steering assembly, the steering assembly having
upper and lower sections connected by a jointed connection and the lower section
rotatably supporting the shaft and bit;
lowering a bottom hole assembly with a downhole motor and steering
25  assembly into the borehole;
drilling the borehole by rotating the bit and shaft on the downhole motor and
applying a load to the bit; and
adjusting an axis of the lower section with respect to the upper section of the
steering assembly at a jointed connection between the upper and lower sections while
30  dnlling by changing the angle of the axis of the lower section with axis of the upper
section while drilling and by changing the azimuth of the axis of the lower section with
the upper section while drilling to change the angle and azimuth of the bit and thus the
direction of drilling.
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axis of the first portion. 6. A nethod of controlling the direction of a
bit while drilling a borehole formng 20 a wall, the bit bejn n on
a shaft, conprising: extending the shaft through a steering %Qgejﬁﬁbﬁﬁﬁ%e

steering assenbly having upper and | ower sections connect ed by a jointed
connection and the |l ower section rotatably supporting the shaft and bit;
| onering a bottom hole assenbly with a downhol e notor and steering 25

assenbly irmo t e hpaekslfer: stebiing kibiyviilkerinaigelwréholyfdme ttsufied PR i t and
shaft on the. dom%&gdeogggsﬁ_lo% and ,%{gl ying a load to the bit; and adjusting
an axis of PFHEM PR espect to the upper section of the
steering assenbfirgt @id secomi iueglge BAVIRE fitso Andbaicwabik s Yespepadly,and | ower
sections while é% dr.i | idn b%/t.ch_angi ng the angle of the axis of the | ower
section wi ARG o JoiLe LF%B% “H8%ction while drilling and by changing the
azi nut h5of t he said sscaofd Hohsing cutetablyaappostingihé hafitahé opgrprelys@ahéddd tahi | e
drilling t?hec@gnge the angle and azinuth of the bit and thus the direction

of drilling. 17 JU 2104 7. An apparatus for steering a bit while
drilling a bor emdcmateronvtdbty monfitad evithitheibfitst hbwsimgamdoamghgidg eaida shaft,

conprising: . fir nd, s housk ngs. havi.ng first. apd second, axes,
respecti vels?/%ong%éuglégtrﬁ)n@%%que %‘i}’gg‘ﬁ th{s%%lﬁ&%ﬁ%egéﬁitg%ﬁrs%ﬁ%ug]ng A¥nd housi ng
rot at abl y goipisdrcoimegtiothandsittaf theaacbnd peisatithvespectoo tirciistectis @ saitlpeintedt ; an
act uat QR rr%ﬁ%lc%{oﬂr%l@t ed within said first housing and engagi ng said

second housing to nove the second housing with respect to the first housing
at said joi nt edidastuntarthavmgarfitsigiosition aheringetbo netoad axis withirespesiedlie t o t he

first axis iegd -0l . 1 QR i r i a first
bositi on sl RRrlifk BEEEainddiof PSR Se B And AR hIRATaGRHLRY B T 1S
first direcetond apis vahitespesigo dfe firbleaxisi fornsing a aewed dinectipn of diilling sdider i ng t he

second axi %cﬁg{ial%p alfe?ﬁlgglfet SCF(S}Ith&?S fi‘drﬁl He fﬂ&gﬁaﬁi% g tﬂ? s&or?cfﬁc%ﬂﬁnr .Slio?é: f.on of

drilling said  actua altering the second axis from position to
t he se&gnd bidsintheborghade and wish s bifjretating with respedy o saitbiitat andgesindh t he bi t
rotating Whblksif&RERE dliffingdi d first and second housings during drilling.

8. A nethod of controlling the direction of a bit while drilling a borehol e
forming a wall, the bit being nounted on a shaft conpri sing:

8. A method of controlling the direction of a bit while drilling a borehole
forming a wall, the bit being mounted on a shaft comprising:

20 extending the shaft through a steering assembly, the steering assembly having
upper and lower housings connected by a joint and the lower housing supporting the
shaft and bit;

lowering a bottom hole assembly with a downhole motor and steering
assembly into the borehole;

25 rotating the shaft and bit on the downhole motor to drill the borehole; and

bending the lower housing with respect to the upper housing at the joint with
the upper housing being non-rotational while drilling by changing the angle of the
shaft and bit with the downhole motor and the azimuth of the shaft and bit with the
downhole motor to simultaneously change the angle and azimuth of the bit in one

30  actuation and thus the direction of drilling.
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20 extending the shaft through a steering assenbly, the steering assenbly
havi ng upper and | ower housi ngs connected by a joint and the Iomer housi ng

supporting the shaft and bit; |owering a bottom hole asse IQ
downhol e notor and steering asserrbly into the borehole; 25 rot At gq%
shaft and bit on the downhol e notor to dri |l the borehole; and bending the

| ower housi Wt Le ect to the u u5|n at the 0|n with the
upper %um nghfb@f* iﬁ’a%f‘ﬁﬁﬂ?ﬁ’iéP FIPEa P“?tlnﬁgthﬁrbmg‘l?ﬂ\ “PIP% Bfgl e of
the shrbder Beidstwitietddilile downhol e notor and the azi rruth of t he shaft and
bit wwth the downhole notor to sinultaneously change the angle and azi nuth
of the bit in one 30 actuatlon and thus the direction of drllllng 37 -1.7

JUN 2004, 9. he urt r u the bend

bet vveenfq he %ppe fg':onﬁg qfhg{]fﬁchﬁg Oaﬂi)ftévqﬂng ‘ﬁ?]ﬂ‘?'éagﬁjﬁhﬁ B VAT

cont r ol ¢onfygrisime di rectl on of a bit while drilling a borehole formng a

wal I, conprising: lowering a bottomhole assenbly with a downhol e notor
and a st eer i \yeHES a hpHtgmihelenssemblyhyitehdevenhalomatar agd e isetng assemblydnto
downhov\ﬁl ;eg&eto drill the borehole; bending the bottom hole assenbly at a
j oi nt i'e drifling by changing the angle of the bit with the downhol e
not or whi | e mhtatingitingbiaonl tHeydoshdol metot teedriiz iheblehofe; t he bit with the

downhol e notor whi|e dril g to _change.the angle and azinmuth of the bit
and thus the eng;qgett@ P%tFPn&L @@F?W‘?}ﬁljat %Wéf“ﬂ’f%\‘?l‘ﬁ!“ﬁ@ﬁ@hd’é‘&%étt]?ﬁ anglgelgi ng a

menber {s$AGHiat &8 dbivhiolk RSorbr Jvhﬁé’drﬁﬂh%ﬁﬁd b gmg%e mutﬂﬁéﬂgé Bit W‘l t he

bottom hol e assenbly where the actuat does n engage oreho wal | .
11. Thethedpvolble motdravmileSdrilling lechaogeriheiasplegng lazidiutig of the bikahd thnshind e

asserrblaé le ng é)%li borehol e wall while adjusting angle and azinuth of the
bend. 17 Li%irg:a7 of claim 1 wherein said actuator does not include a

hydraulic  dprs{ididysdn @ma&sf%hgag]n%§meﬁ{bea§s%6&meﬁ “flﬂ’lrthéBﬁ%hdjgst%eb dn a
bor ehol e, conprisin housing having a first portion with a fi rsgt axi s

and a swdaatmybiof therbaiforhhale sisemhly whstt the astiatpridoesnotangagsdboberehalet i ons
bei ng Q%}pect ed by a universal joint, said first portion being operatively
connectedto the bit; an actuator m)vably nount ed on said second portion
and engagi ng said first portion

11.  The method of claim 8 further comprising sliding the bottom hole assembly along the

borehole wall while adjusting angle and azimuth of the bend.

12, The apparatus of claim 1 wherein said actuator does not include a hydraulic

distribution system.

13, An assembly for steering a bit in a borehole, comprising:

a housing having a first portion with a first axis and a second portion with a second
axis, said first and second portions being connected by a universal joint, said first portion
being operatively connected to the bit;

an actuator movably mounted on said second portion and engaging said first portion
to move said second portion with respect to said first portion at said universal joint and alter
said first axis with respect to said second axis; and

said actuator moving against said first portion causing rotation of said first portion at
said universal joint from a first angle and azimuth of said first axis with respect to said

second axis forming a first direction of drilling to a second angle and azimuth of said first
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to nmove said second portion with respect to said first portion at said _
universal joint and alter said first axis with respect to sai (ﬂsﬁqu@% Dm.
axis; and said actuator noving against said first portion causing rofation
of said first portion at said universal joint froma first angle and
azimuth of said first axis with respect to said second axis formng a

first dir.ection of dri.lling.to.a second angl g and jquth of said first 38
J 7 Juﬁg&lthéﬁﬁp §Ctv5|°tsﬁdrsg%o%‘g@fﬂsf%nglé‘ga Sg%%’grfﬁreﬁsk?l’sg}fz‘%ﬁﬁ?%g a second

direction of drilling. 14. An assenbly for steering a bit for drilling a

bor ehol e4.f r o tab@nib fRGRerihH8 bRifbr BR1AY 2 HERUBL: Iﬂﬂle%ugfgg%gayélgé;ﬂégxgga shaft

axis, conprising: a body having a nose connected to sal
uni ver saougled aeashafhhavng g shaftigxisedmprisisg: each having an axis and rotatably

supporting t ft. said nose eratively connected to.the shaft and

o1t sai d°botig AR “%%1%“%385"8“%3%‘%&8é?‘ﬂé"’g%)éiyiaﬁ’é‘a’refﬁif?‘fﬁmf’ﬁ@nsf?éﬁi bodiert! “an
act uat ofoseruetDhavinPaNGEard yolddbly BGHrRhe HeEY 418 nd& cheRRR Bl @nARY& t he
nose wth respect to the body at said universal connection and alter the

nose axioshgshalt anddple said pady e anbagseaxisdeing eollingauwith dresshbft esisnect i on whi | e

altering the LSy i .Qk i a first, posjition altering the
nose axi s w ﬁ%ﬁ%ﬂé?éﬁby ‘2‘8?#%535‘8%? ?gx?&;%lrﬁaﬁlélgasglpi ‘1%§? {Odfl?‘éecﬁe 8R5%f
drilli ngitbfespbet thilic taxig abss® aniverspladhhéddionahd elérnBe hdke aRRSHEEsSect Wi t h

respect ,t aid body, axis formng a second direction of drilling; and

coil ed @ﬁ%f’a.ba’é‘ﬁf‘ﬁ%q W{t}v?rﬁﬁﬁpg%ﬁcg%@’@}letage@%th§ﬁh#ﬂa@@% 15. A nethod of
control ling {he.di ] j RN lo SN read bit being
nounted on a shgﬁ%t&?ﬁ)dﬁpg{r% é;ﬁrﬁgp@éé%n\é\ég%ﬁ%%%@sg ﬁglfs t l@ﬁ%%ghgasalg& Z)gyi ng
assenbl axis fomming st digeciion efdtillingafithegbibandwsesbndpesitiviedicadg tie msbedsi ng

pack by universal. .joint,. the.bearing, pack rotatably supporting the shaft
and bi tYVﬁPB‘?I?/BF‘ﬁﬁ‘bsaédhfﬁé%%i‘ é’”f?fﬂﬁﬁ Se&ﬂgd Bﬁ%c"’é’flé’éapﬁﬁlgag%nbl y into the
borehol e on @R ikbin® bxtbtEngirbih &f@o&?ﬁttolﬂ?ééﬁgfagé?erati vely connected to the
housi ng of the steering assenbly by the bearing pack and universal joint;

rotating the bit on the downhol e notor while maintaining the housing of the

steerin as d the work.str.ing.stationary,.durjng the drilling of
t he borehol e‘?%fagda%g °§‘ffﬂg‘“\§%%‘?‘£eéﬁ PP gfr‘na E’ﬁé‘v }H%E%%Hbg Ebii"or e’sﬂf“’eé"rt *’ﬁ‘@g
assenbl motsted b a blesft, icompHsiak: t o change the angle and azimuth at the

uni versal joint on the steering assenbly while in the borehole to change
t he directi ofktgdingthe phquthrcggh a steering assembly, the steering assembly having a

housing connected to a bearing pack by a universal joint, the bearing pack rotatably
supporting the shaft and bit;

lowering a downhole motor and the steering assembly into the borehole on a work
string with the bit being operatively connected to the housing of the steen'ﬁg assembly by the
bearing pack and universal joint;

rotating the bit on the downhole motor while maintaining the housing of the steering
assembly and the work string stationary during the drilling of the borehole; and

applying a force from the housing of the steering assembly to the bearing pack to
change the angle and azimuth at the universal joint on the steering assembly while in the

borehole to change the direction of drilling.
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