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and nore particularly to a steering systemfor directing three

di mensi onabaeyt(ANnaz iyl #d, kn §moodu, &, Rint ruaRds S art arly to a
steeri ng aregeiiddl BE. GRAY, TE BK EF, IFCFggBmRB% ogiy"é?g %ZP ;J’e:a oloj HWREFE & oreid-o
and from tgﬁ?" H‘Ff%@'r SRdRWRAEpatera (BE, BIhem gendopnsh angt .88 (!?‘Jeaagjﬁeam@tm Gipesi
while dril FTf CMTW%G@dﬂ@éﬁiM&ﬁ@H”bﬂ%@ﬁice for drllllng a2 borehol e in a well
in a coninidkd:ed direction requires nultiple nmechanisns to control the

di rectioen Mibik@notldnbilséatc-RgporsA cOmon prior art too] € 10 for controlling
~the direction of drilling is a bottom hole assenbly consisting of the dril
bit, stabilizers, drill collars, heavy weight pipe, and a positive

di spl acenent notor (mud notor) having a bent housing. ~ The bottom hole
assenbly is connected to a drill string or drill pipe extending to the
surface. The assenbly steers by sliding, (not rotating) the assenbly with
the bend in the bent housing in a specific direction to cause a change in
the borehole direction. 15 The assenbly and drill string are rotated to
drill straight. Another type of prior art tool steers using non-rotating
stabilizers, |ocated sone distance above the drill bit, to push radially
agai nst 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
steeling tool can 20 change direction at a maxinumrate of about fifteen
degrees per hundred feet of hole drilled and nust be run with a rotary

drill string or below a nmud notor. One such systemuses valves and
hydraulic fluid to extend adjustable blades engaging the borehole wall to
change direction. Still another prior art steering tool steers using

paddl es | ocated sone di stance above 25 the bit. The paddl es push off the
side of the borehole in a specific direction as the bottom hole assenbly
rotates in the hole in order to alter the direction of the borehole. This
type of steering tool can change direction at a maxi numrate of about ten
degrees per hundred feet of hole drilled and nust be run with a rotary
drill string or below a nud notor. A further prior art steering tool

i ncludes a housing with a ball joint and adjustable 30 bl ades adjacent the
ball joint and bit whereby the extension of the blades causes the downhol e



portion of the housing to bend at the ball joint with respect io t he

remai nder of the bottom hole assenbly. Steerable systens, V\ﬁi MUN\Q%
the wal | o¥Otheésaborehol e to change bend angle or directi oper/RERabeg
undesi rabl e drag agai nst the borehole wall while drilling. This I 7 JUN
2004 requires additional drilling force on the bit to overcone this drag.
Such contact al so i nhi mEEw&NSiDMSTEE@PMSMSW assenbly within

t he borehﬁk@l&@&??)’éﬁﬁ wfﬁgmgﬁgﬁs%net hod i ncludes a steerable system

havi ng wedges, are-ac a pressure differential extending the
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drilling direction. Drilling nust be stopped to change
prior art9#figg of adiomheic @ weel iapdimaye poritcubirlyed seetringuysteniTive shrectoneyes |

only ong: : d_ i plane.of..the tool. Further, the prior art;
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st eerabl e s%/stems can varP]/ bend angl e downhole, few 10 can vary both Bend
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angl e andPaPssandsmslegddhedireasion prlillsrdrilling.t ool s control both the angle of

t he bend and t ' : | : b while dril.ling., Oten it is. . .
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whi cqppr c%w de el ectri cal gower and hydraulics from 15 the surface using an

umbi LPcallonERmtdns Hiet HiescHor f dalliss is acuittopphpledissanhly gronsistiveyef the siridhbit,

syst ens vyl 0 : ; hple t.ool directly fromthe surface
through CheToart <l ¢aRe ey PR pEe HE Bobbl el e no Bt et dopne
defi ci endiaeingof barhéopsingr Tae bottorBUMARYeb! y TSk ohABAENTIGANIAN stihgér &P Bie

t he presen{ l,Lhventi on provj ges an apparatus for steering a bit while '
drilling®4 eBSV‘é’HBF‘IéeT -tLrT € a3FPhbestesrn by sligingdpagrossing & asperablyhifit the
conpri si mgad i BROYEDAYIRE th HOSRIFOM t | Y Qi ed .
connection, said body ‘Egﬁgd noglz&efgfﬁﬁﬁgf\??ﬁg cgﬁéegé(fqgé}%tgﬁg s%g?‘{eﬁélgs“gﬁeﬁﬁjon-

t hr obgh Jaeasywoddy and #rild airig arosdateder diill stedightdi recti ng the shaft and with

the bit rotat iﬁp tvg'rtth reogpect to Scﬂi d 25 body during drilling; an actuator
novabl y mount é TSPy FRP Y RHgHETR 'SE GORERBINY Satilézersdocaterd somiet h

respect distdnoe 2bOwy tangs i 1d Pidk £LAYNNBGk o gl & th?ﬁ;pféglﬁlc?”ggtﬁ Gaaf‘drée,

with respect to the body axis at said”jolnt egﬂbconnectlon,
act uat or Upkllyrignatani, se thasdld bit ovill alrilleini thg dpipesireodieecaion st \ai dontrbBEPELE while
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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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axis with respect to said body axis formng a second direction of drilling,
said actuator 2 .17 JUN 200+ altering the nose axis fromthe |rst osition
to the second position while the bit is on the borehole. InL ﬁ 200
aspect, the present invention provides a nethod of steering a b|t fron1the
surface to drill a borehole, the bit being nmounted on a shaft, conprising:
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havi ng f|r t and secon ons connec Ol Nt “tonnect on,
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portions rotatabl sup orti t he sh
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assenbly fromthe surface to change the direction of drilling; and
al t eri ng fue canmg contrel the disgction of fherbend witheutsiotasing ke @’sl!ssmbgy with the axis

of the second ) senh t t| on
bet ween t he f|¢§@£%%§EE§LSécoﬁﬁEggéﬂggﬁgaaPﬁg %g&ﬁn% @ gﬁ ngﬁ
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yet anot her aspect, the present invention provides a nethod of controlling
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steering asse e stee wer sec ons
connect ecbeng. a j oi nted connection and the I ovver section rot at ably

supporting the_shaft and bit; |owe gottom hol e assenbl y with a
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such systems do not prov1de power to the downhole tool directly from the surface
through the wall of the coiled tubing.
The present invention overcomes the deficiencies of the prior art.
SUMMARY OF THE INVENTION
20 In an aspect, the present invention provides an apparatus for steering a bit while
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



"17 JUN 2004 adjusting an axis of the | ower section with respect to the
upper section of the steering assenbly at a jointed connection tmﬁtﬂf
upper and | ower sections while drilling by changing the angle df 4-
of the lower section with axis of the upper section while drilling and by
changing the azimuth of the axis of the |ower secti on with the 5 upper

The. ai ronrron et P ot R ML AR p AL e b 0Bl O

provi des bmrelaﬂ@aratus for steering a bit while dri I ling a borehole from
t he surface, gma,nblt bei n mounted on, a shaft, conmprising: first and second

housi ngs havin P§h§’fasa?ﬁ§’ eRrsHAt Y ention praviles a megogd of sisermeoritEemdhe 10 by a
jointed coppeci) @i a et§ﬁl%%gt%efﬁ%‘fﬁduﬂ%droﬂta%ﬁﬁﬁocérggﬁli'ﬂggmt' ng the shaft and

operatively connecte an actuator unted within said

first Shousing eauanﬂmﬁgaglaﬁgms@rhm&smﬂﬂmmawmgmmblyhmmmdhousi ng
W th respect to the f|r t,. housing at . said_jointed 15 connect on and alter
t he secon ROTHGO Forng %’eaé?-‘ocug ’Pféic?ang’Fﬂg( S§tONd RPFOPLFARE E@Y“?E(ﬂﬁ‘nectl on;

and said @ﬁé%ﬁéﬁﬁ@ﬂd@o&d%&yﬁ%ﬁsr@ﬁ%i | sBppbotilehd gt he second axis with
respect to the first axis formng a |rst ditection of drilling of the bit

and a second ﬂfb@ﬁmg@rﬁioﬁfbméﬁieﬁgﬁembh/ heeingrdensax ite siweting asespiigtantlbittite fir st

f d t |l d .act | t 20 th
second anS SpRTEERSomPhUE ShIel e T o BB Bl Pone Bre ehe bit i s
in th® bogrkohdinggnd wWith the bit rotating with respect to said first and

second housings during drillin In yet another aspect, the present
i nvention pr oPrQYEhngpavesr kol §ptiern hele assemaly frame thegprfecstthrongtod wall bf thewhi | e

drilling ]qu ng a wall, the bit being mounted on a shaft
conpri si négo extengﬁ)rlgthe shaft through a steering assenbly, the

steering assembhymitiigidat franphersemsotitol OBtesstd ubthe gefiee Mieedetle bxllafitei nt and
t he | ower housj n%B\ﬁHp orting the shaft and bit; |lowering a bottom hole
assembl y SATERps4e '€ not or and st eering assenbl y into the borehole; 30

rotatjsng the ﬁﬁﬁgsm%'?ﬁie Bitd at Y SPGABWRRA e E%tdﬂjéctioﬂ othihhi!nﬁienﬁ bor ehol e; and

bendi ng the | ower using with respect to t housi at the joint
with the upp@ﬁndrmmﬁslzgwgmbandgtonmste@hlgtamamwmmsﬂrﬁa&dﬂom@aﬂg&%angl ng the

angl e of &1rect101?gftéﬁlﬁggq axzn? L 7IUN2004
altering the axis of a first portion of the steering assembly with the axis of the
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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bit with the downhole notor and the azinuth of the shaft and bit vvith t he
downhol e notor to sinultaneously change the angle and azi mJth g@b?ﬁ
in one actuation and thus the direction of drilling. In another’a t 04
the present invention provides a nethod of controlling the 5 d| rection of
a bit while drilling a borehole forming a wall, conprising: |owering a
bot t om hol e assgng atiak[s & HIOWRRPLE: oo B y into

t he borehol €; %gt atnlﬁng the bit on thelggownho ec rr%t oérals-:ﬁ’tplep%rC ﬁgf@g bor ehol e;
bendi ng tﬁ@emmasmbﬂmat@jammwecabnhet]mamﬂle\nippdzrandﬂoWdrlserglobywhﬂang| ng the
angl e e bit WI wnhol tor while drilli and by changi ng
the azi rru?r(ghl 13¥ ¥ﬁ}éan§mg e?ﬂge %Mﬁ%%%??ﬁhoml Hra NS ¥t 0 change

t he angl eseafiéh ﬁﬁilﬂﬂkﬁlﬂn@hdbﬁc%ﬁm@@% azZiih of bR Slis' T eld 18R ePdecldd with i and

provi di ng an act uat or e@ga gin menber associated with the bit to adjust
the ahgl &rgheecton while dgHing fec gmmanglp@n@g@@nm@fthm@tmthesﬂmt uat or does
not engagf d-fsn ﬂ&lﬁgéehol e wall. In yet another aspect, the present

i nvention provi des ‘an assenbly for steering a bit in a borehol e,

conpri si ng ahhamshengsﬂeaw tlfd:g:ré’seﬁﬂ 1hﬁéntlﬁﬂbfdvﬁi’¢smh]b])a?attﬁd ﬁ)ﬁ&teéﬁﬂg& wnghig second
portion w g second axis, said first and second portions being connected
by a uni v&iiag a perehele fign the pyrfage. thobjt hejng mennted pig skasie campuging: connect ed t o

Lhe DI L _an a6kiugh el B0 IOMOE 6T A 2L e SRANILBOILLO AN 00801 1O

said first portion to nove cond portio osal first
portiéh aby&'wii:dedjmmecnthmt joint and alter said first axis with respect to
said second aX| (g sajd act %?tor novi g% g%al nst said first ‘gorti on
causi ng rot at FEB Segpndhgugimg; rolatablysipperipg fit @ opergy el pemectediothe f r om a
first anglie and azinmuth of said first axis with respect to said second
axis formng a first direction of drilling to a second angle and azinmuth
of said firstamgétuator mievaldy pesintadovidan daid dostrivusing end engrging saidsscomt]
directio resent inventiaon provides

an' assentigig ot P st PR RS i sRoet e e gt HoRaPEMRE PP « he

surfage, ddnfiedtioh ah€blg RE3E06RPaxwith S3pédt td @Y IR adis aNadid joirfed ®nn&@iBRY | Si ng:
2c 17 JUN 20%a body having a nose connected to said bod]y by a uni ver sal

connect i ¥4 sai d body and nose each having an axis and rotatably

supporting t h?an? Q&Lﬁtor ﬁzﬁi’u% epﬁiss?pgsl?t%naz}l{e\ﬁgé 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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connected to the shaft and bit, said body axis and nose axis being
collinear wwth the shaft axis; 5 an actuator novably nounted on said body

and engagi ng said nose to nove the nose with respect to the bﬂﬁ? ‘gyﬁQ@
uni versal connection and alter the nose axis with respect to the y [é

at said universal connection while altering the shaft axis; said actuator

havi ng a $it wsth tROG iR ﬁbtb?éﬁd‘ﬁefaﬁﬁﬂﬂﬂéﬁtgéé#a?% agidtﬂ?t &ﬁ?ﬁﬁ%w&lﬁoﬁ% or POy

axis formng a first direction of dri e bit and a second position
al t eri ng tolsenultanepusde chuigs the angle asirzotuthef da Wt hodye axsation endrihug tlee second
direction iof}‘ct.dri gl Il?-ﬂ and coiled tubing extending fromsaid body to the
surface. (ilﬁ )}8’?0 ﬂ% } g“r aspect, the present invention provides a -nethod of

controlling thg andtHeE@:ff;ie@tDtHéfpr@s_eHﬂ_ ihvtioh®révidds!d Mehad BRERRONRg thbe bit

bei ng nounted on a_ shaft, conprising: extending the shaft through a

st eer ing @E@E%P@?bﬂﬁéﬂlﬁt@@mgﬁ@b@%& rningy Wal, eonBisingusi ng connected to a
beari ng pack -uni l, }.0l bear | ack rotatabl supporting

t he shaft andq‘éi“{énﬂg g\\/‘ig{;t?rﬁéj Ol(f %?g%\%%gﬁgthn%@)‘?ﬂg)}%n? E’éa%é %%tre?rr%g aasggﬁﬁlm y into
t he bor ehiatcethebosholspr k string with the bit being operatively connected to
the housing of the steerin assenbly by the bearing pack and universal

joint: 20 rot dfaigedhebiber hsdopmboledipiRblogirtbhe borghblee mai nt ai ni ng t he
housi ng of th i : L: ing the
riTling of R Eahe ot AE e ttfal it S A ARSI | 1D

st eeridng cfsbebibwithtthe tdmentadamiony idekiriibng haligechahging gl @imadl ofzhobit h at

t he uni ver j pi N n the eerj.ng assenbly while in.th horehole to
change th ﬁﬁhl'éé@’t“i ﬂ%d?lmﬂﬂ‘v %1? ﬁ’@{.hn%éo Fangs t ?‘Pé‘r??{m‘ftﬁéfg’teé%tr%ﬁ‘g
assenbl y @fis the@iReEsestdriimyentkigon i ncludes a | ower housing nounted on an
upper housing by a universal joint allowing the | ower housing to bend as

much as four dugrvidng dnaciiaiorgngagitg amenibeeasvdeteid mothabs birbd sdjadtslee i ncl udes
a control chani_sm.th ontrols both. the angle an irection of the | ower
housi ng V\nangﬁe Al}@saﬁg]&?thtogﬁeﬁb@ﬁﬂﬂjp%(ﬁe ﬂ%ﬁ%‘?f’ygwb\%? al?ﬁﬁ%’ 9F P9tieRgacdhe.  Power
to the 3dhoaeastswh). can be provided directly fromthe surface and the
control nechani smcan be controlled renotely fromthe surface. The

st eeri ng assentB|ygt angbhcs appagt.ithe pregrat inveptien provideoan isstrablyferstedringwehi ch

i ncl udes rid i ..having a power section above the 2d steering
assenbl y tgtnlgl ajagdtg{%ar‘ls"?‘g;}n glcs:lg bel ow the steering assenbly with a drive shaft

ext endi ng t hr auigusingchasinger fimgpatsewithy: fiet e dihRcadwitisesithan and t he
beari ng ack. A dri bit is connected to the end of the drive shaft. The

uni ver Sal SpRidisagd 510 sERo0d PATHORS B RECAMETIFIA Vel jint gajd wgsta
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:
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5 knuckl e ball connected to the | ower housing and nounted within a cage on
the upper housing, the ball being a part of a sleeve that co C to the
housi ng of the bearing pack below and has bearings that are @tai@é\b

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 1 fhddMat e QbAMERA0 g%ﬁ@g% g%ﬁgf%rszh&nﬁ&?foﬁmoéaia@%ﬁ}gm Sm

includes an angle 'camthat can be att I's part of the kl e
bal | on t4ng nese vachdmlvingeinraxis aiideotataplyesupaortingoheding, sand soselopenafipay housi ng

ite the bear] k.and dri Ll bit. Wen the. uni | joint |
7ot at ed- sHRAES Fhe B g Sty P and PO s HsiiE soliieht i el

of fset, tdhgs;angle camnoves in the opposite direction to the 5 same angle
magni t ude and to an offset. The angle camis adjusted by three wedge
menber’ss  equal 3acii@raao bl mourted aa stiddody redierzegimgsaidatpse teempyrsthde
di anet er I -Jhe. e nmenbers have.a tapered.surface
t hat nakelggsgﬁﬁlaggﬁﬁ\?\f ttoﬁﬂéﬁédz}%}tlﬁaslgdﬁ é&ﬁsgggoenngﬁtu{%aé]d a ﬁrg h8 nes %wftﬁat when

al | of thespetpehabobesds stoaidaaiivirhg cangktol ahlle hlt&ingabé o uxis secured by
t he axial l|ocatipns of each of the three wedge nenbers. The angl e of

contact 10 bet $Absrtater havinge Hashprsitiontering ghexnnge axis athasspepidogeidat er or

| ess tha I alal -al . =K r.is:. prefe and is
goner al 1y oy Aotk 3G iRChOP U R R e Bl AR BRLFATL BY 20C

body ‘nd mrse aglis syitsrespaoetosaiibddyexisgpaningaustoid directidhef drllisg;d@dand one or

nore sl eeves on th i.nsi de. _.Eagh Wegﬂga menmber is attached to a drive train.

ne type of d_r‘fc\;lé tt?bé’?gle’ftﬁ‘ai% §Mgi ofly tg theyrfacey dr aul i c pistons that
nmove axially 'B%}e@%&H&ra%gclﬁh&ﬂﬁjebéi‘ﬁg{v%nﬂ;i&{ @g?g@g&ﬁﬁf&& d?*calétg(glilr%% d he

wedge bod% The "hydraul i ¢ pi'stons and cyl I n or each we er are a

part of dirdeticm afit bit whlpldrilling a bireldie,ithe it hyidg aduntedfanracshafy ddnippising: t hat

i ncreases the force l to ,the wedge rs fromthat .appl.ied to the

upper end of t%ie"@mg\a}ggtﬂ?ajfw.m“gﬁé Sﬁ‘ifa’r"g%fgsieg‘%?g fieqrme aﬁ%eé’g’lﬁﬁg‘“ﬂgarmre

hydr &gl i chaarmklcBhndiedtt0RDeaith fé(ﬁk'd‘tﬁdﬁ!irﬁﬁrlﬁ@?]oiﬁt@ﬁﬁ:lﬁﬁﬁﬁ%’ﬁé&'rﬁta%ﬁa 20 less
ndérs attac

than the larger pistons and cyli ed to the wedge nenber. The
smal | er phppokngithe deftaphbth to a threaded screw that is threaded to a nut

di sposed i nsi ’ u -1 he axi.al si;tign,of the
t hr eaded rod ﬁgrg{]ﬁ%g’ﬁggﬁ?cﬁgW&%g%ﬁg%%é}%}% ff% eﬁl)%co Iy ﬁg%;aw olePR et on can be
changed byorkatraig with theobisledigyopetiteredpametted tntle Gbudikeofthe sReet: screw is

connected to an exr?anda,bl e/ contractible menber with a sliding splined
connect i ATSEMPIY byshebeaEng pack ard ymeergal jiRldabl e/ contracti bl e nember is

LSO Lo, oehagAN o SRR D6 b TSR onnect o
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



Wi thin the upper housing so that they are prevented from novene

t he upper housi ng- The wedge body is also fixed within 30 the upper
housing so that there is no novenent therebetween. The position of the
angle camis thus controlled by turning on and off each electric not or so

al l owi ng axi al novenent. The three electric notors are fixed in ﬁo?hbtﬁﬂ
20044

t hat the r|ve shaf ro es. t he readed screw whi,c urn ves the
smal | er Mﬁéwn&p"“fﬂﬁé‘g H‘? FeTyiEASERnOIY 1 I?‘ﬁ’eghP rger
&bsé‘i?iats% B i S Tt R W%b?’ﬁn?@‘{"ﬂ*e%%‘ﬁé rember
r | i nder so-tha e wedge nenber
nmoves aml?ﬂckyAérlﬂH?efrlStC@nmctﬁdt@theaﬁndwfﬂh ivetsbaktadi used surface of the
angl e cam Thenentire cont.rol mechanis enca sulat bet ween t he
ipper housi ng Dt PhEE0RRCindh i Ak Gecyod ‘PR ARl i pa e

di spoged knucklesRdll @Mnsyted eniraleakl Gooding and edjunitd aigih s tagdi drf ﬂlkaipbbﬁl
pressures as, h| h as 2000 psi fromthe |nS|de to the outside dianeter. A

f I exi bl e swp ebpll beinger Parteq Ty decye dhat canncstpep thy hopsing) ofithe brariaamaek t o t he
end of t I r

ousi ng (o7 ‘%??# R R Cork R e P o gL BA T sl bR

floati ng Tenpeivsatl fgnippsvents irslatives poiatcn deoweent the m&ﬂoﬁquIWec segtionr andand

i ncludes .a spring piston which produces a small increase in pressure 10

i nsi de t HR¥2EPE PR %%nber so that possible drilling nud intrusion is reduced.
That qportion of the cylinders between the small and |large pistons is an

i ndependent cl osed systemin comrunication with a pressure relief system
The bottom hol e assenbly is preferably connected to conposite coiled tubing
extending to the surface where electrical conductors and data transm ssion
conductors in the 15 wall of the conposite coiled tubing are connected to
a power supply and surface processing equi pnent respectively. The

el ectrical conductors provide power to the steering assenbly and the data
transm ssi on conductors provide conmuni cati on between the surface and the
steering assenbly. Data fromthe steering assenbly is transmtted to the
surface where it is processed by the surface processi ng equi pnent and
commands nmay then be transmitted to the 20 steering assenbly fromthe
surface to, for exanple, adjust the bend angle and direction of drilling.
The steering assenbly may al so transmt back to the surface verification of
the change in bend angle and direction. Other objects and advant ages of
the invention will appear fromthe followi ng description. 25 BRI EF
DESCRI PTI ON OF THE DRAW NGS
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For a detéiled. description of a preferred enbodi nent of the in t
reference will now be nmade to the acconpanyi ng draw ngs Merg?‘wg{]zgﬂf*A '

is a schen¥O¥/46F48w of an exanple well; Figure IB is an enl ZCFEHOVPIW of a
portion of the schematic of Figure 1A showi ng the 30 surface apparatus for
the well; Fi gurﬁlec an .enl ar vi ew of. the bottom hol senbl

in Figure 1A incl qu{rﬁlng ﬂbﬁnéstnég‘rcgﬁe%a%@g@ﬁﬁw B?t SR cﬁ’}té‘g?iﬁtsm Oﬁ\ﬁaﬁﬂ‘ ﬂvm

Figure 2 iksueklé OBl @nchy ugiverbl stirRei SR pRGEAL ¥ t@ftheF{l fodsifif®
the cross-_ sections of Fi gures}dg%-E Flr%ures ?%j ’ urgsmlg \5%&953

WO 01/ 46540 praringpecy aboi! bir. Yﬂwnztb@mwc@aluemtmom;ed @; thig tharhdaﬁl@pakaand
Cross- SeCtd!rlﬂnlﬁ‘: dV%VYOOf gf %%C? ?ff%ﬁ:q %16%81'% l‘léle;!Pcré\f%gI 11 }El?eggg@:;sﬁg rdzr eat]éno ton%het °

the electric m) or taken Sec

Cross- sectsamaahgwrﬂagmdé bed vweagerfem e SngRtan gl zﬁlyfs@é@ S)ahr@éb ﬁfEdg%eﬁinn‘B@rs
4~ 4 of Fi gure 3A; gure 5 is a perspective view of the angle cam shown

in Fi gur etgpally “Fﬂﬂﬁ‘éﬁ ép%%\aﬁoémﬁ ﬂﬁ%f@“@ﬂ@ﬂ?mnp@)ﬁf vheesise diameldyef fhenipper @hmmgl n

Fi 3AT f t t ak
eati on 605 redk? pREhSels it 35 iR has S R Rom el E P R g B oot
Fi gure 6Aandle déngms ghal Wierall IfafBiwelod B¥nbaadohfikt Yhel fhlé @8BS %%dsﬁfbn Ef

a nechani cal draulic drive train shown in Fi gures 3A-E for .a wed ge
menber ené%Fg‘F‘?% by the arig) tocations ¢fi easheighe shrge srddamunerobars.eWhepmgte ef tyntact

Crossigect C drive train for, a dge nenber
engagi‘l?ig EJ Rfég% 5 eewgg% [’rﬁi‘rg%?:ée fl]rlg agl%gkc a%ll C " rbe \ﬁr%atcr nllg:fs Q‘la]‘fvﬁ %nor{eper
cr oss- sectitboughod namdddkéng aalpéersnptrtefat&dhamirﬁugdn@rall}r515°d<5ﬂ M@rd. I The thiek vedge

wedge nenber eng t he angl e cam gure 10 is a cross-sectional vi “ew -
of the of ™ rso%!gr‘f %ﬁa%d Wftﬂtrhwegg@éow atbs dsposed betipan s vrPea hprsing en

taken at %Cédts%b%Qré&&fmgﬂe%kr&%se‘ﬁlth@l Jjes 11A-C are a cross-sectional

view of the steerable assenbly show ng" another portion of the pressure
conpensat i ng sﬁ@tfemcég& metibagisfatachddte adrbetirdic. Ookaypd of dihe tkap imdededfone20

t he s erln t.aken at section 11-11 of Figure 2; Figure 12 is a
cros s 5 ec? i EW‘\’/‘/}EO?‘S@H%I%W?’ ¢ &?‘WUE Insider hyds @H%Cr%ﬂhlng%rﬁ ?er‘)&?a@'e@ﬁtpé n

©12-12 of Ei@M r\@d%)body The hydraulic pistons and cylinders for each wedge member are a part of
a hydraulic amplifier which is a hydraulic force multiplier that increases the force applied to
ther'w'cdgc"mcmbers from that applied to the upper end of the drive train. The hydraulic
amplifier uses one or more hydraulic smaller pistons and cylinders that have an overall area
20  less than the larger pistons and cylinders attached to the wedge member. The smaller piston
is attached to a threaded screw that is threaded to a nut clispbsed inside the wedge body such
“that the axial position of the threaded rod relative to the wedge body and thus the smaller
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 whlle 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



Fi gur es 1R Y4412 a cross-sectional view of the steerable TEIEHOPIBRoW ng'
a portion of the pressure conpensating systemfromthe angl e? -

e
mddle s tal GLI = 13: | 2. Figure,; ?Qﬂgj?
Cross-sec ?gglcros{%k‘tﬁﬂeﬁ% rwze?§ %I rng&?%%?re)%&ss 3]? g{agl&] %ﬂg@ Ecﬁvear?ﬁ/alf &W f:roﬁ“h%\ei rfiﬁj‘élggfr
shown i n sFifger &<h8Bage clingure 15 is a functional bl ock di agram of the

el ectronic controls. of tgf steering assenbly, 30 Figure 16 is an exenplary
fl owchart of Bﬁ@c@g& AYEF MESPANISAGS ERAPEHald an 6B ibetvesh the wppra hdusihg butien
the surfageid AeLas0klcad Jihe 8l I ORy 8 ontrols of the

st eering sglst em Figure 17 |&15e lgg@%bgisql{leg8§t1?§ﬁéﬂ%5%gnw%osfial§ﬁ SYFPE faaplpeof
appar at usedlorg agtinstdiffgreatial prontreohs ihigh khe0DOVWRE fhhOandiss ng thy duasdd C
pi st ons; 5? ‘WO 01 3‘%5. ECETI US(%;)’,’.%QZQ Figure 18 is across-sectional view of
the act uSHATETapp kA PElavEHOTRItSE Fyiplgrced | efpstgings) qyunetahi® attre hedrte thoendsok
si de Vi et 81RLAGKS el IBLRALLY . 0, Lin nd contr.ol ling
the | ower ho_nlfsi ng Usi n% mechani ll(I:algf F}g\%zéregégl?t% ‘Epgg?‘e g’sf%ém & Oltbmber for
cr 0ss- sebpisin@ltheypdvin ghe sipteract ABbi m@omﬁ@b@hp&seﬁngggw@iﬂ&ﬁ@l@@ nbale the

pl ane si 8”1 | ar to, secti,an. of, Figure 17; Figure 21 is a cross-sectional

18-18
vi ew of SEFC JOfqip taﬁgrmalr@%% ASPFDE Rigipardiich profucss pusnalhgncrense in pressure
t ol | i N : i S - i L Vi
cont (@ | ineid e ohlmﬁqbepg@thagsofsmyBﬁﬁm%%%& iftnSISR AR Ot ¥ordith B Jt%nnt

. : g
alternative angl e cam and wedge nenbers spose e uni

t aken at cylowderorbepweenofihei guale @d Firgurpist®8siis ancindspersient ichisell Vs Ofn
the cam gl eeve.%.srgosgj? on the nPI e camof Figure 22; Figure 24 is a

cr oss- sectTORRICAPRY T2 RRE LIRS 2800t aken at pl ane 24-24 of Figure 23:
Figure 25 i s gncebfunhile Viseynbly 1NSrieReR MBARSE | fil YR 2Ribink?
Figure 26 is _an end view of the F\X/e_dg?rrrerrbgr shomed?ﬂ&g&gﬁﬁgﬁég%&lg%d%bmjg
Fi gure 29xEndiag e theomriscewhste eleetrigeldepmdnetntreadsdepavransmisiofricgnduetd@® in the

e A 0 PGP0 S 1L
the dril bquipmeit eespatioblgl €The eRcRal chithilctifh REaaPOEId IR Edddd! %cmg@ |
trajectory of the bit while drilling. The présent invention is ssceptiBle
t o enbodiMbHiesdgip transmission conductors provide communication between the surface and the
' steering assembly. Data from the steering assembly is transmitted to'the surface where it is
processed by the surface processing equipment and commanﬁs may then be transmitted to the
20 - steering assembly from the surface to, for example, adjust the bend angle and direction of
driiling'. The steering assembly may also transmit 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



different fornms. There are shown in the drawi ngs, and herein will be

descri bed 8 ogﬁés%l , specific enbodi nents of the present |g¥_§®%gﬂzﬂg ith

t he understanding that the present disclosure is to be con

exenplification of the principles of the invention, and is ncﬁtz Joe 200 to

limt the invergass 8a, Bhat U, ldhi ¥ itdod0d 8655 ViIess Belleib] d§ss&'ﬂbly from
er

particul ar, various enbodi nents of the present invention provide a nu
of diff ertmenivapa fointicitemeleeirie masertisken aotectipeRat dfdfigak 2 he st eer abl e

system each ofg i he... 1 il borehol e for a well including
a new bor ehol e,E%ﬁr}E%Q% ggg?é%Qerecélggﬁq%%v?8ﬂ%’F&ed§%ﬂcgﬁ’8fsﬂd§Hgl§>ﬁagﬁﬂfﬁj‘ at section
bor ehol e, 4a4 of BigtiresBiced bor ehol e, a devi ated borehol e, enlarging a

exi sting borehgle, ream ng an existing borehole, and other types of

bor ehoPes for dHEYESrgya AFIEPSO ve siep Atthnengle prmoshootn iorFigandA; The enbodi nent s
of the present 4 i rovi de L urali f methods for using the
THEMERRRE ) S AERVIOET wRes BembehBonl™ Hes 34

st eering assenbl resent inve 'ecogni zed

that the diffefegire 6Bachicngs-sedtichhlevien Pt et it Ifed 2P edc0vh BBYin8gure
ehpl oyed separately. or in any suitable conbination to produce desired

results. Réference to 6' WD 01/46549 PCT/US00/33929 J. 7 JUN 2004 "up" or

"down" are nadegg; [ escripti W Jtup" meani ng away
from the bit grll%'%ggg\fﬁggﬁg%%cf%m%?jgdg%%%ﬁb {O%]éggffﬁgng initially to
Fi gur @0l A, t heifgurs 7ihowtheatatie xéwpartiallo Re ek Bt tiOR Vo OmbERhical WfdrddRe drive

present invention. il ed tubing operation system 510 includes a power
suppl y 51Fanshoyndy Freuees M-5decd edgeimemberprigagng theqnglasany spool 516, An
injector head e 218 4 ol T CQi 3 ' 520 fr Q
516 i nto the el 637" AT Raaan e AT B aber i el s RRRC
conposi t e dowé traid foubivadgeraemberahgatingldganiclradm;i t shoul d be appreciated

that the present ipvention i.s not limted to conposite coiled tubing and
may be steel c%?gué%lat‘%’fﬁﬁﬁma\%ctvﬁ“‘éﬁ %VI‘FE%HSS‘ﬁ’iﬁﬁ‘Hf‘e‘Ef PQthen alierpaipye ngquéﬂ

t ubi ngs Adﬁoé&gmfgpgae@@sfggmb%egga'ﬁgg}gchwgiejcgrr@ttached to the | ower end of -
conposite coiled tubing 520 and eéxtending into a deviated or horizontal

~bor ehol e 524. - FigushdUlitla brosapptiovaiatied of hiat of thi Sowermnds wé i lagzedestons dfetie
for expl [ rposes and f.ha e.present inventionis not limted to
the parti gg&%@‘%ﬁé@qzﬁeﬂiag%e!chgléy,)'ﬁBtofE{ﬁ“ﬁ‘bﬁg?ppr eciated that the present
invention may PRudSeH A aéal EREEsMBbhal @D thi %Eﬁbl%qa%sérﬁﬂilgsszmgﬁlﬁr%;a %:lred

tubing unit 526 utilizing spool 516 for feeding conposite
over gui deomeB ol ERE FAMPANREND 8YsEIB exinudisg fioppibe eE8Ric ridter wahp Gxpicnd of

coi |l egy tyhi . .S, forced throu I ut preventer 534 and into well
522 bg(_)i njﬂgé‘; or %gﬁ.cmff‘bv\%gen astﬁf)%lloﬁqg‘lg %ﬁ%ﬁl% rically connected by

el ectrical conBigute12 E3BerobdbectionRVassd bf AR me@PEHI Sharcentri®ze@dKden Af section
conposite_coiled tubi ng 520. Further, the surface processor 514 i ncl udes
dat a 12-12 of Figure 3D; '

[ : .
Lo 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



WO 01/46549 -
transm ssion conduits 542, 544 connected to data transm ssi SHIAGAMAES al so
housed in the 20 wall of conposite coiled tubing 520. It shoktg b
appreci at ed t h&igupohRis £ ondsisdciondBievb40 theadthafal @pﬂarra'%g? fﬁﬁ(ﬁﬁ apgcﬁgﬁ'qﬂz@%
542, 544 housed Wi thin the conposite tubing wall exten along the entir
| engt h of 1c,g(B‘FFp Site coiled tubing 520 and are connected to the supervisory
nodul e 580, heggi r .1 b i respect to Fi e 15, disposed in
bott om hol e aIs:fs?gél %Iﬁg&/%fo.ggérﬁleeuﬁ%ér{%@(}rﬁéﬁ?ﬁgn%?h?f%@f‘g%bﬁﬁ%t’t@ Fhd copiralbing
conpri se @n leworionsioglusingovecRimicaddvetance conductive material such as
strancged coppeflz. Wi rg .See U. S. Patent application Serial No. 09/081, 961
filed May 20, T6Y% dhé BAIGSEPeHopRl Ylpwﬁt&/g@t@mﬂ&@p@wg ofcBigper B edlen at a

her ei n byplaef SABIRER seBSorSTIRYE of iguwre 1C, the steerable system of the
pr esent i%venti on ingl ucTZs a Ofb%ﬁgF%%%hol e assenbly 10 having a bit 12

nmounted on a dFigue 3hafa crbds-seatiea nvidvg oﬁa%ﬁnﬁhﬁh&%!tenégv@agézﬁﬁﬁé Y RERGAR! Y
20 i ncl Udai(gﬁ% an @I ect roni C{Sl section 18 and preferably a ne It
orientati QBALSPE SKEONEL RN N&h i ncl i nonet er and magnet ometer, an upper

const ant vel oCgibres 0© 616 ection.22 wth wire sups, a check
val ve 618, a rqgtéi st |(~\€/;|\{% ;?sdsllﬁ 86%%?]1%] g%\(g&é%g%ﬁg%??ﬁ“@ @&%Sﬂﬂé’@g vessige mgqabers
bot t dfh halispcagbentbeyniGrsabjpiraltaeniangdctide 22 gang@e 2sub 624 incl uding -an
orientation pa%kgl/g%54. Further, the downhol e assenbly 10 may include 7 WO
01/ 46549 PCT/ S8 Do FTOSERFOPERA viaYi ofi b srms eaevsr ¢sBBed andhd englecdaen of
control d®yheeg; 558 hereinafter described. The bottom -hole assenbly 10
al so preferabI% i ncl udes a propul sion system 670 including a | ower tractor
back pressure BawERdlis poret-eco8603l view ofbe chiendde0a fdkemar Sasd 2286 BPFREG2 23

= | >

pressure nea t_sub 664, an upper tractor back pressure contro

nodul e 666, aﬁﬁf%‘gffr:? IS?%«SWSF’BH}% ﬁ’éé’%ﬁdgﬁ”%%ww@n@@gﬁ\lﬁsory sub, 672,

and a571 apper kire d6apaidit vifher BRI QB fod SREIR IV, goqnect ed to a
e .

work string 25 extendi ng to the surfdce 110 we he steering -
assenbl y 20 maEyeYe 2dsewbofar viemofithpwedge member sioninig of Bigoke 25 coi | ed

t ubi ng, mpﬁ@o } I pi pe and al so may be used
wth awre line. %#2%%?@9%% bottom hol e assenbly 20 using
ei ther conposilthe pésehtibivegtiod redheelo Hsbidag anht eciated ftha

ot her toqls rray@{)e i ncl uded i_lrﬂl‘the bot tom aﬁglagﬁgkggues%f)goﬁgﬁlﬁéh? %‘?ﬂdsan&
maki ng ualrFfFﬂémb thenbihdn ehergslling of aGomHole iramywele peridding ohangihfehelbhillhigng

systsm begi . b hol e.being drilled. It should be appreciated
Chat 0t ne ey BF R b e RRERE P atinvsn o i tiseetiie boembimons of

Tt S s R

| ocat ed %&éc Pﬁgg‘gws §€c‘¥‘|‘3 OBFFESERL IRMETttionr wilbt diel sndersthiding nélb U dlesent

iCﬁfTBf)ng T‘Sﬁci@guﬁc he s é&m&épédeana&%%tfilf%at}gn 5 t(li'xctprzli%lc{plc%poei‘“rtl?é Iin%gntrirc?nx agg isjc r?(l)Jtnd
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 rnethods_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



provi sional application Serial No. 60/063, 326, filed October 27, 1997

entitled "Drilling System and U. S patent application Serial No.

09/ 081, 96 VP 084 vay 20, 1998 entitled "Drilling Systent, BEFHSHSAESY

i ncorporated herein by ref erence 20 The steering asserrbly 2 |n I %Qﬁ@
nose 28 by a unlver

h 6 I
Lornt 30, aha s NeBALIFE Rl oBr B Riaiges ihec i Wihcir Chrsais axgpdrom

housi ng 26he Hibend mwn"hmmggoa,&d@e%gnnect ed to bearing pack 16 which is
connected to and supports the |ower end of drive-shaft 14 and bit 12. The

el ectroni cs sedisfgrDganitipdy (nEigurdil A, rereitshovorinserspiarp Speamting pretamadlty
housed in | h pover 25 secti 2 above the pressure
housi ng 2';8&%@%%9?@@? f/l%g ;%)3(79 lea_t@é 2 PR REMm mlﬁfz udgs 3 gawer WP dd- fo

as a nhid Buifes, probisedr PONRRE at&zﬁledrtutﬁﬂo%b@élt51614mi\’f?ﬁje&o€ﬁéﬁﬂﬁlﬁrBbg e F}d
flowbore 120, shown in Flgqgre 3A, ext endi ng throughthe steering assenb

20 and t h&lrepie &P1lee tubaaS ffoﬁh@ebﬁﬂ@lo?ﬁlﬁhmtcetfas%@hﬁﬂ@ A0thoagh a‘lmﬂledcdlhndg

propuIS|o , a rillin act asse 10
Were run Oéyi%ﬁgger%ﬁg)SSn%gQu‘et%‘%& at’?'urt?i”lfi“ teg%gcnﬁ\e‘i)t‘?ﬁl?ﬁlgig‘? ePmgfate i
required iife preseat inventigdistiobiifgtet So U@ PosiENDi L@ HIHE Ml Bapse ‘:s‘fg@f %oifk8 thiing
preferabl run on non-rotating work string 25. Bearing pack 16 supports

the | ower Woﬂlb‘ﬂmhﬁlr?@lemgwaﬁ@ o Ahgrpteel qopled étdngf Adbotioan Shiefassenibly H8iimghown

auppory ¢ Reedel idhe, B AR A BB AAHE B e AP i B pa T et o
shaft 14. h¥tizontalppeehada d240f Irckhioul Bhabprediatdaaimgs tof en®odanddiriy Hes@ibed for

beari ng pac% e at the |OV\$I’ end of power section 22. The bearing pack 16
i s convenfXRAMACTY AVEPRES Pk Hihnthg Hreﬁﬁé igyqntion ds gpiolimiedéo Hisppasd¢uarazbretinie

various tyReps&f, ittRed DOrRAGkSH gagﬁ%ﬁeﬁm%@ Bﬁw %g En!tﬂ o\%gﬁu%gb@@/nszo

5Referr|ng nowto Figufes 2 I gure
cr oss- sect i onsFigupg nguSIquoﬂgd assrgbhiy 520 uwtizmg sposl Hisoon fdedinsl @iRSite

3A-E f‘s Rﬁ’ wn in, edntgA gp r and | ower housings 26, 78 are
connett ed™ V8 2V Q¥R By *B\ r igﬁFf@ﬁ o1 § agd siEipRet 2t %? RMpesitE soHed
The uni vensal NOLTIN 99 |

housi ng 28 tog {)?lgﬁ(gﬁéheﬁﬁ%hl?gg%@%?%to ug%ea?laﬁ%tg weqﬁjf% q{]etchoug 5)8\6’5?

and | ower Sumllhéh%i&@sctﬂﬁallﬁﬁarmgctndtbyr@cbcammwnndimrseﬁ;ﬁeduo to ekaglvabédigliits in
Lower hOUﬁll se on .t he downstream end of steerin

a assembly 2\8511???@8{9%5%@?%0&%1 [gglﬁ"? g:?@ W%eg’eéuﬁ%ﬂ%ﬁsoﬁéﬂl includgscgptys
a knuckl erbalisén sehmie, 547W5M‘ c@mﬂ&‘t’&ﬂv‘@r Y vaXSBRALE Tohdl! Ao HEIRE in We
sl eeve 34. The knuckle ball 32 is isposed
wall of composite coiled tubing 520. It should be appreciated that power conduits 538, 540
and data transmission conduits 542, 544 housed within the composite tublng wall extend
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 include a sensor sub

624 including -an odentation package 554. Further, the downhole assembly 10 may include
7 .



W thin a kuueldsesy oi nt housi ng nounted on the upper term na},cplﬂ 92 38 of
| ower 15 - housing- 28. The knuckle joint hous' g 36 has an r concave
surface 40 in pivotal engagert with a convex surface 42 on t 4
end of . bosdd¥@omsf s¢romesr S IPoansl davntdle eordrol sedlkesdsls SEaks aRet H&%ﬂbé&”’i‘l@&ﬁ&to

42 and ckle joint housing 36 includes an i nner
convex- n%orlgg%sgm\ﬁé? i@éﬁ?&%ﬁfﬁbﬁ%?b dgh 2 rEpRHEensHsteny G710 mnbldmgt zlovephericzal
surface 48caf pldassk! eomad!! lin 20 sea

surf aces 46(3: A8, The ﬁnuckpg.%ﬂuﬁ\n@g Z&ee@gégm:ﬁéoglgﬂwgﬁséﬁn 51 hégﬁoﬂreéﬁ’de%

of | ower MeRRsaTEETRESUbUERT.a8n bypichr eats Back Arepacetolfoll sndALRVisdgd ah Ny nﬁ&?

"bot t om of box _en provi de proper_ pivotal engagenent betwee
surfa?es tﬁ%?gl}{ﬁorgmfs%%n S'iéé&rﬁéuR%@RWegu jQ?kn%n%%)ﬂ@,i)mb@gdnomﬂ'?ﬂdes a

plural ity of imdl vodusl nk Gty EPRICHANSING,, BERK! 09,58 ik, 15,320

di sposed in_ a SE herical notch 62°in the surtace
al | ows t Harfagsl mﬁdk& @elal22. 3Phe stebrigd yssembat 20 Whdyhbd) u§RNVaK aﬁyr@ﬁ& 8f &Rref

knuckl e bs%JuJ(xﬁ ys %H&E Lh?on t he pI ication of thrust and | oad
uni ver sal r%’tl Heyng ﬁtﬂ%g soisdyubing A Phéﬂﬂma@msmmawfmpemcd
housi ng »21&; a Wi eRgeTRPe Nas sdratdMyEaLd lbé%&ﬁ%' %ng g%sur ! aﬁﬁeé‘ osne

engages the spherical surface 48. Ca-e I'ncludes s tepef

redud@d drbiRecesteelgubingc it Slhguldl"beeambramgeltgd 81t stheeiovROnbY bk Mikdea iR ald bottom
housi ng rovi ro -spaci ng for pivotal engagenent
bet ween g"&?‘? %@%ﬁg& "66°C ‘Rﬂ% #Eng 5P thesbdticen Pﬁkssasaea@blurl@dwm Yaiy dependiid en
bal | 0 the heilBiensstedPbangd usaD t Y 30. Sine
o B o he PR EIRR, AR e PRl et

knuckl e ball -32 is rotatably nmounted wt nuc oust
nose Q hopEseTdRigMHGN Renaidimigid/ota patticuier bawes helkchsefmblpRaE ofiek Sitkinafive6.

As | ower 01/ 46549 PCTI USOO 33929 17 JUN 2UU~ pivots
with respg%@lggn%g s %“’S'g%“’ﬁ \f!é))éexgmgé a‘ |S§CcPBEr?é§F"b@V\RQéﬁanb®é¢Paaﬁ frower

housilfigs the2fiowetBeétior 2br 1bbm@>sb5ve7t2e %wlep!!%hoﬁ'aﬂs' &h@?d%tﬁﬂ{& h%gﬁt%ﬁnduaj
coincident with t:}f axi s 74 of upper housing he an

appr oxi nEPEPYNET A thobosenvkan assarbly 2ltGaud Ildmr $>peraﬁbarrhejd beofoand tiheybgnd
Shout ¢ pErdinal AR S AR NI BUDEES a0 AL DERb T B! et lednb i it

about the axis 74 referre as t

bend angked B&t Siepatenthepplibaisi Sgdal2lo. 88/08N.98] Hﬁé& g ! R it
about th aX| stﬁ& the direction and angle of th h%?]ro ?ggg el%éﬂgi 5%1

t hus cha 5??@ herely insorperated; heraimby eeffershae. 12 and thus the path of the
o or et <RSI AT AL et LI LR STREEN G
- arnose 28 by a universal joint 30 and a pressure housing 27 connected to the upper end of
‘upper housing 26. The lower housing 28 is connected to bearin g pack 16 which is connected
" . to and supports the lower end of drive shaft 14 and bit 12. The electronics section 18 and
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



'10 Ref erring nowto Figures 3A, 4 and 5, a directional mechanism70 is
provided in steering assenbly 20 to alter both the direction of the bend
and t he awg@/4s64% he bend. The directional nechanism 70 i ri’(ﬂTﬂéFé‘gf3%?ﬁ9 angl e

cam 80 and a plurality of cam nenbers or directional wedge 90 to
control the direction an le of t illin t he hit
Com B0 artP SRR HR BTS00 Garper st Ve G f%earmstofjiffﬁ iR’ @E e,

the 15 a&a%m%aef{?%% tﬁ@wemﬁa o@@o%ﬁ‘sé&ﬁgﬂ@m wc%eaﬁé g?:%lé’lémé comemmf

cam80 is a cC havi ng a tubul ar y 82 wth a arged head

Enl ar ged wehdeB4nbas it Heeet. Upsteoutt e fpmeciged dmt samdmaﬁsasaﬁ@par&@)pawmdamﬁe
azi nut hal | spaced 120, apart @@ cam surfaces 86a, 86b, 86c do not extend
all the mﬁf?uaﬁﬂgfﬂéﬁ‘%ﬁgw BT s shown in Figure 5 and each have a .

radi used surf aR%f&ﬁﬁ@%@wn% gﬁgﬂersai la¥d 24 %Lg,ureoi 113r’l%t1%fé9|tﬁe %ﬁb@soc%%séé&%s' n
Figure 3A. The radi us of camsurfaces 86 i 5§ preferably twelve inches from

a poi nt othrobgh seering aﬂSﬁmblylm“@fo}he shnwolqheFlMBst 337E. ap’;srkmst seaved yn Figvand
one half_,inches bel ow pi vot. poi 0. The tu | ar 2 of e,cam 80
one hal Tahnches. Bel GBI NOL RO 200, Thectubular Do 02,80 Anghecam
form ng bggReA2 verdity {ftﬂntt Ubke aiveRayjofid 30NaNSsTRE bBsH Siié BRS dirddtichofl Bwer

prevent relative rotation therebetvveen An expandabl e ring 97 25 connects
angl e canhtwm/g 28 tenbr khengsd| WIthemetm@Pawgh@méoamlmmgh eppeeene nomsn

of t uckl e sea er 98.s et we angl.e cam 80 and
enuckds oRrfens 2618 38 nof SER IR FREE o S SBpS. BENT Fefihe RS
housi ng 28 0ekste bstsonibe ot g e 6Kstd&iraNdsen®ly 2@2 The angl e cam 80
projects a predeterm ned distance above t he pi vot oint 100 of universal

jh oi nt 30 such Thauniyseal jcammithigeladet @ spharicgohdad Qs}ﬁ'rcéu gseckiusifle padler sphere,
2 .
i roct Pon ity SRS G B8 BpARRES, SR R Afuadt MR RARGIGEL

menber s 9Q&hm9@bknucmadjoaﬁchdmwon \aml.gﬁecs oh ftae appli6 &rmifab boR6end 38, of lower

respectively, which, eng a%fe the three cam surfaces 86a, 86b, and/86c,
respekti veqnysmuo #8andhe koagrklggointhavsigdie hatianaewen sencayssurtaes 40t BvPl a

three 10- o8P TG TR s Bl iy 4B e o ERE R RNAlBR Ry A0
262, best seahddisedlnbdtivgen esfdoean0,6C ardahyebna westggeaienbers 90 and angl e cam

80. The loci of_ contact areas as he wedge, nenbers 90 nove over radiuse
surfaces 86 forHg KEUEK m)mtﬂ%lswarﬁénalrusa%arbﬁﬂéb?ﬂ%f suifacedto adagied f 8%11%'1"863

forma pl ﬁﬂeg‘%gcﬁﬁgﬁt whthitRe B&eg splllé?‘}’éﬁf $ 'moﬁgnﬁc%léqgﬁlﬂgb 1o SE;{]% xl?llaﬁ‘i@@r §9‘Ch

that as t ane 1s noved by ' the 5 we ers t he 'knuckl"e 'bal |
pi vot20 wi sdalsbdireesi nyfa8és ﬁﬁ]dliica'.@tc lﬁﬂlckln jolmanigeve Brbis cdnneetd wrtheboxlend BB m:@
I n operat

R N N A L WK M I N RS
i ”t er f ace3Pel PRARAMde proper pivotal engagement between surfaces 40, 42 and 46, 48. The knuckle
o ]omt 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
9



bal | housi¥g?884hd | ower housing 28. The angle and directi BATESOMIING i ng
can be changed by controlling and coordi nating the 10 axi al?rgx‘ﬁgN %@Uﬁzach
[ d

ot ennof PRI ARHPS BRTRE e bk S8%a BERT Ot et&'e%u“ﬁpéﬁ? il dowier havings
changi ng ehexadin @et theruxi9fh2 bﬁu@\l@éﬁh&ﬁjr{o §§:§/h@1 g%gﬁe*ﬁ?wxglo(hee&%?‘s”% f

as one wedge 90a is noved downwardly, another wetge e noved
upwar dl y ¥RPeEBousng Re ahglaegl@afmai aroamxrmomatem;upmmlbalbletwe%a dxBs 2 GhY &4 is

angul ar dj 7 ven bend angl e between axes 72,
74gu15 Thlt?g dttgeaf' ﬁ @Fyﬁ%g’ﬁhu ‘BEZ’ %‘# fan ocqur al dliffergphangywal grientatipns
wedge Sl”r'enilﬁiUSthe%leaM I@YérieHQO d Ef%fﬁlfe‘éﬂom)f nglhnlc" ;Iﬁf {aﬂsﬁ% ar@eQ§ ahgle%%wgénqm

angul ar direction and with an incline end’ e of U
di rect i on#usigisaRfedd a‘rfepmd@laabmgulamitmtlmpabm tﬁ@@xx@fmkﬂmaiﬂeeu@rahhd diale of

the. 20" G e8es HrERd s hin g G s %@ﬁﬁ”‘mlﬁﬁg%Eﬁi&%ﬁéﬁms&%‘é’%ﬂ{a@&%@?
22- 24, tfﬁbr@ﬂdlfermﬁé iR el j@ﬁﬁtlmﬁflsvémmmv%%&%nl&%%%e &Bpg!nﬁercsaeﬁ}

an angle cam sl eeve 472, and a plurality of cam nenbers or ona
wedge merednd begang padkolftrol the direction and angle of the drilling of the

bi t . The a S CO C pl.ines at 474 to the knuckle
bal | ]@2 of unlriggefgs%l%nﬁ%lzg @%um%?%d ﬁ??cﬁé s‘#iéet‘f“f’? nﬁrlﬁﬂﬁ’i“égnég%%@m‘éﬁ%ﬂ dn
cam 470 2<5ednmg|aﬁ£éﬂﬂ)lﬁ2snb%lltbﬁﬁbth rh@@a@cﬂo?ﬁopmteqaewa'aﬁh thiamlé%?ﬁﬁéjb&?d“ he

sl eeve 472. Cam sl eeve 472 includes a cam housing aving an arcua
cur ved s&'%@@%@ceﬁ’éﬂm@l 7@iinghgesanitl angleataab|8) aﬂCb@epluralhgy tolﬁe:aaphmmhesd or

head 476 h ncl udes ri race

poSi t i one‘giE opposi teg%@efsggﬂoa%j%g% retchgn FBa4"g? 6’%? Qﬂ ing ¢4hs E‘?d-f or
housi ng b’EHeIanvlebmni BO@ad 48R gt hearebdIe OBy HeadRis ey end iR m%t}\l?&ﬁ o fhe.
ret al er 490 hawg& an arcuate 30 surface 492 for capturin cI

wi t hil cd'ﬁ'}ss e e rPﬁ@%@g@h@ﬁ@SS@mtﬂhﬂ@ads 494. Bearing race 478

i ncludes an tr 8 ed, rotation
novenent of cartfrglln]Ia :a?ﬁé’(rac\slgani‘?gq%h%ggL%?@%%fﬂﬁﬁ"a%g %’g%]f b%#ﬂﬁ wé%‘rﬁ%%ar“ﬁ&b%d
cam sl ee\is. Margcmhéadc&tshashhme upp.wedlgllfyczﬁgemﬂg;uﬂlaéesl 86&886% )ﬁnﬁ%ﬁra'zﬁﬂltﬁﬂ'i@/
surfaces 496 surfaces 496a , and ¢ do not extend all

way ar our?Ba"&aglkg é‘ﬁ?ﬁ s&@%\?ém437“2f35§3 87 \H4b; ?160140 wo Mﬁn@ﬁﬂgh@@ﬁy tasn]m/das@ml
LI 7 JUNc2Q0kb i adha 13#@[99 S%iﬁgi;éagﬁﬁa & ?a%d’s%ﬁ%ﬁgr fa e g?;fle:rﬂg/ %’6& % y

axially of angle cam sl e&ve as shown 1 n Figuré

Fi gu?es 2aglardr280 37 showe it i gere Wod g Fhewadies Hf 4880suchce 2186 i6 réf&%buﬂﬁvei\@éige
surfaces 4 8a, b, and c, ectjvel for engaf;errent wi th cam surfaces

4960, 5 IBTESFOTLA DRLBRLRT Gelst g 1§ T ieckmickleceib32 ApproRieHelekiyend one
surface ‘ﬂ;gﬁ ihcheS BABNEAVAM Jobht&00. The tubular body 82 of angle cam 80 is received within an

enlarged bore 92 within knuckle ball 32. The wall forming bore 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 tﬁe 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



bearing material 500 as for exanple a Dural on bearing materiTI GEBRB n@ ge
surface 498a, b, and c contacts a correspondi ng cam surfacéig v 2 dc !

over an aMoE#54% to provide three areas of contact betwestrvedgeszenbers
480 and angl e cam sl eeve 472. Bearing races 478 allow camsleeve 472 to
rotate through _a Iim'igd angl e 502 as shown in Figure 24. 10 Referring now
to Fi gur e&HASE conigpbrohdGei byt sowmen Himesad pwWet betwiseh avedge mizanberd 62 avidt h
its | ower z}elnhdlggengs Lntegral wth cage 60 and an upper
motor  houstng 104, I\/bt%E&ﬁg}ag&ﬁﬁga%&gffa%gﬁg%é”eﬁlg%ﬂré‘?q‘@gﬁlgigﬂﬁe\HV‘E’W peed

| ower t ubshdacevsiferms 10i2e. Theashre¢ bRat!PPESNIATRLEY oh QS IeNGml 8 Fdrh &gﬂlﬂ@ﬁm
to the | ower ,}ubgi ar :Lgnber 102 by a turnbuckle 106" (Figure 3D) So as to
mai ntai n PrBper 4y HEmE PRds Peiree to dhatimane sl thit 5heplane ihousied dylte
and the URRAL: LekRRabo aRd KRicK % [ er. 102 have threaded boxes
108, 110, re%%ect i vel y,” for tcrlflrl"ggﬁreé“§ﬁ§g§‘é’ﬁegﬁt@°v‘&3&“ﬁof%@%ﬁﬂgs 4ea prres theo

114,  resgiettionedfydrilbhg.t Ir opebatitiol es LOGkleThal 301i@VeshaRM a3 Mdugk! €
t he connection together. One of the pin/box ° _

106 is'roéat@f(\j’\{tﬁ]thrgiglI .
threads i 91 &P MQHHBE “Ri A PARCSAIeRE thei arrunts surfasee 40, #&ahtherintghfach beteen
Only the bym ﬂowg@aﬂ@@\qephgﬁs@n@érgyri ng connection with the upper 20 notor

housi ng 104 and |ower tubul ar er 102 remaining stationary. Central ‘
fl owbore 120 i Jhexngladsd divecticangtdnilivig cineter dhaggSSLOdHol AL and dookdiRgidgl ik ds
fl ow M;rough]fltowbogre 1 t% the bit 12 and are also used to power the nud
mot or 122, PReCX A &2k Qrtpe quee %Fffaﬁrfﬂ?rﬁbw §0tkerebychagpiag thx planel formied dughe
f1 owbore 2285 offhtdd: 08bT® whidPaxi ,H)P,ﬂ ' P elgag=le

0 AP axik bﬁ%@ﬁhg K eglrtoqq%?’lﬂ%5aﬁls cﬁ%n(ﬁm nglga@éapgon

| ower inner sleeve 122, a bottom space eve a m
sl‘éeve 128f kniekipprdt 35 pacegleshme’® H@texanmpla abone wkdge Hhd RUgHveIdWnwardly,

housi ng 1 wer iqaner sleeve 122 and | ower tubul ar nmenber 102 form an -

annul ar a%ébéh&%%%{%ﬁb@ T R S%Fp‘ﬁargfb?e‘ifuﬁ? Hiedngleatase 0 3201 voh &peskimbalér

descri bed32 i sgivai kngamdiiexti en Ssout bkQMtng allﬂ'E'igWSfl $8hd jﬁlﬁ%?hﬁ%%ﬁﬁﬁ{&&%* B?r om
X

not or, housi ng.104. An expandabl e/ contracti bl e“seal ne ends

the I'ower ternihly. sesanghssesh]y Ad@uids divE thembdimehidnaldy.t The wadge ricntyral
~end of a ' 8 >eal 2ber 136 be_a flexible bellows of ejther
rei nf.orce gl[léégf[fﬂ gncgfecggﬁ% ifing to eﬁ?g%¥wya¥ﬁaooélpg digection and withneinelinger

“boot. Al terbeatliaugleyof apay UP.NTRE dMbdidonsedag e Qe afhe SHSh: fH:19o ke Mﬁ%];
- menber 1 2'II :%gd angl e care 80, may be used aé a sﬁbsti ut et(?)flaort rrglr%ggr 5.

Menmber 1 y act as an oil volune conpensator. Menber 136 includes an

b d REE: ~ WO 01/ 46549 PCTI US0013392 nenber 136
which rocel ves TRE ey FiaeRiZorh Wk 146088 4 Al BovboaspeRhal 4

whi ch receives ower terf nal
| one20 piamgbnchnl 48d vt whdgesmembersy ERefBYing SRt PR Biguld D 1, aRG LR f AR SO-

Seal s 146cﬁre%8gna%4nqgchanism 460 includes an angle cam 470, an ahgle cam sleeve 472, and a
- ‘plurality of cam members or directional wedge members 480 to control the direction and

| angle of the drilling of the bit 12. The angle cam 470 is connected by splines 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
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are proviwediAgaseal the connection and snap rings 148a angctA8besmint ain
the.connections. Menber 136 isolates the fluid, such as oil ﬂmﬂvﬁjﬂ
annul ar area 130 fromdrilling fluids 5 flow ng through cent’GZI ’é
120 and E@%aﬁaﬁé cdrh vas aadipsetysyrfrse extrodmg geoBiaglyraxid)y of Figls camvilege

parts, h ed, housed in closed fluid chanber 320 are -not
cont am ng}igg@%{ ﬁmqﬁgﬁh ?ng fluids flow ng through the central flowbore
120. Menber 1R&ferﬁﬁg$oweroeﬂ,gu@éé 20 ah8 9527, Qfle RRYRE 1WRldos | NERLER S 8L B S L £ Of
the drilling flujds passi through C. ZI' flowbore fgo S substantlgIFCFy

t he samlr&@dﬁwd&é%‘w‘é %ga,tthemfilm r@pecm velyo Sercenighgenderc hveittbeam sdifadR @964y

ressyreydiffer C 1 s inadvertent. Referrin
i(ggal fljjto |%u€er§$§kg%l?e%€%%/\egﬁn e g? 82621‘:41'3{1;515%@ freetBhigaiovereg v
body 138bduainigngaterilatnias fonedem]s b Tfudasn 86 0 g

142 on its ugper end. aT-?\eadg?M has a palr?@omﬁtégéle\s@%ﬁ?i%q @gﬁgﬁce'&gﬁg%i

t her et hr MEb‘hc‘?IB?Cta? rarrpeydinggam airface #hos e hnd aovhiemeimato es todpoeidebte
Ca th Ki 15t
7, VES8 25 A I LS e e

al t hough a non-1ocking taper °rs pre

30' . MNbraiovpcateleatd mzmwmﬂ@owgﬂﬂgﬁnﬁtuﬂfaﬁge 588 ak Shoken inOfigiRI#, Si nce a
tape less than_ 15" is typicall consi dered a | ocki ng taper A cl earance

t apet’ 146, su ﬁfe&%“dﬁﬂw tP & 1&‘l‘r§¥)g|§r‘5v}1ﬂ&§ hpeSIBBIQ(&WHCWdWEWMeIomJbahg e ngtzem
80. Ref ey rive ani sns or drive
{62 Gﬂhni?é"’lc;\&r bHRES erld aﬁach%ﬂdto or m é'ﬁ% \g*t (A& I6ﬁ§zm?i] HLYPPAGRT

trains may be 20 use to vary e axi al

menber s Blising FldguMeidk hdulsufgt maat Rfist beeprdﬁéﬂx%hgﬁéﬂ mtﬁﬂe %wéﬁebsraewnﬁ@c@
enbodlrre sﬂ_lvvn in Figure This is a nechanical and hydraulic drive

train. us, the) YROET ok Uﬁ@gﬁ&ﬁulés@nwtasiéOtthfalqwexmbtdaranmgm Kby a
il lTustr %ﬁﬁ)ucﬁlc%r@Wdrg 1)1 sﬁeasttﬁ%ﬂnl%ﬁfl?roﬁ@xg?l y&[) O\pﬁr wva %rgal%%g%” ¢

motor 174 with the el®ectrical power prefe
sur flace mhﬁoodnghsmg 864 rand ahe uppﬁtubtrmnEBﬁ)d &GmweZEutahavamﬂeH@yh@valﬁnmaded

t endi t |l e 520 |t t ly f '
ot tor 1 dxks 1088 iR BBt e Tt Sebite) Qr?gf@emp& y‘;"m. e ”tﬁéaé&a%m? ‘n’{,”z,nm to
Fi gures réﬁye%weﬁy, mﬂnﬂ&;cklé"ﬁﬁ@(l‘hé 6ut§P9}é€\, ﬂ;ﬁ k?e d%%%dé thle é

o) ?he We 8 ) b,

train 150 for individually operating each ers
and 90c.thacgerestiah [tygethdyul @ne Wédky@phﬁbiy( th6adsSs héﬁtlfheﬁidddnwﬁh(lﬁé@tlfdrtﬁlﬂfbox

chanber 20 an a.plura finge-rs 158 projectin Z3 c,
fromi tshﬂ%gfli\é?m At ‘!&afé‘{fﬁpgf’{‘ L“‘i%?)?é@r%%tﬁfaéw gQpnestigevgh tisguppsT
progode rEbtotho\gki S PROArd bQker %@%n’@%ﬂﬁlﬁ 299ma1ﬂ)}§ ﬂgﬁﬁw arcuate fingers

158 extend downwardly past the end of vve ge ne th their term nal
ends engagi n&%ﬂ@WOffa&G]gﬁ ertandsathe dbrgth dbé rstekhfg ansernitdy EOpeDridhg Nfidsage

60. 13 \f\gvp Mré@g%‘lﬁmﬁg % Qfﬁg %xt 12 and are also used to power the mud motor 22. The
" drive shaft 14, shown in Figure 12, also extends through flowbore 120. The flowbore 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



.JI od~ The three fingers 158 extend between the three wedge Pe
provide s’ 8} Jg)g ebet ween i n which wedge nenbers 90 may sli %?ﬂﬁignm
azi nuthal | y s?)lé apertures 162 extend through wedge body F587V9UE¥2de of
| ower inner sleeve 122, through bottom spacer sleeve 124, m ddl e spacer

sl eeve 126:,upReN 36 WisaReREivel BRVEWI2B AN TRt ¥ OUg& gash
of three drive trains 150 f Igr act u‘ggllzng vveh é?{dngeb?(j;fl'xgg%r?&%d%,ngnaga@b@%er
Si nce eachpwf endhEZdwhich 18 lrmensd]:%a ammtetrbereslamn angleycadn 80. Gkalk Necdahy @46b

trains wil| bed in detail ive frain 150|ncludes a hydraulic
anplifier fFP™¥ ﬁéé‘ﬁ ékéﬁ COJWBW?"I @Iﬁr SAp rings 482 apbh gt BBieER thé cennsciionm

of notor 1%1116@99133)/1@61@&":'&6 R, 'sfdbl? fas {0 1h %glgéﬂda?lﬁgﬁr RAdar 1.@’ ijoﬂ'f 98 1inbuids

pi stons 176 associated with a snal | pl st 6N alr o arge pi stons
176 i s di sPewes ﬁhrpuaarcgetralyﬂlwmc é?(la@d arind hise drived bha}ﬁu Bt (ot W(an 1 Eilgﬁfw3)$d
4 bei n, spaced in 120

|1 d 194, d 9 hal |
:a?czg? e segh%%nt“fg‘”%: \B&H ‘E)rg’d@ﬁi%éescﬁgﬁé} fRegd 1 %nazﬁﬁfgr tﬂggi .Cgara tradHbdre 304
pair of | ac@Rarmirgtcdnsy ﬂl@aﬂnlﬂﬁ'@ﬂﬁxc@rfﬁ)\ﬁlﬁﬁ ]gﬁ??] {]enltlﬁf ﬂ@ bt 2RS gﬁ]gslai'%

smal | pistons 178, i.e. one set for each o ree wed ge nenber
| oner end &fis IBTRlyHs 4ﬂa1591etlpﬂ daoier sitGeths peesserd urfettic dirﬂlmrg foids fpmfssmg.&&ough

whi ch pass 44a and, 144b in e 42 of me e nmenber
20, “Upper - AonbPEV L s ARBE G, e 5fe 320t Prrgene® b ane Tl i et Budcaraprper
each sicde 340.tAgy iy"rehﬁﬁéidﬂff’o?crﬁfal HadgscIEARAbeOG6 Ipmawe&aﬁ' ngs 184 are
captured between a downwardly faci ng shoul der 188 on large piston 176 and

the upper t er nRﬁ@m%%Eaéﬂt igengel 64C, eagh ovddgeerersher 90 guclddB aarcbongagpt ancwede

bet ween t i Sld of ,.T- head 142 nd a. nut t hr eaded .
onto the Ih%O r thr ea edéabeﬁﬁ %%\Jj' sgﬁgP&aTBgf ?rbS? ik BP‘? 'ﬁéﬁ“?ﬁ“gé‘é on 1ts upper
connect i orend0-T-hagl gttibﬂa/sﬁépﬂﬂdf BY1Ba MR, 384 shetRRrodoR foditBRRTEH dﬁ«re%mﬁ such

| arge piston 176 for seali ng engagenent with the cyI i ndrical "wall of

cyl i nder fgipreippidergieseaiad, |€m§5¥m&1y§d&eaurfapgé)6pman gteater pedessahart i vecking

i al t d d
L e S
di anet er tmckrabrhy veacigeing oylgd S6rfacan®d is 1m°$ir(ixﬁbr&§ﬁlca|a&@pdrﬂ6dsliﬂﬁ$19* @leﬁéalﬁnd

dynam c seal S. %6 I %H@eal i ng engagenent with the cylindrical wall
reduced di RREEEIEdR (qCking, 1ape. A Mﬁ%ﬁapqrgm Sueh |ap 4§° vistdiscprovided 0 allow

i nconpr es%g@eengdtg;gnéqggm%@ smal | piston 178 and large pistons 176 thus
formng a closed hydraulic system One inconpressible fluid in cylinders 30

180, 194 nay beRQfEmngﬁrcelstmExguneem &f angly%; tveriv@dAd)i vehaectianzids @i dies eiaindeghy be
in fl ni cation portion of cylinders 194, 180 between

smal | LiE. st‘Bﬁ 17429n wa@‘@mﬁf 8 %lﬂﬂ%ﬂuamécdﬁydv%lpqre 9Qrffigweet ilipates the
| ocked. i N @vaaai1s0idF thY Sr e e RBGYimbnP sﬁ’éwr‘;‘@rﬂ)%ﬁouré 4burgk lﬁrm&,rhaﬁ]ggl and

Al'i gnment pins (not shown) are used to nmate an Tgn’l ower space

. hydraulic drive train. Figure 8 illustrates a mechanical drive train 152 and Figure 9 illustrates

a hydrauhc 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 ends engaging upward}y facing annular shoulder 159 on the upper end of cage 60.
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14 i1 7 MONI2E® WO 01146549 PCTf USOQO 33929 ' 124 and mi ddl’@rfsmpml%
M ddl e spacer 126 is aligned with |ower tubular nenber 102 by e\yf]ﬁ

slots 19 The. dr au ifier 170 is aligned in a speci f
ori ent at &8?1 t&[eteh%g%répbcgt ei‘{‘}gfi hREtYEER 4be thEenVetes sraabas W t‘arﬂpéfdéaégé
for proDﬁfcr&BQz@&%r{'ﬁWhlw %Qdéeﬂﬁem&rsé@ may 4! ed wedge surfaces 96 of wedge

menbers 90. 5 The smaller piston 178, 1 conjunction with the | arger
pi stons 176, phreei @emhghd}i:aapaccd a@mhne‘slmatemmd thitoagh avegize ogly OISS, buBidel ese

| ar ge cyl i nder s sél th r end and snal | |ston 178 cl oses snal |
cyl i nder "G4 31T E?VEISD%TE é‘?ﬁg?’tmﬁl}gon? éPq?Fhﬁlcﬁveci%f‘séEl‘ Alpdtpagen deavgstZémupper
th t 76
s Sl | L s P o PR o of e e g 100 R Rach

cyl i nder wedgmembae Hay0s ahd 96¢.eBinck eadt &f the dtioe aiain@WS\ﬁmﬂg ehengaree b6l y%heand

angl e cam 80 t.he neces rel.ativ vement to chancre direction and
angl e. %BQWC ?Iqsﬁlgg’cﬁe&r&@“_’t%ﬁyﬁam nm zes the piston area as conpared

to the snall prvRirsifPn I al f e
smal | pi ston Togoury PR, aHIRLe aaipcl 170, sl A bR T2 ank B
appr oxi npav¢nsograegn the fCtrmscbfoubtd)r B84 afde dyideuéd atrlpaﬁet be0 prehskesta panvcemfato@n
t limte Q. a Iy of |ar .1 5 pistons fo eachvvederrenber
Therd Bt 78 dsPsBl ik st bpistn o et of brec piorongs ehopBis i,
the pi stRfkedyBiades 180GRd e §ha bat | Qﬂg@, ng
partlcullgjr:% yﬁow to Fi urees 3C aﬁﬁlg B %%afﬁa?lgc)gﬁﬁg\gla ?‘g?yhﬁg&ﬂém
connect etP4 geiﬂ&eﬂzﬁ’é@h& pdced | I20F ercupR2seghivatsrmcwadge hbdwanpb. Haeh wdtie

i ncl udes such a drive f ack screw 2 connecte at
1 U eomBmpk R RAGUED Gahe Hib P ek oS sRiee Gty o Gorge pibjadte 1
doubl e canisdnant pm@ngqrfs,m ¢l. Bhétet 202each Qe HALDL &L ANShB 90V6I*h9%wr én?i' Jtt
202 connects screw 200 to, an e;%)andabl e/ contractl bl e nmenber 20 chis

connlct eRpchrlange Pistrh Y6 bawa raslug dippreterabafs| 182 odnish parsey diroegtt gapejrtumt 14206,

Upper do I j QLn nnect s. ex anda racti bl e
nmenber 2 % F44C}i) ?‘Rﬁgégérlégv %66&6“’? éer(%&? @%Eﬁaﬂds%@pﬁfets e]g? ‘lfel r&}tler’rﬁﬁ’r&?“slm
by neanslg#f, 1@6mki di’pbeed dna&bals:demwta ToR&d NASof2wedebOmeMbBt 09, Zipet Springs
provi ded around the drive shaft 208 and bears agai nst thi~ upper term nal

end of upfefressarasd Pssmwm gewnwardly deripg cheiddey H&jemrlangeduston di6 and the
El ect 11 Galpef QB ofdor FaRA! IALUGN GBRIPSLRES 1RACLEORNGEL A IR OF e 174

to el ect |caI connectors whi ch are "~ connéc %d t 0

packfige ddvnwirelydheiagside umt beadl#P arelotmitgD0lthichial Roveke fowmhtieddndlgce.
30 The el ectronic_notor 174 is controlled* fromthe el ectronics package
- Trbal) 8 o formpg sprng opdad wonrecipn: HA-TnELEROYSEpENd Fyrareic heaks Hl Ssare

t ype. I TdibfoskaduRl Y5iBe bR TRIRL sedling engagement with the cylindrical wall of cylinder

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



notion sensor (not shown) woul d be housed above the el ectri ﬁ?fﬁdéﬁéﬁ @nd
di sposed on the upper end of the notor shaft. The notion s nes
t he nunberWEX01#6¥44t i ons made by the notor in one directionPEF/USAESther. A
br ushl ess type notor, however, is preferred. 15 WO 01/46549 PCT/ US00/ 33929

.7 JUN 2004 The few 2 i s .threaded d include nut 214 di spo
a enl ar ged Iﬂ’f%ﬁ:osf VXC%S&QI Mﬁ enSpflﬁeé ]%‘gdélf‘ln %9?3 i fistrs tﬂ’i%ﬁp“!irggﬁslig by’
plurality raef s%B' Sotd 1®sarendhppased am@hﬁépm léNaﬁJmela @4 @fu&,@ﬁ'c fagraﬁaaafﬁ wifh
prevent rotation of the nut 214 within bore 2 Rut 214 tTs locked in

posi tion bryﬁsmt/\m dhl@y atcaélif:rfgms Setkas r8 o0 angld Qahe 80 dwe iproper rAngagenasnd VAP thyf
| oner 5 spager g%bseﬁsﬁthe drive shﬁt screw 200 rotates wthin bore

162 and thtrag%{gleﬁl é?suf W??lﬁcelgargb?:ré e drive shaft screw 200 to nove
axi al | ys wi t hi n yedgaaladystdd §78,3h ReBjubibigon wﬁnc ﬁmge qflstéﬁg m prdfidle BEdr8WYic
i C

200 is attached to small piston 178 at 221, hydrau uid pressure
wi thin cyl amplafication. jEheylardcepisioas 176 ¢lasarlprae Wdalalllgﬁ qm@sm end andesmall

| ar ge pi st n en_t hat ive shaft screw.200
ot aren °t ABBp 8 nsl Wt bR 198 8RS Bobdd Mo Ry ot NG Rstem
upwar dl'y othetbymwes diTYie amell pivusn CEBIGEves Bdir ofi thé aR elﬁl&dn@ 1767QY SmuP pRkcH V78
and downwardly in reduced di aneter 194, e screw 200 has an

anpl i fi catPEKESFOvEPSN Vﬁﬁvéwam@ybggq 1g‘Fhéf hgecrljadars ABer S0dmvasuidicipne leagth
the sige | ?aglo‘s&gﬁf'teﬁ%ét Masubls S GuPaha1l 2ald BDELDG ssad egatwe 1&1%9erﬁg1ﬂrt3%hi§oe

anplifier NO excessSi ve Pressures are se am ¢

seal s. Thedilyedomahd anglapiThé ipeir of Targe @d;ttﬁssl%hﬁa)aﬂ‘@wﬁtth@fnswﬁl a’il:a hoedinpared to
required to nove the threaded screw 200 and thus reduces the frictional -
| osses r eq‘gF seglieopisenarsne’ gelbristmol 1hathe amplifigation fdbg smal gugtorii3 “arbso

reduces t t of the

expandabl (I};E oér%ﬁaatg‘?l lal_r%%gf% gggms?ggﬁ%%ﬁtg%g‘?g}sser | oads. Referring

parti cul arI y ndwshoulﬁl @uamyr&hte@xlpﬁﬁﬂalpt&sbn@ntvaﬁﬁn bl motriahed «@84ai26f Jarge
inclu ed shaft. 224 h S end conpected to upper doub]e
constant V&P B? S Cﬁcg.”m ds5 Jeehe I Jﬁ"F IR oIS 0% ke A% &r Edﬁ)éﬁap a11

- connect ed ];Slﬁ)toh@v@f)wgﬁél?ltﬁe gﬁfb%ta&@é of &4eh o 'Fﬂe)rf;l%}r% é{‘stt%%sgaa)é ;@ bpgdignaft 224

is received within a splined bore of out ow ng the inner
splined shaft 2Refetrmgspartieulwily hiow owtfegurae 36eE zﬁxﬁG’z’ fﬁlaeh)eingageamphfmf 17(1 e

splines on shaft, 224. and ter ow t ue to
Pt bt wcsingatq 8 g HReatEh TEPNREr 133, e e (s T Mepiaas
toget her vhidaBedtddOWcRGs acdRANHaR;sAcdw %blc%hﬁede@dmfs 1%% Ef?d fXpaag %Eon
contract axially as shaft 224 sli C]es within outer nenber 226. The Splpl ned

mermberdd) 2214/8 and@t de appie sing ed laverclanble cpoﬂqmteveémityabmoZMVIeowmedmblwnabana|
novement . ‘;Ir%trggc'l drive s ft SCr ew,

00
Spl i e P R e e e e e R R TR
20?, 206 adonfwétéd @t its upper end to an upper double constant velocity. 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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30 angul awodfif4see of expandabl e/ contractible nmenber 204 whigdy 184086 caused

by the bending of steering assenbly 20 as drilling progresses th? 9h he
bore hole 524. |f the steering assenbly 20 beconmes stuck in ttﬂahoﬂg&ozbﬂﬁ

there is a powdhe sercage)0 isghrehded ndainpludes and: 2 EdiSh@LAITNG ASF8ODhY2Q 6Nas
a large incl ilﬁa}t.i ?ﬁ such asfS-ﬁ, gﬁgg st(?eeri ng assenbly 20 has designe
f1 exi bi | i PYCSGEHRAPPRE RLRT Bedeehpdeddt r Sralbrditnel bally 218 tre dig@sed il FodUN
2004 WO OdAHBGSSD / ® i el i s bowed,  t )

t afded /bod SO I8 P cht Eﬂlé}gﬁﬁﬁ% i 514295/1{5%% E% 91620?@8 234 iy

constant velocity joints 202, 206 allow the steerTng

oper at e. Mrkefbin pasginst nepwadbciacin gjshbuitisr 22and2M6,losBeterminal end 222 of lower
204, for exanple, would otherw se bind

expandabl g act, bl e connect | ol )

if ot h?sté@?&%ﬁ4-.i@ﬁnﬁ &?/‘e Vﬁét’%‘? P LO8ataswedhinPeee Hr3 wrd dhinedided Dt Jbdy d
fl ex. Theheanshdntaunkeldaek WaTNgl | l.ow.suf f.icient -side,.
movenent such that the si fsg?lﬁéd"‘g%ﬁ T@e@qéﬁverzre%n‘gg}f s“9 %’3?"6‘%‘28038 lﬁét %’i“??dt.he

The | owerlowsnsndef drive abiaftysciesi 800 202ttadhed thaapsl pient ITseads2 0hyHRRLANAY:E
the electric notor 174 turns

shaft scr 00. from hi ndi . I n operat.ion, . C

i nner sp|P|er§éeS%FFe‘r"rbLéP‘ H‘%P@%*Si Vr?“FEFﬁ“S*’P%t’%ﬂf‘é*shbdiwérc BISPSUAR Onwht rgeopistamsd
drive shafs. SCHieW 280 beAserifHay § t 10, thi r eaded
nut 214, outer spline r?eme:)er azzstsa.[gﬂ%ghda?lic%:gé«ééQQtIB@%:e?’e@%ﬁ%g%e n Q?‘%PWJSC
causilflg el shpftsee 208 1o mavewpwardlzlor downtaedly wpd ahugeae deRENHIBY 1YRAB

the direct) i,on_of tor 174  For exanple, as small piston 178
moves. douoad Sy bt 4P at el iR acbiei tassct Sge 1S . She serb WEbameve
downvvardlaynrﬂmtiﬁ@oﬁ?jvgﬁdgma%ngtmye downwardly. This varies the
engagenent of the wedge nmenber 90 with angle cam 80 at- 15 contact areas

260, 262 ther ebif Yedgengembersfilaalen prleventabie sidy loahvatiioas eathe26012 267 @ﬂﬂ%
the nor ' i f-course alters the direction of drilling of bit
12. Hydr gg% 1 ge(ghr%fplfﬁ?deﬂr& %9811%%5H nsoaﬁﬁf PSR RIFSSHRRSr 8RS 8Y yissdymgmiic
and_#bcharalsalTheamuirinfliceamplfRerer RAudsiTthé bhfeodhl 8 adfal R QYLAEL F‘d %o%g the
orce

1. These | ifications produce approximtely 1,500 psi of "axia
from sur F@rgg?d%r%‘l’ 2%6@1&% erdtices 818 foptionat Inskecrequiz€t R6more Brgicreve 200 Bt

and a mughshisgher.n I of, roxijrat el y ,.5000 pounds, on wedge
surfaces 96 ont cécugrb?gg'esﬁg%%gsr? %Hg‘?eg tc%r‘rc{lng%or&%éoﬁsﬁs Th 4513 ROVeRFRh f gke of
t he wedgexpamigble/cohtradtiblt mebtbea P4 864 @tididsrtionisher types of drive

mechani snms may, he used for axial novenent of wedge nenbers 90. Referring
agai n to Fi guréer@ngnpagealerly pew st Higwer Abe ssxpandabie/corarictible dicnvtert 264 n

oo S B P BRE PR L Gl BT Pper i copiont vetomyy
thrust joint 206 and an outer member 226 having its lower end connected to lower double constant
velocity joint 202. Splined shaft 224 is received within a splined bore of outer member 226
allowing the inner splined shaft 224 to slide within outer member 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 removed from the hole. If the
16 '



bear| ngs 238. and is attached to the output shaft 208 of not¢

bear i ngs mgy higuessh sposed on each side of power screw 234 tg,

it by sharing the axial force.. Figure 9 illustrates hydrau (;[ﬁftlﬂ%%ﬁ%ral n
154 which includes a wedge body 240 having a |l arge 30 cylinder 242 housing
one Or NDr fedriggesspindlyO0S 12 4bweRe GhiC Behnstlt | ValiRity 24611985 €508

248.- Smal| piston 248 is attached to_a shaft 256 J&Im ch'in turazllaFJs hc?oﬁlﬁ%% d
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drillin S rqvi.de 0 ction
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pressure i I]@@esg e ,l oner leville
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pr essuPe nsltlnndhmaé@ﬂnmﬁzm ange splisd arsnbky 826 tahe irive ShbifP REfews 260 Aove axially

Belleville S ri %?”184 ex9§nds t he ohher side of the spring |oaded
connect i orf2" RSt &7 I mRye 21iglly eitber wapmdarm d@%ﬂéﬂﬂ@ﬂﬁhﬁédﬁ@m

of | oad onroGaBh PVNIREES4. 81501'%{3@1:13?:' :?Lsn gﬁﬁié%ﬁ’snﬁ{ 17@9}%@6 9\%% va‘rvgﬁlé?t!},\gwgee

menbers 90 duri ngga change in dr iFrection so

caused by cyHeddsi ‘szlatm‘» w-tontseh?ﬁ wjsot hrevvboddvernwdralye caﬁs&@iﬁl Weddd .o0DW infghe
drilling, cﬁ)t}vere 1 a][. %/H@m ¢ shock Ioad pl aced on the vvedge menbers 90
by the dirPEL et '8 g?b%‘“‘"‘l’—?fr B ugslge anempbes 44 with angleerim (89 at

grab afd Icohtagoaehs 26® 21—5@ thére e ca ﬁ1e' ﬁla#}éf&@' {jlﬂgncﬁnln agpg%aggbb'siﬁgzgncﬁ%

angl e and direction of the ang e Springs’
mai nt ai n é‘o}’fﬁﬁcﬂxﬁeﬂmegﬁsDﬁ@otgaﬁﬁlm@egﬁrcotﬁomddgﬂlmgnﬂat $290 and surfaces

86 of ang| 86, .96 do not t tact, th

Ay N X MDY N T A T

Bel | evi | | enmplifieng®2 badan 19priakapnadd :ﬂif!r&h?na?@ydgg 58 DR Se %Qwﬁlﬁcgﬁ)ng%gg&gc
g

off of 20 angle cam 80 if too great load I's applied to a e cam
wedge menBRPEXoRatelyclh Qe of exia &%ﬁ’@hysw@cm@@ ofvedderimeraberscilechto Isfxrfhdfa

o) SRS R SO | DS TR e PR R SOt % i
wher e t heswridige SGerrhe rsarfidest &non Taﬂgﬂeo&dﬁu @0t et ldemadahRal §&Qa§9age'cff t‘h@%vedge
angle.

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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‘are not ded for bhit vibrations,once the wedge. e rs 90 are 18 ~ 7 JUN
2004 V0 Q56 FERS B A 5IONE 38 IHOERereclRtp BB mieeb B Boronpes o
springs ifde pkBhsdron@lenahs !uﬁ)f_:raéc[ P BelIEVilTB sphilEd DY expdnds HROBER: Lide of the
direction are nmade while drilling has been sPopped, the Belleville springs
184, 186 spurgilogdetbeormectieded. Further, a fail safe systemmay al so be part

of stgering a u t.hat i.f there. 5 becgnes a bl.em w t h Vi ng
t he \i\gdge neng%?lgp% S%%ngsom’(}ggtrﬂaémﬁﬁlgq Bredeirahe taﬁéo%gggoaﬁéjﬁbcms “€3n
al | be digsargagrctaang) by wesiga waifatdsIB sthRedittnem®an @Pdurliy & chaldeanwsdiriiige

renoval of any excessive |oads at the angle cam 80 due.to bit side |oad so

that a megRCtiassethaf hecabrgtiory @@ﬁ@f}{ by thetlor 12 dlogias tmylr?b@c lb@létdmt leple @sagmidy
k q P . ot
| bcat ed-aBo aRfiedcltng. I8 i Brlat @ aRy G 80 phE Lol S LS w00 by ¢,

seal ed t ehe Bellimgchcpostafnhbaus i Dy Forsdxdmpi, anebar 1 anchdaaboawab hat led 86 @8 the
di aneter has a smaller outside dianeter also sealed to the housing with the

mud PP st SHMARGESEAISHENHIRG 2fPosprinsigstibe englequdsdierstion of ke prgle chm %0, the
pressur @ lALWRE Iphifies 18P ¥8AAhiaift 4 I6AF B8R InR BRI 6% BF GRALE h@iASod e
drilling notor pbwer section by a col'l spring, possibly between e seal ed
sur f aces and berfyies 86 ofiangleanne8d.edf the shifecassddy o6 hiadyot khfintaén owntdd, thy datlling

| east three rods so _tha en there is a _predeterm ned pressure drop (for a
bot t om héfen %@Q%ﬁﬁ%’- wﬁk%@omm@éﬁmsm%-nom es usually a nud flowrate

t hrough the t %Ebell%bﬁle@hﬁ?%%]% .,388%3%23!(433%%@ rﬁ%’grﬁémgﬁ%b@% %Q%a&lﬁ%ﬁ:?fﬁBYes

t he wedge body along wt ree we a predetermne ance
of b2@ weengltwami §{Cifeso gneht a 164BR afpliadh o medie cAne’d By weslgé enershyest eMnsaemthat so
be a pi Sttt%naslsé)rgl?]%/%%cg‘nqgsv \%eél,c;t,]e%‘tc)rilcs)ckc.:":g.n Tte t(l:]Ea %ciit fzogét? ﬁur\xl\ée g{gethgnotcl% wleSnge members
90 can be backed off of the angle cam 80. Because the wedge angle is 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
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156 between the electric nmotors 174. The wedge body 156 wddl NA to

t he housi mgoAG4amd to an i nside dianmeter sleeve so that hygrgusjos@pessure
fromthe piston above would force the wedge body 156 down until a stop
prevents further axial nmovenent. Still another fail-safe systemincludes
springs abdibsi sghnputier.s TheBrblerille hpringd i@, 136 dvemderssi®0atahet fimegdiurpiest dn

176 of th ul-i.C.- lifier 170, .These are | ocate o.that a, force
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duct4 it Sl ' t he f ti 30 d I
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menber 90 to continue its novenent until the bit Side | oad becones snma

enough so2{qs thepemayd af any exprssive 1gatlsgaithe mmlecath@0wbige biesibelos@Goabat a
needed. 9. F 00/ 33929 7 JUN 2004 I n.changing drilljn
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i nteri m afheftineid sysee carde a Mydridicopisah 1988id Aive Qhe EheuNeRSREBTREIED0.
For a Ise, one wedge nenber 90 is not conpletely di sengaged from angle
a t

cam Flaree v dirmpiss gealgbtathe aerdipwiondiousing insidendinmatss and belowr tat i t
applies t ghgage changes.ar.e made-i.ncrenent al |
in small @{%L%#ﬁﬁ%ﬁﬁhsﬁ%gng%lﬁﬁuﬁéﬁ‘mt rieggqi/\sigdgﬁaglegg f@c@gs%é‘f’m@&ﬁ m%@“@%‘i

of wedge mewingrisvi( ar eperinndetheldiltdiye g aicnisdre hoR praR@Fe BeSiteh AGLEVS6éaled
. of angle cam 80 wth surfaces 86, 96 .

86b, and 8%, reigectivel% 80 , L

cont act i iY@5Eh SRR 1 Biasesk towardss thegsmlling gnotor geyyerc seolien by wweil Tpias,
wedge mengEisVOlkiak I ' ' i i rfaces
86, 10 sy puopiRES) MoscBRRtac, TE plu AP MBLEQER b Bk BAZ 1 G pEloR
mover@nt Tfatlpast three 625 softhatnwhdmibbre iFarpredasmlifed wessur® aopEsoebSiforh hole
noved of f.a of tlhe .@ngbﬁ&cw% t he contact areas 260, 262 shift while a

or edet er TP 34 el $id Rogzigs psually 3 mud glonepte theaughi g toahdhe pistaror e

| of the weggerce®ab@hsagiihst Bdtop! ALY nfBWs (e et ggé)gg]foﬂ&@ilﬂi ﬁﬁeg%rt%gévggge

train 150 to achieve the desired direction and a of Dbi
exanpl e, TBeBD%Edgeedtermine distanesveftbelBeamivar thches0dd 20f/32f ian dhchaibhe fadrsafe

anot her veg downwar dl y 0. 020 of .an inch duyring drilling with
Bel | evi | }éggg%r ?%ngrsg? Pg® alé’ést%iq?l%laé?%aﬁﬁv%t%rf‘?i ?ﬂi’&ﬁ%‘egépc%eowe‘{j% bReuge o
menb@ds IdadulicAnt 8Rbudl 8ashe2601ubdé ol sk tﬂ@%&igeadeﬁorssT we&l @ld ve
positions of the three wedge nenbers 90 are determ ned™by the surface
electric motors 174. The wedge body 156 would be sealed to the housing 26 and to 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 eléctric 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 att agheshdPOOG B dRAMRE Sleal 96D, %ﬁ%g%éﬂh%}éﬁ@ f%ggg(fby changi ng t he
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Cospoct PERUTRE ST PN Rahe FRUEED diFieio swkberst enirs of heanel DECahawTIie the
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to the Slallr)c]i %ﬁgulzlir %rigx}/tation about axis 74 for the bit 12. Each drilling direction in twm has a

" particular set of axial positions for each of the three wedge 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 assembliy 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
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‘position of the wedge mhers 90 relative to the angle cam 80 could be .
meni t ored BP0 h‘?‘fSH%alrdI‘StBt‘g%?lFﬁtﬁé%IeCPnW%E% %38 1@%@64%@? algcu® matdr fehsud tap

t he noveneny tpf ik ' 1446, i nt .of the drive.shaft

screw 200. 30 ﬁltéﬁ?ﬁﬁﬁaﬁgﬁﬁoﬁgnﬁ %zrr%tdgé sgbgﬁ%%gea?der% H}g .%tﬁqgh?ﬂd%%%nqo&%dr%
the three Refgdso maatrsr the@®y chmnghgl itey residrenchi withi2 €y pbehtib@e@F i 170 NoEAL
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borehor & | ROFREPEERALY B YVd%E arumabiontisiserfseraiibe longituingt pesition of each werge
formati on. midtser %\@Bviﬁh@l’;ﬂﬁleﬁﬁﬁerﬁ&ﬁﬁﬁ tﬁ‘@ﬂg%} fB‘%WH@ rv@dgt{? nfe::lrr?oep b@p\slll’tlll ¥especf to

positioned, their directional position may not refle€ e actua
di rection #fc beusing g9 oFhushéhepthreel poteitiormeterst 9@ ShVO B2 /rélRE4O pRETILRSQP/ A9

is preferr h ar .bit orientati sensor 556 in the bottom hole
nssenbly 10T S, RS e Pianohibrd By St e compchoRb 208 tehween the
azi mut h of wtehgebﬁhﬁﬁmmlﬂa\%%wm{gqlo so that the bore hole path close to
t he bii'%12 can be adjusted ile drilling to maintain the drilling path

near the desir edheisigBak irgm aqarijgular potantionBeFR0iintlen nmmehtedito teserfaeat 1 bigt
orientatio S s.direction hased on the earth'-s gravity

ohi be. he. HerEaEs paRdel T8 MENEN RebicTadl s iied 0ake SHdtoon! bfirpighygdata
menber s 90trafsnsisdion tcomiiabe 585 ev8sl i éQmﬁaﬂ;eb@oimdﬁﬂiﬁ@@zﬂ%b%gHﬁgﬂigufgeiﬁ'
so that inc¢lination and azinmuth can be easily and cortectly sensed. e

ori ent at i ot FEAREFY. s signaliqoulbalse be yysmiteddothrs surtave ntan gt owac path at\eldripus
record theggl i hylel i nd. al s 0.serves as angther check on the
ot ual " i apiaelsBayie folt bl b MiOH, £ B HE Ty PReR e desrote urgstal
556 and t hengsod&natitbereppersve? 4Gib cORBed6r 281 &It ds98mPRCHRION& e IcBHE&ALESs made
exactly where the bit 12 js |ocated. In other words, the potentioneters

[

270 i ndi catR TSt dt | itk e infliyiguali GReo R84 llopingy weh gpathh sransawissibi tto the
or i, ent at i Ofurfie090ts weld khB¥h GRURSarRPRRO M B Gy tﬁ[erﬂeprocessed 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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directi ofV@PV45#1 | i ng while the orientation package 554 i n#CTaSes3vhe
actual direction of 15 drilling. Ot her sensors or sensing 27? nghég may
be used in order to nonjtor taie osition of béé%e' wedge nembe églr
exanpl e, ‘SrECGIEE 40 1% e BRY écﬁ@ﬁ'ﬂ@g SHBSPT bR OudedetRpticauhple assemply éttpon
and nunbemofftor iQkiatdti@ATr@h tluBSettidaY Gnd Rk imhfe | [ to
determ ne the alxi al 1 osf'ti on of thae &e(%gﬂélqtﬁ%%e%mg%. Oﬁhgg)toyﬁgl g@é%ts?eognégf

t he wedgel®ep wahtheboroinle phéhtdloge todht bt 18ees bagdptedavhibedsiMigis e eidiptain the
nmoni tored, t rou%g thet hﬁdr.a%l]‘hc .mul ti&phi er 170. Further, the position of
the wedge HEHBEFY 681 05 CPESBLEFAT e g PAlct Iy periodically by bri ngi ng
the wgdge menbeksiRinadaenst (R Sd0Mitsdgio H&rbs?s%ym%?s%rﬁs“gﬁéécgrogzb%rsé’d b

the turns on the electric notor 174. A sinpler sensor, suc ressure
sensor, thoghth berayiyavhile thepsendombter piessw g neppireethetaidl e tdnsiog &f pieslns

178. 25 Referri W Figures 3D and 12, a centralizer 290, is djsposed
in a couﬁf‘%’?é%r? g}% ‘ 2@}6 é(ﬁt%goieo@%fmpg’rﬂq G b‘él’i‘b“d@fé‘ﬂﬁﬁlﬂ“‘@ﬁw motal g hats
hel d in ghaeftb dnbleiMAREN cdnehdicadly agh ' SRRErichtfion

centralizer 290 is di spose%l W t ﬁi n yhgus?%lgé%l? %‘gé\d't %%C%%ﬁxonﬁggg%gm

shaft 14.inghflgsesgmey grads magumantiypioetccifitely revardi the FMigetien 16, drlliapos@dalen

shaf 514 ceptered o nd enga the centralizer 290. This .

T od ¢ iERes Y Aot RSB | < 3] Srion plodmiling do dhvaraf tﬁa_nﬁ%faw OFENFHER al

portion. sépsirtssseand ARlpAERIGTRAWR J700 THROrRAGSBIDA ge@§§Q}1&iib§t@é efébﬂ?qlﬁﬁé}és-
u

Referring now to Figures 11A-C, the steering assenbal y 20 1 ncludes a“fluid
pr essur e the dipéAdatpeniedy In epha0 ovordu rthe potmtivhetarpPd0 mditatd trotaicalpuhe ng

104 .to c nsat - ssure.variation in clgsed fluid chanber 320 of
the st cornoat et dillnbdtahE RS b Frsiioheutop SR rnglatssrerrrcon Jns
conpensatdieoticy f elflBAH Wil udesrisnBfies SHEtROsM P3RS Y aafed dakcRdf sand
seal eg at 306 to the upper end of notor housing 104. A pressure housing

sl eeve 3mlRg. gj sposed within housing 302 to forma cavity 308 for housing

the near bit j i i i i hclinoneter 24, electronics
package 1-8I angbll\t/’%%c%ésrgg f g%ﬁ??gtr:%ﬁ%g%gn%% '%Jlgil" Eg u?f:é?‘é‘r #rﬁﬁrgmﬂ&ﬁ}“tug the psIEan of
| A-C and th@mege nlentecs 30. uFdr exwamples ord28f deRelal d@RiANdNides TRAP BAUSKEY Skt

whi ch extenﬂs froma“itjge quer end of pressure housi ng sl eeve 310, through
mot or hodl§ AgedeR, ang, pembehal stations ofhe drvedskalis BOE of thoglactric ower tphcer

124 sho 0o B GUre The_pi conti nues throu a_seal
o g 354 Sl Bl &k ositkiCoP e BRIBEHRIRES DG, CAG! B RostiPns 86 oy e o
the @ | mdfmbeesi§e bladye 166he Soating Y68caehd iklredey WBEHI 10N BeohSK! Yhel BGdARRC

housi ng 26...The qjl ¢co nicates fromthe |ower end 316 of ofl pasSageway
312 down r’?‘&“,@#ﬁ?ﬁ&r Guriher 1156 POSBiARook e asie rmembers 6D cadese determiard dgectly

periodically by bringing the wedge members 90 against a stop on the wedge body 156 and re-
' zeroing ’the turns on the electric motor 174. A simpler sensor, such as a pressure sensor,
| .could be 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
' c_lccm’cal 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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and angle cam 80. C osed fluid chanber 320 al so comuni cat eﬁa?n\g%ma
130 with an oil passageway 322 in wedge body 156, through sea u 4
at the intwpfoagessof | ower spacer 15 124 and wedge body 156 pamdisbmtozan oi l
chanber 326. An oil isolation piston 330 is disposed within chanber 326 and
includes seals 328 for sealing with the wall of chanber 326. That portion
327 of t heC¥PpenspuagfErsteap 80Q Msludep agrenuivusissaldi therded o 304 ansleschled @t 3062

d 174 hQusi i in. 15 : tj omet 27 t 3
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against differential pressures as high as 2000 psi between the cl osed
fluid chanbsHnemetesn it @cl?féroa’fcisIPP‘FI??@eflg@F@é’alﬁq)'@vﬁ]ngﬁ}uP@il@ht_sfIovvbore 120.
Referrifng now t j e r6ss. raly_gf m.340 i sed .in a .
bor e 345; in we 5@%%%50‘%%% F%@ réfgeﬁ?i\k}treﬁgvlgr gr %@é/%&r@mfincﬁg ’ﬁ’égrc?%j;lgﬁﬁdes an-oil
hydraul i c pasagway@liZedhicl exicnilndensthekppenset dB8PrebeirvvBOisisaBlekvead 53, ARroligh
and large pistons 176 of the hydraulic anplifier 25 system 170. Pressure
relief syst@HRIMYsinglOdaurres spaqer didyandmuidsihaspages heP fa loweswprcesdd4ishown in

fluid comppi £ ON Ml [ﬁ&%r J ; 0 o r,345: "' 1S
influid c m%%?(g'atmgnﬁl gﬁsg as t%%%&ﬁlﬂg%%@aéj?é%%?ﬁ% e %ggﬁevﬁ%f‘%ace of
cl osed hydeugrispacey 124 ded svedi8Bodintl56 8l inky eesuale of eletigd bedys1 BN Sdils 3l Seeal

i nclud mandr el 350 hayij its lower end sealingly 30 nounted at 352 in
t he upﬁir a@?ﬂfem W&ﬁﬁ@og‘mﬁéﬁ Ak husing Thecoil) gemmymiates fgap taslowsagpdglg of
fluid portg; ; L GRIAR |

pi st on 36001??9852%%1 ntTw;d%\Q‘ZE%E% lgfﬂg%é?%q¥6#ﬁﬁ%§%/rﬁ%§§d§éﬁ fof’%%%ﬁggo :
upper chanderamgbtcamdla | ower chanber 368. Lower chanmber 368 is in fluid

comruni cati on \Aﬁh %o uni ﬁat' on B@rgl 356 and thus with val v?\;@M. The .
upper end of cyH958%r 1564 cpambey Bl fSe oATMPUSEED 2R d Area3 BN 48491
PCT/ US00f ' - ( od i '

%’ég%wf[aibﬁw w4 bgggqgﬁ th?cﬁ.@h Rhoyggd %@4 %!h@%ﬁl‘ﬁ&@?moﬁ%r%pacer

;
relief por rough pl ug 3¢ th spring 364 disposed w
cylin 354 andowerdgertiody 146 and gtto mheilphagb86326antin oil ésodatibe mwiston BA0 i disporsed

:360. Pressure relief | ve.344 inclu a check val ye 370, ~such a " 187
Zoro Loak W{BE-&PmeEE 348 48 incliuss Yt 928 o8 GeaftE wiBhite it Ehtipbes BB et
val ve. Thepdiipe322d thd of RESkKberS3 2624060 e HIH0E IBDUBMERIEStM Fith IS s N6 RGH
.368 via port 374 and port 356.and the |ower end of check valve 370 :

communi cat k&t hpusingothet drdepstraindl 0nas! pytbutintesters 10, raspactivsly.s @il isolapios triston
178 200 P BB Ao ISR AR b P B0l RSBy s
372 peam t3R0 8 eapleafalihg against differential pressures as high as 2000 psi between the closed
fluid chamber 320 and the drilling fluids flowing thrdugh flowbore 120. i
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
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operation when the pressure in hydraulic anplifier system )

chanber. 345 exceeds a predetermined lint such as due to déiuth
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pressur e W €585 ARIETFEHIRG BIeetrCadtsi FUcoRadovhgle iciRer aues npr £yample; ghe
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and 1§ st 004 388e ke lih Fid RksuFB D B 1L Ao fd i dst; Ss

t her et hr ough. ?Di st%n 58_6 al go Si’ncl uggéelgdr?agl\#ﬁﬂ?%érj{sf%lg%ﬁg}goélg% H%gtﬂ(ssl}o%&g Osfleal
392 in skanheig26rhave piskan IR0 hChink walé 390 aBywi fidat pd8dire Riont Wwe3@hakber

its | i i bore,394 | i nder 382 which h
seal 906705 WP RIS Hal RambaREE aiSndan dBoS 15 Wpoh ke Z06owe biwadEo
PCT/ USOQLIR38629 35 agd tolisdeeey80,398 itk 8ok A6 Shed®ig: §,0440 ﬁ&n@@%g%ﬁ%afcﬁro?ﬁ??%

housing a spring 400 which bears against the annul ar T1ange pr ston
386. Thetheyanglegam 882 The prasswn relisfeystiern 34Gadiaves mcorstant velumd wese iR tumet

fla 390, f andly .faci nnyl ar. shoul der 404, i ch together
i 1 P e el AN 36 ok 1BE DRl St xlinders el Ve RTeEn A
5 commonsmalirpistuinCER8 d Hdgewidibixki 496 extends from the conpensating fluid

reservoir 410

hi gh fl uiglopig&ssre fromwedge chanmber 345 to | ower chanbe%? ﬁﬁsgﬁ?ﬁ%gﬁ '
o 04

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 wall 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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down to oil passageway 312 formng a part of closed fluid cha,go r 320.
Spring 400 biases piston 386 downwardly causing piston 386 t; ﬁdt}q\,@ﬂé .
smal | pred®®&e¢mesdd pressure on the oil in oil reservoir 4Xctrdooahn:e

turn is in fluid conmunication the closed fluid chanber 320 wth all of

the noving parts in the steerjng assenbly 20 being housed within a closed
fluid 10 92%‘?%?13 38 a3 e am arulyarea ABS Aousing acmnnard@0 which

pressure Oogefk %E%Hsts@n@ dnflufaP $idh&e gbﬂ% rPt‘{l n BEE SSI“HeeceJlglfi%p ?ﬁ%%ég%r %1? Hé\%grcﬁ? d

annul ar oil chaftber 326 1's greafer e pressur

fluids pas$icing drinubnghowént402lantl lankoB%0 k2fks aWohnisaally thgn @ bhndlandsutier 400w
out of closed flujd chanber 320 rather than drilling fluids or well fluids
tendi ng t o Og‘ﬁbﬁf Wit s¥Endes 387 andipisieadférfonn @ compeasatingdiuid rasepoii410v ed
pressure ig loRt e Ml I Ld,C [ 20 1t can.be seen
that ali gnrr%lﬁoﬁs ver]sm}%%(g}r ?%\ﬁtlﬂg(ﬁg?éngwte ﬂdes ggjggtﬁﬁlcf%é’f% nssatuélgrf?ur{a res%vsoé’fwﬁ’llg
20. Once tHewangbg passag8@ay 312 forpnsg hipart, of @ldsed fluldeh atdr 320D BRiniks 400U Aseh e
properly ali rﬁg 'th,rgé(pect_ to, camsurfaces 86 on angle cam 80_ This .
requires. P’ﬁﬁfg“ s‘g’?ﬂl"gﬁf E@Psing PisHIned Oig plaeersmall predetamaingd gressie gethe pidn
by rotatiopph; ) : - ar .
Ay o e P LICHE R ST AR Bhicp@IRUE BRI Gymoer 320
connect ed, withalll ofwbe mhovisg pertoB), thEseerinpasswattdye 20 daynglbéused twitila desed fluid
surfac 9 Ofb V\ﬁg e nmenbers 90 nust be aligned with the arcuate cam
surfaces 86'%01°%Age cam 80. The wedge body 156, hydraulic anplifier 170,

spacers 124, 12§pdﬁg2$omﬁﬁc&xep§aigﬁﬁlah%ﬁ%ﬁ&&Hv@é?hg;réé%@%%t i3y 2864 égggtl%é(ggﬁaltl

t hen made up together as a package. Once the package is senbl e

conponent sthmeesswstinlanadlansrea 138ckdpanivar oil ghpmbeh#fsisngreA6r thyn iths presiung of
t he packag hal |y ..into.upper housing.26. Ugper housing 26 is then -
connect ed @8%&% M'ﬁlgﬁ ¥ f‘?‘f‘bné; T %‘ﬁghtﬁpﬁa‘bﬂ%‘f@%ﬁ Fli% .Sug‘lhga% ﬂl?e‘?"f Ff@a&é%ﬁ%l‘lw 5H
of the presesd fluid ehirmber F0aarker mﬁn_(‘cﬁﬂﬁﬁ%hhid@%rwm AGAE A Lo ROy i cidied
angul ar_direction of the | ower housing 28 around axis 74 upstreamfromthe

cchill bt fluig chipmber 329 Hhus, aslighs pasitive pressurdis maintagned. witlindlasad fluid danttem
“hole asserr%i 10 as an offset above the drill bit 12, the bottom hole
‘assenbly 10 ¢an be used to push the bit 12 agai nst the bore hole. Al so,

-because an anglk dan be eadrechdoelliwasRnt e veht inkgort dubRgbkt ARdBleoRASEEARE Y
10, the bit 12 is pointed in the direction that the bore hole isto be
drilled. -#femplifetOndedhs angle 2amAl isin pestion RUTHUBODARS BRDVeLit Hust UT7pOphily

200 o™ SRS, LR SGATR L 006 50, B Bt RO
| ar ger20so privefpalliyeryeaiisl msatide rhthadthag dynstatiofs! connection. The cam surfaces 86 of
angle cam 80 are initially aligned with the 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
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including particularly steering system 20. The system 530 includes a
pl ur al i thplopaGownsmwne other Pacasepiessi ari yh tadéng cessmandh ragsmeidtnd dram s gurface.

ori ent at near..bit.priéntation. sensar 556. Al so included
e h SR RE SRR o2 e B AGRRUEY b BRIEE Bl PRl TRES e p el
assenbl Wigbtion by Toaipatnd erevaRRr ainyt Qdd résalts IoNGRFarkRdaraivie &RUbF Rrmd8Y¥h Ces
558 may not only include the sensors and 25 control devices descri bed

her dPn” Rgingomided. g dhus Hs SERINBIGAAGTH SYREQIR @Hews romyw eationdatiweaipther wirface

devi ces I ' i pliy..512 provid peyer 1o a power
G st 1 o he K08L B BBT08 orcl BRIl B 2RI A 3R DB In b ParfRE®
subst antth@kompagtecail tubivy $20 ¢tk @rasbritdugdhtionacVibbme fanCcempasdilyeconablled

tubi ng 520. Power distribution nodule 581 distributes power to the various
conponee8 88%_560 and 580 in the bottom hole 30 assenbly 10 via a power

e be woen T xafiBle Bt WP EONISES) 2168 PR il ITR LR ON

path between the various conponent a supervisory no

58020pr eberakbdyptehofid®britine battime hulesntemid yh 067Audidi ipertieabinlyrsedekiap 3 ydtemerc h

- of the nponent an conmuni cate with each other via the slow bus -576. A
"hi gh sg@@oﬂ?ﬁ&% §3§d§dH§f§ﬁ yphyakly of dovehcde dataniaanisitien dovices such ag RN 4

552, orientation package 554, and near bit orientation sensor 556. Also included are a

" plurality of control devices such as devices 558 and steering assembly 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. Micfocontroﬂérs 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



WO 01146549 PCT/ 1JS00133929 supervi sory nodul e 580 and data?qui&NtZ%li‘
devi ces such as orientation package 554 and sensors 552. Atti‘ xanple of a
sui tabl e be(ggu%gg\@d data bus nmay be a 1553 wireline data buscT/Ub@i33929
comonl y use or wirelines. The slow data bus 576 and hi gh speed data bus
578 are connected to the supervisory 5 nodule 580 which acts as a downhol e
cont r ol | eupdroisosl modoleni®ol nddaita aaqujsitish tdesivesi endhe ess oriamtdtico packole dédiznds .

S [ dul e 580 i | ed a ot f 588 t t.a,. it
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di gi tal si gnalTipr g9eesiaor s thowulstegh wpdeldi dutsbust Fteart Gopreseas oothe Sapervisory

Transforners 588, 590 provide direct current isolati t rotect uphol e
and odwn TBPIE AR oFBR ES P bR pesiroliea e & davaliels dphadivetieniiess.
The digi ta@lh5€dﬁ%|depfcg§esﬁe@'éré%y'ﬁo&l@r%rﬁ%lﬂ[e% 9pW GnifbrhdesSaIRd ded.

processor ich serv as a’ nodem (nodul at or/ denodul ator) at the
sur face. dongiit:ab84,sisnadtendmp tessgr tHEoRalh roéfcormmbbite coitddunding 520 to a second

ahal og-to-digital _conversiaon ciyrcuitry to.convert .recei 1 i.gn into
di gi Lol (OB b s acky S dhe poger egaeﬁ%mf&wgﬁa%f@%3%@&%&?%%@
devi ce a ()Cc,gf;lgfeg |d§gaﬁ¥drﬁgit@§§4,35mﬂﬁmd¥gi&h si%phlgﬂ)r@é'&sora@.l' R&Ssefl rwitRifl ahiface

busses 5 E nmodem may communicate i ndividual l'y and direct lile Wi th
t he d0rf gmecassamcHgs dFrabfdrmuegs 1§8i 1% pmivigeclimddeismnt iOlptfoace pipiseleadele Ik

can initiate 0 ni cations, Wwith a particular, dey,ceo,s nodem by sending a
nessage t%’“‘f@@%ﬁ%@é’@&oﬁalﬁ\é@?] %H S Ho %r%?“e“é‘b%ﬁ%@ 83_‘ comuni cating an -
acknow edgmentTReOdizher Sidlaf6eesddt 2 Bld piserichinabiardeaie inQhe auifucti pmtessut t h

each of the downhol'e control devices and data acquisition devices. The
downhol e-Bldr fhieh ewhevush catiasks fmedeaiopidgmedelaiors at ithe |syrfaceer Diraieh signal

conduits 584, 58 Th Si s, d t . PO ol i i :
rodule soerr e DI GeS HRRS iRt Bl AUREAEY B EGRE B vea
devi g8. 2Bgfaetadisitalrons fenabsdgueneptbceioivghol e requesting that the data
from'the data acquisition devices be forwarded to the surface. Typicall
s LB 1 o

data from t he Behedoyetalesdata apnuiraion dayicesandGonuphdrvise nsiafgo

the surfacg._in i , ' od:. Hr
e sur B e BHESLSL SRR (Hhef Bheh hEPLofliy AL B iAR Iy R REcY
communi cawithbise sbfdce phrodebics ddtwaingitd nnidugiatiddesd. 0B unfac8Oprétrsseoifacasinitiaten

the surface to the downhole control deyices are preferably sent own_.a
time- or FOMRBUEARANSUYD M @ﬁ’é@“ﬁaﬁ He Soﬁ"’&l%“f‘abbéﬁ%‘{lﬁsa %&?ag%%’. H'le‘t A d

be: regcd d I j : } iced Omn
the b HeRgs Tt Thodedf SRopRIII LR ARG YD AR NRbEKG N 1o SlDlce oy

be on andalfis giegnafase tFheseneznatal wivh 2ach of the downhole control devices and data

acquisition devices. The downhole-surface communications preferably 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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transm ssion on the power conduits 562, 564. The el ectrical g@ r r
conduits 2, 564 is, pr r abl 4§r ovided in the formof dir }’Fewweﬁﬁm

5 f
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5 commngma;r@arﬁﬁﬁgsidmpmgfbo%}@oﬁde.ﬂg%é,%si% 586. Although a certain
anount of data processing rmy occur downhole in some of the devices, it is
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of the: ata% IS ini %%??I l'}/l conditgoaggﬁ%omhol enE)Eji or to being forwarded to
the surf38e" BHER coNtFEPY: BRVFLE2 0108 TR Ol Baedaforipomspr ocealk datavamidc h
acts @s BorARhdLCAE 8Ent (TREEE 44 c%hﬁﬁif%@"@%?éors are normally not used for
the processing of data. Stch downhole pfocessing is unnecessary since nore

t han adequat eAbdindgh dtdertiim gmowntdefddaro peenshied magasa@ut dotvhRolsUn fsagR off Bl
rocessi . Al .of the wnhol e devices are electrically powered fromthe
g urface g%’d‘_’%?r’é I%Pfc%eréq tgff“r ‘ihEak’Iu“&O%@\‘Ré‘ataaRfPEﬁﬁ’é’d. OCApR ﬁdﬁ@ﬁ“@’%ﬂ‘ﬁa Heumheilothe
. control gdayiChsiABYcdhauntoned Hodhbk prikp tﬁ%%g%%%deév&&ecﬁg@gée%%& Borttrol e'

preferably electrically controlled.” The surface processor diTéc
t hree el éa¢d cdawnheles mzlndes e henistopercessgr adsanbicys 26 to esdtidlee andhgewer
raulic ampljfiers 170 actuate and

h d ' | i fi 170. Th hy.d
r oo 1Y ool abFRE Bhp i T el PR e e err s 8 dshy oAb altgies e 50
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assenbly 20 and 20 thus bit 12. Each wedge ne r has vari ous positions
whi ch t ricaREeesties t he engagenent  with the angle caml 80 so as to dictate

a particular n ngl e an ir.ection  of .t tool face of the bit 12. The
near bit ori eg‘ a‘?fi @'ﬁgésoéhr’\rg"é)?e gggc?ssarﬁr%?%?‘ﬁagﬁ’ypf"%%figomn‘h? F8TTRER SRt @ pllt he
st eer i ngele@sisaAlbpyweOactddied. neathobi sk ABWAhbRNCHRRT %Ey@?sﬁ gﬁgﬁfa%é 3&P§aulic

includes an inclinoneter and 25 nagnetoneter for provi
i ndilPat | GIRRSMEREeSUGh cemprBenty Aredieferabhyelottricidy bottrallzd. The near bit

orientation 6 firns a . ch e in the directjon_of drilling
after a comsgﬁ%ghggébgg%\égsgggl oHRET etg? (itp'%et gheciifiematyt o 74nal 4k §leeERgi on
of the tmetmblg® wfachivee bhd powdr thAMYEXIlFBBHSRY 870, TRBsSRERRD ar}xgﬁﬁﬂ‘@ta
fromthe pear bit (grientation sensor 556 is sent to the surface via the

sl ower agtuate, anG 1 IPTeGHE e Hees indbddral vaBize menberatod angagingtas BQlS8M

586. Th i 1 I 556 is.utili
o ogr ese oion AUFRR HBbRGAhg dnd it ERNTHF AR 502 an e st Grb e PN B e
packége theSUitile. Hadposdge mbober S0 RaeaioubipbsiBlbhe Mhathi BAng R8BS MHe ApBeement

typically by 30 or 40 feet. The surve rade orientation package 554 nm
i %& ud e'\X}th Yh‘e angﬁ: cam 80 so as to dictate a pal}tlicglar bend angle and dircctf%n of tf?c tool face o¥ '

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 disposed above the near bit orientation
* sensor 556, fypicaily 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
28



t he HDAS (Devel co) orientation sensor. The orientation packa 53@
typical Iy includes three 28 17 JUN 2004 WO 01/ 46549 PCTI US(i ?b 902004
magnet ometgl ;a3 three inclinonmeters, along with other sensofssdessze
determ ning tenperature and other downhol e characteristics. The data from
the orientation package 556 typically includes . three magnetoneter

measur enghighetdrigias ahd direnBhenctomsasiong wett sharndnsarefipeestminng Empsratatca

is sent to the surface via the high_speed bus 578 approximately ce.a, b.
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modul at i e SGhEIRBaP! foviiiele COLHEID! atel QRN Y hiRiQANRIDGWoAt febdlves -
provides a 65 kilobit per second transm ssion rate, but it is expected

t hat 10r anshhssledgematte sndfdatkeBomki the bidigidpar deedwin devicesr el wiragspithihem to

achi eved. , The ,conmands transmtted fr t he surfac rocessor. ..514 t. e
e vi sdbg SHH Bogawrarid it utisry 18esprauy 26C FRaGe R eittokled I
(FSK) - modglalel Rmac hprRibhaths tsﬁp&wisg?anioaamsw SSicRpiYy ahaltiplexapRy otteraiel y
2400 baud. 20 The surface processor 514 includes a conputer having one or:
nor e al goramagmgo ftbe dasitbd udestinaiipnt helhse supertigpey anefiudh f80aprabeilyt HenBHiof

the tool face of the, . il bit . T j i h
sur face prougEgsy S aBscutd Wi el AR R A PE Rk sk e
t he stseeripgulasse fdteyhe? Grd Bisadptiempldted. budreanygkiee @AM dhodtatiamprovidet hets

nose 28. Alhg)(_)rithrrs for the surface processor 514 are advant ageqQus] ¥de si er
to wite Hipitmr sesanddranpmissiongaies PR 15 expegissrihe) teanpiissiopiates 9§ dpY kilppits
shoul d .be i at p ' I i

ot ocessorPTE g Berineas bf atiBiel s iR B RERTRAR Hedirfale L A0F

i n steerisig RSHeRHparvidbrydasduledsd are pRfahbily nentousiay 4 Hreyhaicykshifdkeyigg €FIKY
direction. The surface processor 514 provides a way to "clo t he | oop”

bet veen tHedaHen SHOMS A6 FSPRABrY GESTREONHE ATHEPESHANEZORIEREI devi ces.

The syyface progesses egibréce%@& 511'h4r ﬁﬁiudeg‘{ag?&ﬁqmaohm%pé Qb &Yl fgHithMs for

performan action an serve the resu the results are
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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not what wasiespected,- or if the data acquisition devices | ndi t he
need for a different action, then the surface processor 51%@8%‘%’5?’8ct t he

control devices to adjust their actions 29 WD 01/ 46549 PCTI Uﬁﬁ?@ %L
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position and or n of the bit 12. 15 The surface processor 514

Lentati
pr ef er abP YT ggﬁggeglo glategranghdesodes, theppnsmitied dnfoametdon ipddrck 604, and in
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par anmet ers xq%n%ﬁl'l hin the ranges for the objective paranmeters, neaning

that thedPi| t PAIMEIETSHpeeifying thy dawnholrepesition and owsntatina of the hisd2no
actimn 20 is Tﬁ&&ﬂfﬁi&%rbb@ss&uSi@(i)‘?ef@fa%&gﬁl%ﬂfde§]a4s te‘%fgl{@g‘:&‘% ﬁérglgxe%)sd' based®

wel | plan may be ..continuously updat as actua suc
resi sti vinop, 2 pradetarmiand "will ipbdnddhatrspecifieeterdesired patk-ofebe byrHokfoMhe well.

downhol e, |f example, the ¢ ari son shows that the bit 12 is no
| onger g[Piq]?qkn C%I’I;PQ[W aCH BEGCFRRET 3??88@?6@5 Hicpctyrh oy nbplerRpcaeferagrinshige

di recti agbidcsi drantes, t S : n :
jdcdiveadrantesh IthéFHcEMepaP&ﬁfti@é e “@1ééﬁ%imh@9%f%§%ﬂwe

downhol e to change the direction of drilling in ste e sur
pr ocessdrrandeisgmgaring thas thradrdl! by 12He doling Bbngroeesisedivell path) ddnaro dtgiba

ass |y 0 ompensate for the.difference between the actual and

obj 2@? | \}%_]Igléérnar?g e{ﬁg. PL_E%“ KR f TAHES et HaP ambberée!l] WA M8y bRat

the drildohfiguduslyossdatdd Hticail Shﬁ?sdclﬂeasquiﬁ%ﬂy‘,’ﬁ%rﬂ'fa, gﬁ&lmﬁléa rB{;z?sgrqu ¢
I or ction o ri

surface processor 514 determ nes a new angl e~ a Ire |Sr1g
for the #¢tecgyed frompdeynipdeid i s then sent downhole to steering assenmbly 20

to take corr e[?,t }o\fecx%.rcr;[p.é?r{hc %renparison 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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or nore of the three notors .174 are then noved to redirect: ??@N Zgglﬂo
the new angle and/or direction.. In any case, the surface gg)ro essor 514
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ﬂ;i/lal - ngrna)lzt rs]rﬁ:sg?@atq%gﬁgia?%fﬁhiéﬂ§nle?rﬁgctlllr?c[sgglgy l%gru%ecrll %1'18‘1 b;'r rr]r(lauclb Slglge'pe%rget\l"@ H
when used with rotary drilling system. The system can also be a closed loop system in that
no commands are required from the surface for the steering 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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30 directy@ ges required to steer the drilling because the correct -
anount of bengt}%ﬁd offset required to obtain the directi oﬁ@ﬁﬂm%fe
e

used so that there are no excessive side |l oads and becausehf['l]e

can be ruppkt ho@ShaS6 OIahNQteRihS DERG, Ibi t hough the preferred
enbodi memr?ltEh of the directi onalllh%eag g%sr‘hbfdc?%%%%?tﬁ ?‘ivﬂgf’%Qn SC Abfhiouky behe

change iARPBEHEGHH Sharrppariahs enil onctinddstihey beowset fHOskekIRG t%iw&moh§ﬁpg§ttot 0
the 31 \g@ng%(ﬁg%ﬂtg gﬁl']e/ OSUQ 33929, ki 7 JUN 200k upper housing 26 of The
steering assenbly. 20 "had FE¥h JURLs oo eanee ihsedirecrion ehdullidg o bit 12.
appreci at ed tidérrigl hgsw aRp n h y.be used for causjng.the
| ower housing 28 tg b“é_nd an%&ﬁsthZt gnd;ﬁltgt ﬁgéﬁglﬁvél?os‘%rf E]noiah?mg@v%c&‘rﬁgu‘%’@l
change ThEhaRIPBANOGRCadingmi plhiatiey of pisiohs 2022, Bedrel ¢ Eghgh@Mt OxEhGoH %H;Dgrand
18, theng i Lt er.nat i directional 5 mechanism 400 including a
plurali t4;614ct) rc%@\t,%r@@igé‘ﬁ?c’ﬂe ;?ﬁﬁ%é- %@ Wgreay dsgilisrairsr (eeyamunié@d with
t hr eade gistdns408a-L@alEMicttet) Babdi i raulic.ports 408

T prate SIBAPE IR HOCT: bEoRRhe ekt nay

communi cate with pistons 402a-C¢ causing rec
cyl i ndePe £a¢sed Py elopyrr marard 7datiliaigondrieymed@niBAUSRE 48)5hSWR Gh i Gurbof 8F 9174

utilizi Ve, ani Sm.suc s shown in Figures 7 or 9. For exanple
with re?%feg’%aq‘ﬁ%é’%“gﬁ?? f’g‘, to{pé$‘58h’pfa§$f‘oPi§f°ﬂS7‘676r@9y aett onolny g icapartsciOB er wethd 08
or ¥ t hrckPeatas Fegire o2 hiv@ratR r ' S .pu 52.
punp hydraulic fluid ?h?’oughe ?ﬁg%’rg)&ﬁia?lﬂgo tg%af§?‘§8t efgfﬂgﬂgifﬁv%ﬂgou%
402a- c. DYgreehicpers 18 to aptuait pistonis OB gurAlemAivehd a2QhowAGH PR RES | MR 00 MRy

be subst/ r. DI ns.402a-c and actuated nmechanically as shown in

Fi gure %L%tﬁ él%lchlngggrgéﬁégz)Slgqsflg'i?pe’g’rtpb“%e‘ma?‘ct%é agryated medhanisedyres eewor inbed
wi th reFjzect 19 by linkagy 832 ZitacBed @6 of Holy . eng .an, ext ensi on
member }zél24 t by eaded %Hé) knuckl & ba|°|e§§%f§ & %lleé%dg‘ﬁg&ﬁ%g%ﬁwagﬁﬂwg %20
r eci pr oCEUES| In S eigh g etan P 20rengagceamsixomsivanbeniser4Q4 toeadsdo knaegaessl Bvel v,

t hepsext gRs| N 424 cause | ower housing 28 to shift the axis
T2 o psrhe BT BFEu N PR edErsE R rebreneptg Trarl arppembhO U9 G438 ¢ 0
change tebgectieelyl, thndkension inteetBerOM0Dbr Hid cabie 10RE BbLdi 8 (BL W €924

t here ils shgwn..a §$i I.I, further al terrn_ati(i/ae enbodi E%éﬁ?g%?%tfvﬁfgﬂ ‘516%3972 of

di rect i ‘ONAT "REWHan? Sfotespacs i thesenit 74 9§ eppérdmusibrasctol dmakbe mechad mad30

i ncl udegireafon 8KbiENSI on nmenber 432 rotatably attached at 434 to knuckle ball
32. Knuckle ball 32 is supported between knuckle joint housing 36 and a

cage merber 4B amec Bguuticticrdbod 48 o NEHAL CERRGALANE B
wi ?Q. n %ﬁﬁ@%@_’ﬂ%‘#ﬁﬂm?,ﬁ{ Ol o PEESFRgINeghigide DirtGona mochnisth MGDainakliys 26 and
LAl e e ke e B R BT S Jriblonen 3305 anc

seal i nguppertidnbetweemikenckle joint housing 36 and a cage member 436 mounted on upper
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 4350, causes extension

member 432 to rotate thereby changing direction. In operation, when the pumps pumping
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444 to bias locating cylinder 440 away from extensi on nmenber i.ng
cylinder 440 receives the upper tapered end 448 of extensi on@?nb@jmé@m}

Ext ensi on réaoe#65482 i ncl udes a plurality of cam slots 450 patkiseizsvdv ch
receives a campin 452 mounted on |ocating cylinder 30 440. Cam sl ot 450

i ncl udes pﬁfL al Iﬁzl, c?m surfaces 454a and_ b wher eb?{ as cam pin 442 noves
Wit hin carffen gy iromdhe surtess e fsaed alfolopatipgteylinder 4@rmeveb anidllpugiverd due

Locati ng i IS “1.C . not or uch as notqr 174,
i1 owi ng Fogatiints S PokR IREVERTEE, ShRAUERaRN g TREbn ob B esindiygt0
rotates, ceomepidowas2cdiynagainshstemides 66 of Sdke mianteea3ext ensi on  nenber 432 to

rotate thereby ch i direction. In operation, when the punps punping 32
i ..7 JUN 2004 A8 /ﬁ%gkﬁé‘veéﬁﬁew mgwamlmlu%s 41 edadniricrpyaferdbdy bavihgoe
are tugnedah [ [ -4 iall y, upward due to sprin
446 as sh%\/\ﬁggug é?g%?eﬂgfl&yé\/\h“gﬁ&{ ﬁse[}lgueﬁgge E?egi)t(t“ﬁkhné@ S\é\?cn?lﬂlé rPBIEé b ﬂ‘S lower

.cyl i nder 400sing88asd domtated ciithiagei upper BORH LIRS cARf p0he CRAAsITR HRSbef B alter
Anot her al.ternative directional nmechani smincludes an eccentric preferably

hdving a 8 95PGARElF e)d gRellaodeniaiinnenithFespertite therpran irh gl memer habsing 26e It can
ext ensi on ols) LS,." . e ithin the er

housi ng 2g%gﬁg{hﬁgﬁcﬁgﬂﬁ%&eﬂgyg?]ﬁngﬁgoet?t@?g&a tcg‘%C?ﬁ? ?nso %reﬁﬁlcgﬂg‘ieeeﬁj%ﬁbc motor
angul ar orli¢desribod imtherprefespd emtodithae. aAd the Zdcedtrid BROtatD s HGs 26 of ldw&an

be se tt[ﬂat .sug?.ar}f [ enbric ma tge rotated by an electric notor, nuch
i ke & ectPIUTEER & Shiled i gEtheRe T 2 Rd Ml amert eepseiadil near be Ascn fhat the
eccent ri CidveerHot: i . - I { jfded with
respect to tﬁe a%h%@gghigf@ ﬁﬁggi}lgﬁgﬁf&jﬁgﬂ?g%ﬁﬁ&gﬁk E:gu@eéhglf%?{i%he | ower -

housi ng 28 shi Anothsn alisenagivevdirgaionploimech@0smi inbludes paot sdpardiP pRVicBOUS 1he
28. Anoth rernative directional, mechani sm.includes two separate devices
in the ;F%%I?]Jilmggsgg}sbbﬁg?&/C?W‘%Q}?Qpﬂlfcf‘ He fud canging AR L i raNg amgufear
orientati oibngiiy ferben@naRt Al bARh&eRE RBMiLe %H&I%Bﬁaﬁaﬁérf?r ACRN G rautic
angul ar orientation. A set. of hydraulic 15 val vés and pi st ons engagg the
ext ens? onValeehaRd Pt aaIgass the Benrbiem gleentendo &hangeathicrigend neeghee kndva trbating

bearing a -an 0 ate the | ower housing 28 with respect to the
upper hougﬁﬁ{gmééq@og%ﬂ%%gdés%ﬁlgn@gt TRr refgle Q'ﬁ;lﬂﬁ’ggihﬂuilﬁ% zge‘ﬁ’dh AFRPEE Qnike
t he changeppen hoasigh €60tol €ifzhat iogBnwEBhd 1R NALPENERNbe Rl 2 EAC @ L anbE in
shoul d be aé‘grem ated that many of the features of the present inventrion

nmay be 2#&uapeyiqnowoyddeinddpendent @ eaaipthersenbl y whi ch engages t he

bor ehol e wal | ang| . anal.e, and _angul.ar orientation of the
| ower housi ng ggﬁ&ﬁ@h@%@%@? &fj (}R?ﬂ%aﬂ%%ﬁh%g‘ﬁ‘&ffﬁ Olr%& PIESCnS RYANGIGR ay be
di sc Uik edadaptedhfoe ubo diientBeriigLadsesd! i ahichadipBeddUie HRrdndf wEEYh 82nHd%nen
t he borehol ga\#\lfgl?:@d%ﬁn%usuc‘h appar atus and method includes the use val Ves

and dri |17 B PBRRfageR a5 thedPpwephawing 2hwithaespoustone opper heusing
steering @&SREYB&)(&O%HSJEEJ&@&@C}E Eﬁf‘ch’én%&ﬁmcms are less desirable 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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25 housi WP 2Bd6s4anges t he bend angl e and direction of axi sP@RuUSGI/A3eeEr

“housing. 28 with respect to the axis 74 of upper housing i
anj smincl udes housi ng_ an eccentri@GZem‘gy ?cﬂa%i n

anot her di.recti onal c

The. ARG 2B ofothe SRS o ke GERTI HeciofEerimi o Sifgtesatriche
driveshgfdnik4 Wi thin wupper housing 26 and causes the driveshaft 14 to

defl ect as the camon the eccentric is rotated 30 within upper housing 26.
As the driveshdlf bthes edefoliotresl of m wpmblehoyssémgar2 6disdib@ddowl, 8.1 gamsioamd of

the driveshaft 14.enga | r..housing 28 causing it to deflect with
respect 2PRIGERPRE cnﬁ&&%ﬁ@ﬁ%%\.ﬁgﬁ@cg%‘?bcﬁ%é% ongitled "Befingcywsgnpyand U. S.

dri vesh 14,1 beng, I ; i L o

achi Bve e T R PR T art May, R, ORI POBNBISNER S
01/ 4654 8erRlEy dSARIBSD Rerein B2 Orcedadi indbl R [satait @pplicatiole SeaadNs» I, joed t 0

embodi i oon 4o 8o it SEEBlE et S e s A restop Syt Nistnod:,

appl i cahiep %B'ﬁél'até@neréf%?@@fen%ﬁée. filed Cctober 27, 1997 entitled
"Drilling stem and U. S’ - 5 patent application Serial No. 09/081, 961

filed May 20,Thgpedewed brixb@iimbﬁlr of the pees&yisinesdtionltalks bhdahvahiagentar pdosd sst
hergin b r%f er encg &nd {’n u. E pat ent %glgl ication Serial No. 09/353, 599
fil JH@‘ 4CX 19880 adjystable pemBEse e ERbe A qreie | walh o m&salc @ disg during

Di recti gAfingdr ldbég a%@ty@%yforce@ &6 ﬂﬁ'ydr.i\}Egl%fpee{\ﬁgrggd%ﬂ%@ﬂcfpt&%‘aﬂsﬁi?@tﬁggﬁi‘et The

preferred erbodi nent the present invention ‘advant ages
does notoadkdditergheide ext ernal adj ustabl e nmenmbers engagi ng the borehol e wal |

to create a draq duri drilli.ng nor. does it apply side forces to the

dri veshaf t cg‘ﬁ'é’%n& HFF“\%@Sh“é‘Pt’O‘h‘H%PF é’qutﬁ‘?tmﬁ?)‘f”r?’“sgﬁé begrp £BOWR 2% AgirEibeduni | e
a pref eroRdiRIBROILERDE caf bt hade® i R i8S iri

nodi fications thereof can be nadgﬂg%sgﬁgﬂgﬁﬁﬁ€gg‘?h thg%%??ﬂmﬁﬁﬁ%ﬁﬁ%@ﬂﬁ
(kﬂk§tiﬁ§ﬂ$ﬁﬁﬁmﬂﬁ@ spirit 15 of the invention. 34 EYJ. Wiat is clained is:
1. An apparatus for steering a bit while drilling a borehole fromthe
surface, the bit being nmounted on a shaft, conprising: 5 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
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said body during drilling; an actuator novably nounted on said body and
engagi ng 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 said actuator having a fi rsth i mRRG,
altering the nose axis with respect to said body axis form %“%4‘11}&;‘?@@4

direction of drilling of the bit and a second position altering the nose
axis W th rwgpestlainedsai d body axis formng a second direction of drilling,
said 15 actuator altering the nose axis fromthe first position to the
second position while the bit 1is on the borehole. 2. The apparatus of

claim1 wharein Apdgdaatk festicrihgs bt d@fle aRlligh 8 bichSle Wohhe sGPRESRIBH tO a
pi ston to nove sai d act ug%gr between said frrst and second positions to 20

change bot e'é‘%?*?ﬂb?‘ﬁdz?ﬁ&s I’BMBE¥HEen said body axis and nose axis. 3. The
appar g_t gs of cl @Hﬁﬂ?h&\ﬁﬁgﬁﬁgsdoﬂﬁhdﬁﬁdﬁg sﬁgp@w&?y 5%@&8@}{116:&%, surface »
provi di ng pover .t hrough ¢ uct ors extendi.ng from sajd power source to sai
not or andsgﬂ\éﬁ’fm?ﬂﬁgnogaﬁﬁ?‘g’ém&%ﬂ% %Q@#g%@%% °“&i’§ﬁ8§8?ed“|qbse t hr ough
t he rot ati aaidaost op2tatiadydiregingah@shiaftahd sathd taditietabhg with rdfpectappar at us of
claim1l furtagggigclud%ﬁ@?a processor at the surface in conmunication

t hr ough coridh e f1g from sai d processor to said actuator, said
act uat or engagi rag astaitdr mossbly Hduiited én said bty Bk eapapeid Y osbid mbvotiet he

surface,to drill. a bo I t he hi,t .bei.n mount ed,on,a shaft, .conpri sing:
5577 0N 200 ik Bahen B Bocvild s ioiti Ahnedhtat ayehis ui s efle ot eor f g
assenbl y haesped td the body adixdat said goinked osrinectivg; amhnect ed at a j oi nt connecti on,
the first and s rtions each .having ap axis with, the first and
second porti ons%glg{;l g?“g%f éav§%%§1;sf P?f&%tegﬂ%p}e;nofs%%ﬂvﬂb resPEG S $H hol e
assenbl y haveidngxiafamirgor first dieccioreef drilingaefthabit ynd asebohd posifior altepinghe
borehol e o i I i th carries ial. 1o .pl aced on the
conposite &eﬁﬁgg%?%mgé%b %?%v%aggﬁgg%mmgéml%g% Te” %‘f;@%fe(%h?rh%ﬁa%ﬁ}gfgs %ﬂ%l y from

t he suithacecibtonaltghing thealobe axfs frarh ghedoshyositive tocthe beednd pdsition; wHileadlnsbit t t i ng

data from ﬁéq&tﬁgﬂﬁl‘égoléo a processor at the surface through the wall of 10
t he conposite colled fubing;

2. The apparatus of claim 1 wherein said actuator includes an electric motor
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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processing the data at the surface to determne the direction of drilling;
and transmtting commands to the steering assenbly fromthe surface to
change the direction of drilling; and altering the axis ofgﬁk&drst portion
of the steering assenbly with the axis of the 15 second pé QQ%
steering assenbly at a jointed connection between the first and sé d
portions, the second portion being non-rotational during the altering of

the axis of thgdhinglhd2uft ihBfish §steéld£%5§%91@1yoﬁle§@8ﬁfg%§ehﬂgfﬁabﬁ digection of

a bit while r|II|ng a borehole formn bi't bel ng nount ed

on a shaft Wﬁ@ﬁtﬁg‘)m%n%q‘iﬁ‘?fbW@%é@iﬁ@@ﬂ’@@%@“&sseml Y,

the steeri ngviag %M%ﬂh@;&ﬁﬁﬂm@é@&ﬁﬂp@ﬁ@nﬂr@%ﬂy&ﬁ Fhhaftect ed by a
j oi nted connectﬂqon and. t he llpfg @ rot at abl y supportl ng the shaft
F 255ERY¥

and bit; | oweri RYERPHY PR ‘F?g%\f’@ﬁpra a&tﬁmnésewéﬂwﬂ%% st eering
25 assegbl Jinto Hieborépldet ifosite ebiled hibiig that@aies @@ 18ada)pldced 4 itRg the bit

and shaft on _the, do e notor and applying a load to the bit; and
adj usting éﬂ@??‘?%\qﬂ“{]wgmgomer section with respect to the upper section of

the steering agseidhigpodier @ thoboroathdomsantly Gamxat Wetke ticughppedl ¢gnd | ower
sections Ie 30..drid Li by changing the angle of the axis of the | ower
section w th SXHRS ‘5‘? g Q %B’e section while drilling and by changing the
azi mut h of the wmadssittihg tite floowie seheattd aproviedsbr attilesurfapethrah theomal bl | e
drllllq thha e. the‘f(? L e and azimuth of the bit and thus the direction
of dl‘l|ﬁln ?énr‘%‘? W& An apparatus for steering a bit while
drilling a boreprob&ssmgﬂmdaﬂaatémlsﬁxﬁc::eto détenimﬁdthebﬁécngnnwﬂhﬁgjgﬁm a shaft,
conprisin fir havi ng, f irst..and _.se axes,
Fospectivaiy,  epstifing SRS HNERAPEIN TR, LB PRI BB R housi ng
rotatably slinpgemtdfrg!lingeashaf t and oper atively connect ed to the bit; an
act uat or novabl ed.wd hd '- in agi.n ai d
second housi ng %g%ng\%ez}q%s‘g&f;ag%gt@% éﬂthggteg}r%arsaés?n@ @%?%gsgf?l& housi ng
at sai d5 j stepndgodomdshe seermgasseitbly attahems@hmndecmmnbemdeh thecfirptersid t o ]Ehe
first axis [ LoD, af ' ing a first
posi ti on iy erichs 86 Shond iR GG WOl o @haF BufhyAfit kil 1R

axis of the first portlon

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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first axis formng a first direction of drilling of the bit and a second
position altering the second axis with respect to the first, axis.formng a
second direction of drilling said actuator altering the seé%ﬁhgﬁﬁﬂkéﬁﬁgn1
the first position to the second position whole the 15 bit is in the
borehole and with the bit rotating with respect to said first and second
housi ngs during drilling. 8. A nethod of controlling the direction of a bit

while drill7ng asbappehalsdor ik 8 Gitavhir!drillidgeboddHol i theRtdecthe®t @ shaft

conpri sing; 20 extendi ng tﬁg shaft through a steering assenbly, the
steering a §WW§F§\HW}"“ PFEPPTHE | ower housi ngs connected by a joint and

the | ower housifigt sdyecsrd i@singehaihgfitst antlsdabiid aled)yespebivety,t@atit om hol e
assenbly with ageg%wnhol notor .and steering assenbly into the borehole; 25
t

rotating t{f&"&K yﬁamqutcoa%ecpﬂ]é, downhol e notor to drill the borehole; and
bendi ng5t he | oveaid secarslihogsing trétatablypapiortiig: thé shaftppé bpdistiglyn@naéctddie | oi nt
with the Upner. housi ng being non-rotational while drilling by changing the
angle of the “ghaft and bit with the downhol e notor and the azinmuth of the
shaft and bit wintdetiaer molabhhmbented mathint srid firt hbashepatsl engagiapgsidt he angl e

and azi nmut fthe.bit | 3 uation and th he, direction of
drilling. g?‘%flfﬂa"?ﬁ?}%\foéﬁg‘fqgﬁgsef%%‘?ﬁé‘%sﬁ‘ i Rifect Bhige ﬁﬁﬁ%}ng&%ﬁ%ﬁ’i si ng
adj usti ng titeted enchdobemeeimltehthespad aaisdvith rospert th chesfinsigscismtishid jainietl| i ng.
10. A ggthegd, ofu&eakgo!l Iing the direction of a bit while drilling a

borehole formng a wall, conprising: lowering a bottom hole assenbly with
a downhol e not caidasthatordaemgiafiysigwsitioh lajteiing the s¢edoad bis etithirespectab did ng t he
bit on the : ik o l.e; i ha.the hol e
assenbl y at s R tofifigh fice ifedioh of aififie BERERR o p elfa BB B "0 0

t he downholsecomdewis withi tespeekrtp Khei first axisdfotnying h aeagnd diredtion af dnilingsod t he bi t
with the g[x(yﬁ[la iq 8500 ] b : %P& i.mut h of
the bit an%_t_ _ug!ﬂt rfggtt%sf}é@td!ag}lsd%@me{ ft:p%SﬁBlZW%%‘%g? ng[?ogﬁﬁg)é uat or
engagi 1§ a bifanisdhe bersde andowithihetbitirpiating with sesaeljt tstaid fist andgeeondand azi nut h
of the bot thgggi};@lcﬁmﬁgagﬂ{gky where the actuator does not engage the borehole

wall. 11. The nethod of claim8 further conprising sliding the bottom hol e
assenbly al ong the

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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borehol e wall while adjusting angle and azinmuth of the bend. 12. The
apparatus of claim1l wherein said actuator does not include a hydraulic
distribution system 13. An assenbly for steering a bit in ﬁ@)dﬁ@@m
conprising: a housing having a first portion with a first axis an lEond
portion with a second axis, said first and second portions being connected
by a unjvers [oLnt, .said_first porti.on .being operatively connected to
the bit? an ﬁ&{ﬁ‘ﬁ{th{?h Oﬁﬁ@%ﬁﬁmﬁ&é@nﬁﬁgéﬁuﬁnﬁ%ﬁﬁw VESHEhg HBPE 3§9gi ng
sai d fikower RIsiAgRRWhilePyEL sai d second portion with respect to said first

portion at said universal joint and alter said first axis wth respect to
sai d second axis; and said actuator noving against said first portion

it ot e Antes! fPbaingdhe fpdioR s Fb feiprila EhoSiot Butns £3A0

axi s fotomprgsing:first direction of drilling to a second angle and azinuth of
said first 38 J 7 JUN ?00; axis with respect to said second axis formng a
second di r eclomsANg# baftpmhokgassambly Ayithas deshiole metor gnd a sieptngsassemblygnto
drilling.a R@BEhOle fromthe surface, the bit being nounted on a shaft
havi ng a sﬁa t axis, conprising: a body having a nose connected to said
body by a uniovaingahe lgiooméetdoemhokanctobditiibthe borehsk; each having an axi s and
sai d nose qperatively connected to_ the

rotatably s 8rti gthe haf t , )
shaft and bi pending B@éﬂ}ngﬁzles%%ﬁ%biha%@oa%i@llﬁéw@&w thangae the #ela ¢fe shaft
axis; afeBfitwiat @k dmﬁﬁakyndzwm?%%rﬂgg%ghgrt);ba%gﬂ%%@mq;m&tﬁébﬁ wigse to

nove the nose wth respect to t sal ni versal connecti on and

al ter tthe dnwsbkolaxigomihile drllipg ot chaoge theenpledyd axinmutladf thabit anditusnsal
connectlon.mhi* .alteriing the shaft axis; said actuator having a first
posi ti oHT&HPRP %H%PH€MWOSe axis with respect to said body axis formng a

first directy@pidalg 45 dchia'td}%ngigiﬁ%ﬁnﬁﬂb&ﬁﬂoﬁaﬁﬁ%ﬂﬁh@gﬁ kd hBlstFhd SlHH9 he
nose axis wth respect to said body axis form ng a second’direction of

dri |l |i rgd aginauth oif hecbattebi e assemhil Where thoracomtar dossiyotieogageshsborthale. 15. A
met hod of,,controlling the direction of a bit while drilling a borehole, the
bit being ™ nmounted on a shaft, conprising: extending the shaft through a
steering assenbly, the steering assenbly having a housing connected to a
bearing, pack_by a universal joint, the bearing pack rotatabl supporting

t he shaft anbrdmethod gheprinhg wARBHEngsidng Bisdotinm haleessemblyalengibey into

t he bor rle: ] i : i i.ng operatively connected to
the hoLarae or Al Raialiusihi e Md bl dfche Bl

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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beari ng pack and universal joint; rotating the bit on the downhqgl e notor

whi | e mai ntaining the housing of the steering assenbly and th mﬁqﬂUgygﬁﬁg
stationary during the drilling of the borehole; and applying a Torce from-
the housing of the steering assenbly to the bearing pack to change the
angle and azinuth at the universal joint on the steering assenbly while in

the b 0518131 %rlit% r%s%egt 344 sggo%d%lx{s 0%11'11%@ aos];coqll;il Jirlelct?(%‘i 013 (?rilling.

14, Anassembly for steering a bit for drilling a borehole from the surface, the bit being
mounted on a shaft having a shaft axis, comprising:

a body having a nose connected to said body by a universal connection, said body and
nose each having an axis and rotatably supporting the shaft, said nose operatively connected
to the shaft and bit, said body axis and nose axis being coilinear with the shaft axis;

an actuator movably mounted on said body and engaging said nose to move the nose
with respect to the body at said universal connection and alter the nose axis with respect to
the body axis at said universal connection while altering the shaft axis;

said actuator having a first position altering the nose axis with respect to said body
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; and

coiled tubing extending from said body to the surface.

15. A method of controlling the direction of a bit while drilling a borchole, the bit being
mounted on a shaft, comprising:

extending the shaft through 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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