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PCT/ GB96/ ON0Db8r31679 A SURFACE CONTROLLED VELLBORE Dipichtdndeivbsis
STEERI NG TOOL Technical Field 1 The present invention
relates to oil and gas drilling and nore specifically relates to 5 an
apparatus and nethod for selecting or controlling, fromthe surface, the
direction in which a wel |l bore proceeds utilizing standard drilling

t echni ques. Background Art The formation through which
a wellbore is drilled exerts a variable force on the drill 10 string at
all tines. ThASURKAGEONSRQLLED WELABQRE PIRES TIONAk STEERING TOO0Lt ar y
noti on of the bit. the weight applied to the drill bit and the strata
of the formation. Formation is a general termused to define the

material - rRERliYal FRdK. sand, shale, clay, etc. - that the wel | bore

wt || pass through in order to open a pathway or conduit to a producing
formation. Thei presentrinedntion i‘dztesatowiill andrgas dtilling and more speeificatih sdlgres ton
the direction of the The formation_is generally

It b .
| ayer ed By taﬁe@&é‘??"ér?\‘,\‘ﬁ ﬁg‘{‘ﬁf@ sslreting o1 congrolling; fpmn the siwface, the diregtiogoin

i oot 1on ofviEt wellbfe pACERL Wl sum Sl "0 70, Tend o1 Cher

upward or downward. As the drill bit noves into a dip or fromone
type of formation to another. the force on the drill bit wll change
and cause tMmd_Am to wander up. down, right or left. This wandering

5 the 20 naturgl. deouh el EeaciRnof phidd ol O T Focd heme ar

10  string at all times. Thas variable force is essentially due to the clockwise rotary motion of
the bit. the weight applied to the drill bit and the strata of the formation. Formation is a
general term used to define the material - namely rock, sand, shale. clay, etc. - that the
wellbore will pass through in order to open a pathway or conduit to a producing formation.
This variable force will result in a variable change in the direction of the wellbore.

15 The formation is generally layered by the action of nature over millions of vears and
is not necessarily level. The formation will have dips. defined as a change in direction of the
layers of the formation, which can extend either uﬁward or downward. As the drill bit
moves into a dip or from one type of formation to another. the force on the dnill bit will
change and cause the drill bit to wander up. down, right or left. This wandering is the

20  natural result of the reaction of the formation to the clockwise torque and forward drilling
force exerted by the drill bit on the formation. Mathematically the result can be viewed as a
simple vector cross product between the torque force and the drilling force or weight on bit.
The cross product results in a component force towards the right of the dnlling force. The
industrial term given to this effect is "bit-walk” and many methods 10 control or re-direct

25 "bit-walk"” have been tried in the indusury.

Bit-walk is predictable. but the magnitude and. frequently. the direction of bit-walk
are generally unpredictable. Looking at the vector cross product model. it can be seen that
as the drilling force or weight on bit is varied the cross product varies. Or. as the RPM of

the drill string is varied. the cross product vanes. Or. as the formaton changes. the cross
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force exevgéggzmgthe drill bit on the formation. WMat herratige.lr)cﬁgg,mdesult

can be vi as” a si npl e vector gross product between the torque
force and the drilling force or weight On bit. The cross product
results in a conmponent force towards the right of the drilling force. The
industrial termgiven to this effect is "bit-wal k" and nmany nmethods to
control or re-direct 25 "bit-wal k" have been.tried in the industry.
Bit-wal k is predictable. but the nagnitude and frequently. the direction of
bi t-wal k product @hshgee neih adrilling1apweliboes. addll of tesolforog ednstaitly varyt aiusctiass
product nodel. it can be seen that as the drilling force or. weight on
bit is varmaghimdeoftivwalksonwamgy changes s Theindugiry has leamog t,gontrol the etferts of | |

tri ' aried, the. duct ' : t A .
e 19 LS ke olBRic 38 5R VRYHE b Wb andSeigior HPwh B VeHRRDCS
PCT/ GB96/ Of}}d SHowever, in an inclined (non-vertical) hole bit-walk causes a number of problems?

product changes. In drilling a welbore. all of these forces constantly
vary: tshus the By industngdefinitibe, ofcelantinclined holeris eniablishedc tha sige of terwellborrust ry

o S Sl e o 5 e g
probl ars, b 6% BERGUEORAE R, 4 reliie poinsBoliglhlt B A BBng

establ i shegperitft. STHdadrilling fofce/follows di longituditah madsionooft thel evellborti thad. thes
called the ™l owside" of the hole. The opposite side of the hole is

referred t drilling fm:gis-mraélel'tomg spaced &om gxg lgv.v-,sgie(gféh&hpli,o ince btvallgisshe ¢ he
1l 20 ekl P o o i g b 6 o S8 b Bk
2411 B T e T g an i L
t hat normal bit-whi la; vertical hole or slightly inclined hole, bit-walk may be controlled
developing as much rigidity as possible in the lower portion of the drill sting near to the
drill bit. ‘I'his. can be and generally is accdmplishe‘d bv using drill string components of high
15 rigidity and weight (drill collars or heavy-weight drill pipe) and stabilizers. A stabilizer.
well known in the industry, is a tubular member with a combination of radial blades. often
having a helical ﬁonﬁgmaﬁon. ciféﬁinferentiélly aﬁ‘aﬁged around the tubular and extending
beyond the outer diameter of the tubular. The extension of the stabilizer blades is limited to
the diameter. of the dnill bu ﬁus, the stabilizer wﬂl work ina stable hole: however. if the
20 wellbore wash@s out (incrws in diameter due to formation or other downhole mechanical |
or hy&au]ic effects) or where the lateral force exened by the blades is less than the torque
effect of the drill bit. then the stabilizer loses its effectiw"enss and bit-walk will occur. In a
highly inclined or horizontal ﬁ-’dl. bit-walk becomes a major problem.
Very often the driller wishes to deviate the wellbore or contol its direction to 2
25 given point within producing. formation. This operétion is known as directional drilling.
For example. a water injection well in an oil field 1< generally positioned at the edges of the
field and at a low point in that field (or formation). A vertcal wellbore will be established
and the wellbore "kicked-off” from véﬁical ) thai an inclined (of. even horizontal) wellbore

results. It is now necessary to selectively guide the drill bit and string to the required point
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will be to the right of the | owside of the hole. This definition appl ies

in all weydsingo In a vertical hole or sl pghiceysiboasd i ned.
hol e, bit-walk may be controll ed by 3 developing as nmuch rigidity as
possible in the |l ower portion of the drill string near to the drill
bit. This can be and generally is acconplished by using drill string
conponents of high 15 rigidity and weight (drill collars or heavy-wei ght
drill pipe) and stabilizers. A stabilizer. wel I known in the
industry. is a tubular nenber with a conbination of radial blades. often
havi ng a hal theatleleeanffognativhi oln crder torhchievet thisl dbjecare.aropedl aof diensleliboee is

t ubul ar and ext e‘ndli?qr;g ) beégnd_ t he oyter diapeter of the tubular, The
ext ensi on FQuTebinshaththe vesticah plape £1.. 4P |angdidowy) ard n the hopigentalinlanst(oe- R t he

drill bit. T‘gu%the stabilizer will work in a stable hole: however if the
20  wel | bBPR" Ehes out (increases in dianeter due to formation or other

downhol e mechaniag 3tesent, in ordir 1d'dVize'h h6ledéfl GGight. the dheeican EfRsé bR aNeriésOr Ce
exerted by the blades 1s | ess than the torque effect of the drill bit

then the sbfkpeciazdownhoietooks os techiiiquasi vEbrecipdustary dbfien employk dowhbolemotors andn a
hi ghly inclined or_hori zonlyaélewel |, pbit-wal k becones tﬂar |,0r problem .
e 0

Very of t en bemicubs. j Mare regeatiy.the Steergbls metar hasbegpme pap ftsey quular

di rection | | Lty [ f ' | Ssimilar
operation I&J@&E%%%ﬁp%gaéﬁgg% g’ﬁ%&ﬁ“ﬁ‘?‘ﬁy’& 6. QgthF(g;tﬁ%&grrp e. Hllaas'c{/vat er

i nj ection Weinher ahdadtieuité tharkhe drill saingaiok e rrosed incmrdet tatinflleacesgieconedl t he
field and at a |low point in that field (or formation). A vertical wellbore
Wi || be estthéwe ecuon. and the wel |l bore "kicked-off" fromvertical so

et 200, "l 1o bt o SR Bl b o 1 B
poi nt string o1 Wed 1By @ survev instrument, of which an MWD tool (Measurement While
PCT/ GBO6/ 00813 ‘ : 3
Drilling which passes wellbore directional information to the surface) is one generic type.
followed by a downhole motor attached to the drill bit. The drill string is lowered into the
wellbore and rotated until the MWD tool indicates that the leading edge of the drill bit is
15 facing in the desired direction. Weight is applied to the bit through the drill collars and. by
pumping drilling fluid through the drill string. the downhole motor rotates the bit. As the bit
cuts the wellbore in the required inclination and direction. the drill string is advanced. When
drilling with a bent sub and motor. after the correct inclination and direction are established.
the entire string is tripped to the surface, the bottom hole assembly (bent sub. downhole
20 motor and drill bit) replaced with a single drill bit. the string is then tripped into the
wellbore. and regular drilling operations restarted. This procedure will be repeated if the

direction of the wellbore is unsatisfactory.

The advantage of a steerable motor is that the assembly does not require mipping
immediately after the cotrect inclination and direction are established: the motor can be
retained and will drill as a conventional "rotary assembly”. Whenever the assembly is
tripped. a new bottom hole assembly will be configured which will. theoretically. allow

continuation of the wellbore along the correct plane and at the correct angle from vertical.
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in ther ormation. In order to achieve this objective control of
the well g%’?’é’%&“% required |n bot h th vertical plane (iP. IG ﬁ’“&ﬂa down)
and in the horizontal plane (i.e.. left and right). At
present. in order to deviate a hole |l eft or right, the driller can choose
froma series 5 of special downhole tools or techniques. The industry

of ten enpl oys downhol e notors and bent subs. Mre recently the
steerabl e notor has becone popular. although it uses simlar precepts
enpl oyed by t hey dneal it tHeRietper 3P bnp&the @Hﬂbor@%d?eﬁﬁmet\ahﬂf%@\ﬁéa%gn

simlar -manner and both requir@ that the drill string not rdt at ed
in order trmxrmﬁipjwhcxmvemwolsdm/cmbechmgt&eFmebtaknpiethhbmlsmb)mavlﬁt have

A bent sub a émhorga .gl‘t‘):ul that -has a sli g{lt bend to one side is attached
to the drifrPut €Y H@EWVW%V%P Rrey instrument, of which an MAD
tool (Measure d%%' i .1 onal

i nformation to The sur%rba)m‘l'es?gé#eéﬂélggerl C yé&g&éﬁﬁ %Pﬁ%\;\ﬁgga@;&%ghgdn

downholse rEdl@fromtdraches] birwilkén dvehicalbiéilboreaayité in fosiid UrS) Patend 9.961,84b i Nt 0
t he - wellbore and rotated until the MAD tool indicates that the

| eadi ng ecrptitled Slang Drilling Tools for Qib Wellsgby Egmsnnmé Brshirkye d Gairvissnt ¢toal.

Wi gh | d he b A h il
B I g i Ese o bl dp [ PHOE & o Bring ek bathe aopiuay. of fns (B IP; "
As the bity wedges) onf 3ide’p H&H'xﬁﬁieﬂ:atd\rM@nh%@k‘hﬁcﬁé’mb&ﬂdtﬂﬁﬂtﬁ&eﬂ'l@am

direction t strl ng 1.s advanced. \Wen . ling wth a bent sub
and not or 'Eimdevwmms:maemﬂarmahnmam amnffsunqbaclnamdblams ﬁ:eedomhalbl

the entire strj is trip esurfacethe bottom hol e assenbly (bent
sub. dGwnrYE thq]%qsdprgﬁ& W&cy%bbeammﬁdt € 40 Ofige Packer peforey ¢

E)B:rZE “)25 res%@%%e?ﬂre vm“f'?ub@’;e‘d repeﬁj{sﬁ‘gﬁnltt&?ﬁ&%dwowg

direction dé detiee wilsi Rotaker Sutwisavicebpal @uwd trip out of and back intb e abHiBsreage Of
a steerable notor is that the assenbly does not require tripping

i medi at el Thexflisglosure discusee arsecond) origniation, dgvige @bv‘@clhpcﬂwah@leéwam i Bhifed:

t he m)tor S I ntlonal rotary

assenbl y" &g)acg ‘S\Fiémtpﬁ@gsﬁ@?@&g? &Qﬂhg% Bfi %&ﬁ%\agg l%’tefl SHTRGIE @

assenbysy vw&ﬁcabaokwémaﬁﬁwﬁsﬁ welvwcﬂeor etically allow

continuation of the wellbore along the correct plane and at the correct

angl e from vertUchlPatent 4.220.213 by ton discloses a Method and Apparatus for Self
Orientating a Drill String while Drll]mg a Wellbore. The device consists of an offset
mandrel with a rotatable tubular extending through the mandrel and a shoe, laterally

attached to the outside of the mandrel. which slides along the wellbore. The offset mandrel

20 is heavily weighted (bv supplying sufficient material when manufacturing the mandrel) at
90 degrees to the "shoe.” This ool is attached to the drill string immediately aboxe the drill
bit and the remaining drill string contains the 15ual downhole tools for weight. ﬂexlbﬂm
control of mchnanon wellbore surveying. etc. The heavily weighted pomon of the
Hamilton mandrel seeks the low -suie of the hole. thus orientating the shoe to one side of the

25 wellbore. The sliding shoe places a bias on the antached drill bit in a similar manner as does
an offset packer .or the Garrison et al. device.

The tool is desmned to take adv antage of grav irv because the heavy side of the
mandrel \uﬂ seek the low-side of the hole. The shoe is antached to the mandrel on the side

and one-quarter along the circumference. The device i is designed to counteract the vector
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tt follows that the deeper or |onger thegwellbore nore time will be used in
maki ng a return trip whenever tools have to be changed. For exanple
the bent sub may not have enough angle which will always require a
round trip. One of the earlier inventions giving sufficient
control to deviate and start an inclined 5 hol e fromor control bit-walk
in a vertical wellbore may be in found U S. Patent 3.561, 549 entitled
Sl ant Dri | lcrasg piicdiatisofftonquéand dnllihg faoge vEich nerorallp calisdstbé bit ko/walkao thesight et

al . discl ose an i nprovepgent in which non-rotating s|eeve having a
plural ity ofhi§ means fhat a counter pstbe m@e‘iﬂ@é b}a§°‘p‘g§@§d°i¢ﬁrﬁﬁi W $hepel ow

a downhol e . | L | S..dey L Q..a
i1y e psfioh 8f heWho i Bidhe et B boing the gool. et B speks s
away from tjgR-sidenst thewellsstgati¢ shokliebyidvn@e Mght sifcofohe QllBire dnd tHequbiilar
of f set packer -before commencing drilling operations. Once the

vel | bor & i srotatasdtselyswishinthe mpndrelsupplyme diniling: torse to the bit. tThe exearsion ofithet  be
t aken out of servi around tri ut of and b I nt,0 t he wel | bore.
The di scl os%%gﬁ%gﬁfgé%%@gﬁaﬁ \@chyﬁsg{%yoﬁemsﬁtge yg@%e't he downhol e
notor. This ng ' | I%M 1&%@1’5 | [eRbet 1 @l
i nclination or en%%ﬁ%&ﬁ%&gm%&p%&éﬂ@% ol e %c hglsl’s%iﬂ#étdeﬁ"ﬁlﬂ:c rom
true verti gsicker and the tool of Garrisofbet &atmantelylif R Bii-Jvalkyfortsichdngs, dhers dieasels a
Met hod and Apparatus for Self . Oientating a Drill String while
Drilling a msstbsghangedpreremoyed pecessiatingaround @R, of f set mandrel with a

it achad to the Bot St 4epss 34 Mebih BRAGECH By 30 el Vliimatee 11
of f set nmandredl @ Me&%dh@?%di&ﬁgiﬁhtﬁﬁinwﬁwmgn%ﬁwﬂﬁ&ﬁmymﬁﬁﬁ al

when manufacturing the mandrel) ) 90 degrees to the "shoe." This
tool is attBaotebolet oThiktooliis dssentially anyinprovamient tol the Hamiltont dewicd apd joperates in b t

h i ni il [ [ | e. f .yei gh
and the remel 00 drid basie RReRON Bd's i iadel ad2'BAY Gubhdd Sed sl oM

which can accommodate a gauge insert held in place by a retaining bolt. Welbom explains

15  that the low-side gauge insert will cause hole deviation (inclination) and the spring-loaded
shoe will resist the tendency for bit-walk. He claims an improvement to the bearings within
the mandrel. which reduces the tendency of the bearings to fail. The disclosure states that
the gauge insert is chosen to obtain a particular change in inclination and that the shoe may
be used {or left off) to correct bit-walk to the right. If a change in bit-walk rate occurs or if

20 the bit tends to move to the left. then this tool, like the other tools described. must be
withdrawn. This necessitates a round trip.

Thus. the prior art can correct bit-walk in a wellbore. However. if changes in the
forces that cause bit-walk occur while drilling. all the prior art tools must be withdrawn in
order 1o correct the direction of the wellbore. The absolute requirement for tool withdrawal

25  means that a round trip must be performed. This results in a compromise of safety and a

large expenditure of time and money. The industy needs a true leftright downhole tool that

can remain in place on the downhole assembly and have its effect switched from the surface.

Thar is. a tool that will cause the wellbore to turn either to the right or to the left whenever

required.
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control ation. well bore surveying. etc. The heavi

portion (c))?, 9@8“-’9 Ham | t on nmandr el s%eks the | ow side ofp\é?@gﬁ}%@gt hus
orientating the shoe to one side of the 25 wellbore. The sliding shoe
pl aces a bias on the attached drill bit in a simlar manner as does

an of fset packer or the Garrison et al. device. The tool is
designed to take advantage of gravity because the heavy side of the
mandrel will seek the | owside of the hole. The shoe is attached to the
mandrel on the side and one-quarter along the circunference. The
device is designed to counteract the vector WO 96/ 31679

PCT/ GB96/ 0Disthosure of Invention oss product of torque and drilling force which

normal |y causes.the bit.to, walk to, the r ns that count er
force nust be a £i ByeRnon; isp; Vel 2 'éut%é‘%bﬁrff' “trﬁ%& Ahor mal
posi tion ofg Jeﬁﬁ b&sl@&etd}%éﬂdgéltmth'zﬂofé%ﬂ&dﬂbﬁ de@%de soiBar abévsqs

bott om seek | ow-si de’ of the wellbore. the shoe rubs al ong the

ri ght s$ dewetghtddetowbé side bppasiel thehsecentrinbare. 2\ secomd edcemtrié sbe«lreyon/maxhiei i$ he
mandrel supplying drilling tor uetoth b|t The extensi-on of, the

shoe beyonépseried gwugél the horepk angh Supported, BY Jn ,PPERPTigNS begring hor e.

This tool is. kn o S d asg,does
he ot e et WO Ul Uil ffe%re RN SR R

bi t - wal k f%@ﬁ%d%%ﬂﬂmﬂahﬂ@aﬂs“@\%ﬂ'mbtﬂar or rotatihg bﬁn&bammzﬁrec&etm d
necessitating a round trip. 10 U. S. Patent 4.638.873 to \Wlborn

di scl oses is iDsearted throughethel maenpiceeniyid sieexre anc-supported by rpptopriatd bmmamb thatrit
Adj ust g and I n the Angl e of .a recti.onall i1l ed
Bor enot 8 el e 18 dueis O estcnch, DRSS b ey ahogh c

and oper at Radsd i the appropriate standard tool)omt used in the dnllmg mdustn' for ready attachment
to subs, the bit, other downhole tools, or drill ptpe This rotating mandrel transfers the

rotary motion of the drill pipe to the drill bit and acts as continuation ¢onduit of the drill pipe.
for all dnllmg fluids passing down the dnll pipe and onto the drill bit. Two stabilizer shoes

15 (blades or wedges) extend radially outward and laterally along the circumference on either
side of the outer eccentric sleeve. | _

The inner eccentric sleeve holds the rotating mandrel to the left or right of the center
line of the outer sleeve (or housing) and close to one of the two lateral stabilizer shoes. The
exact position (left or right) of the i inner sleeve is selected by an internal dme means. and

20  the inner sleeve can onlyv. in one embodunent. be positioned to the right or the left. In
another embodiment, an internal means may be added which would include a "null" or
“zero-bias” position as a further option. This multiple position stabilizer is technically more
challenging. incorporates all o_f the .c_omponems currently proposed. vet represents a level of
complexity not available in current drilling scemarios.

25 The internal drive means can be battery powered. hvdraulically powered, powered
by rotation of the rotating ma'ndrel.. or powered by drilling fluid flow. It is designed to rotate
the inner eccentric sleeve thtough 180 degrees. i.e. from its right-most position to its lefi-

" most poéition. Hydraulic. mechanical. or élecﬁic 'logic causes the intenal drive means to

change positions of the inner eccentric sleeve whenever signaled. The signalling may be
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much the sane manner. Wel born uses a spring-loaded shoe and a wei ght ed
heavy si dewggg31679hi Ch can accommpdate a gauge insert held IH&W a
Fetaining bolt. Welborn explains 15 thatythe |ow side gauge Tnser I
cause hol e deviation (inclination) and the spring-|oaded shoe w ||
resist the tendency for bit-walk. He clains an inprovenent to the bearings
W thin the mandrel which reduces the tendency of the bearings to
fail. The disclosure states that t he gauge insert is chosen to obtain
a particular change in inclination and that the shoe may be used (or
left off) tecoomplisted by stoppihk the diillestingg bitationf for o€ prad@emiifedd titresérod 8 €
occurs or if 20 the bit.tends to nove to the left then this tool Iike the
ot her t ool ssﬂégtgraisﬁﬁﬂs Imgfluid pressugg pulses.onky some etherapeansi t at es a round

trinp. ) t 1,QlL_af. an,correct..bit-walk in wel | hor e.
However, if chang[;fe%m ;Bg&t%ﬁlelg&op{s h?'%aﬁ‘késtg%tgf Squrerof tl%dfa-“&gmwﬁ"ctﬂlr nofaty

dri 111 ng al be tedloVihdriiing ALie0 The EbNersith Ol i et i brekGire
correct the di recti(')grz of the wel Iebore. nﬁ‘leki:ﬂéﬁngso ut e&.reel?qtaih?ceh‘r%euﬁf tor tool
wi t hdraxal wel knowndmthetindustry,  Adtematelyy, the rowation ofthe sotdtingmeahdre] leass bé asedltys i n

a conprom se_of,safety. and a | arge expenditure of tinme_and noney. The
i ndustry neBERYide ﬁ*ﬁ@x‘t‘:eﬂ‘“ﬁitgﬁl(‘e &B%Ngﬂ Bl Jir 3 mgchanical reversing seasi medns

| th ] iets, i f t h
P face | EmPRYR EpRBRaliiay pEBGpRAKE 1 e Bhori HERE ined BniBn e,
the right osupplied be ldngflivediersgy daneries, simil® Gl thoS€lused in MWD m.%&g&lﬁ:m

PCT/ GB96/ 00813
e tool.

10 The instant device applies selectable bias (right or left of low-side) to the drill bit.
The weighted heavy side of the outer eccentric sleeve will. due to the effects of gravity, seek
the low-side of the hole. The two lateral stabilizer shoes will inhibit rotation of the outer
eccentric sleeve whenever the rotating mandrel. attached to the drill string, is rotated. The
inner eccentric sleeve is positioned to the right or left of the center line of the wellbore

15  depending on its initial position. Normally. because the device is used to prevent bit-walk.
the inner eccentric sleeve will be initialized on the left-most side (viewed in the direction the
wellbore takes) in order to produce right bias. With the bore of the inner eccentric sieeve on
the left-most side of the outer sleeve, the rotating mandrel is offset towards the left of the
hole producing a force exerted from the right side of the wellbore. (This is similar to the

20  effect produced by the devices of both Garrison. Welborn. and by an offset packer.)

The use of the tool is swaightforward. A standard bottom hole assembly (BHA) is
assembled containing the appropriate quantity of drill collars, proper MWD tool(s) or other
instrument(s). the instant device (properly initialized) and a drill bit. The BHA is attached to
the drill string and the string lowered into the wellbore.

25 It is assumed for this explanation that the device is set to prevent normal right-hand
bit-walk. Standard drilling operations are commenced and directional information obtained
from the MWD is monitored. If the wellbore stants to drift too far to the left then. depending
on the logic employed within the tool. the rotation is stopped or the fluid pressure is pulsed

in order to drive the inner eccentric sleeve to the opposite side. Standard drilling is then
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Di scl osur oqjm & ent i on The invention is. eff aunosdenosd
non- r ot atl ng stabilizer which consi sts & an eccentrically bored

sl eeve or mandrel with nore material on one side so that the sleeve is 5
wei ghted to the side opposite the eccentric bore. A second eccentric sl eeve
or mandrel is I nserted through the bore of the first mandrel and
supported by an appropriate bearing systen1so that t he second
eccentric sl eeve be noved through 180 degrees required, by
an i nt er natontipuers anci&dxemubométmcaﬁn Gﬂom‘@t@ét i ﬂ@leﬁéhﬁi i“éubQﬂ&\ﬁiﬂﬁg tpp far back

eccentri ci

d thr h-th
suppor t ed %%&Sﬁésﬁrﬁ%ﬁd@ t I 'n??oveﬁgo g‘gﬁﬁgﬁ "Ef E?é&\f/‘f%é 0
rotate W i Bd i bhd (e dfilling bperaf &1%@9& PHRGrGlesd iS rdpRated Ategdbdal bot h

ends in the appropriate sta tool joint used in the drilling industry
for ready attacThenét effect wilkte sweitbaréithabhas aoslightly dmdulﬁmge-shqnlm thaolatedall | 1
pi pe. Thlsrotatlng mandr transfesthe crotar tlo e drill

pi pe todt h@ 3§¢|h°|weﬁﬁ'ﬂb&5n pqt e A;pro WMSF&PSEM fCOPF r‘W b°[ﬁpe

for all dr Iy g bit.
Two st abi I M%tﬂ?ﬁy eegﬂié)‘@ J\ﬁelg b%st? a'n @'SVES 8’\%%} gi and
lateral l'y @ide@ﬂdmﬁe@&wmmmmewenme thlsddvtb%sﬁlfvdihe pestle of a
eccentric sl eeve. The i nner. eccentric sleeve hol ds t he

rotating rameran demandhieftiright dasynholegrel @ﬂ achigves dtstobjective o f reducing the numberout er

The o " elmdiib @ oARE Ppeaier | Zht pife MR sl Fhaly” HBics 1,

an int %nal GRS - and 20 the inner sleeve can only in one
enbodi nment vbe p03|t|or‘red to the right or the left. In anot her
enbodi ment, an |Wdayrt2&nmloynglabepmédbdnhﬁeshumgﬂmhcenMds1%thédnl]¢l‘ or

"zer o- bi as"” p05|t|on asafurt r opti o Thi Iple OSItlon stahilizer
i s techni caﬁ’lﬁbﬁfﬁ%m eft se’@ﬁél'\ °n|rﬁifc‘8£l Mét “ﬂ‘t’e"dﬁ‘ﬁ'ﬂ?ﬁ?’énts
currently 0 " presge ‘F‘ﬁ‘ﬂﬁ abI e
I n current %r?ﬁ?ﬁ%n H r| oé Wgﬂaﬂs%%e | erna gve rreans c

be battery W&@&e beethpi6ped ty coRnmiReeno deIdriller the statelof thealegice.cind @iayt he
rotating mandrel or powered by drilling fluid flow. It is designed to

rotate 15 be mdadedwwuhméh%éﬂtl‘?q cinsgenerab a;ghargegn m%r%?ﬁ HeWER it s

right - nost 05|t|on10|tsl ¥: j cal .

or electri ﬁ%?@&%&‘é&“? |‘W{%M§D€émﬁeans MW%Wange%g%g% i ons

of the iNnepaGer il With Hbee \AAdHORACBEE, the Hedcedan Boased Bhapldoe dBaKobR
inclined wellbores. The device will operate with both conventional drilling and downhole

motors.

Embodiments of the invention will now be described by way of example only with

reference to the accompanying drawings.

Brief Description of Drawings
25 Figure 1 shows an elementary cutaway side elevational view of a tool according to

the invention in a slightly inclined wellbore having its low-side on the left.
Figure 2 is an elementary side elevational view of the tool of Figure 1. showing the

weighted side on the left and illustraring the position of the sliding shoes.
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PCT/ GBO6/ Q5dsB1679 acconpl i shed by stopping the dril be$icabélsbss
rotation for a predeternmined tine periodg by sending a series o
drilling fluid pressure pulses. or by some other neans. I
the internal notor is hydraulic, then the source of hydraulic power wl
normal | y be the flowng drilling fluid. The conversion of drill f
pressure into hydraulic pressure is 5 well known in the industry.
Alternately, the rotation of the rotating nmandrel can be used to

provi de hydr auFigorepd\ie an teterdneary sitie agiévad omad tview @f the Kot RAIFigak I Q¥Efegi NY
gear neans enpl.oyi a slip-clutch may be enployed. IT the inner

motor is el ect Pﬁ"‘?,“,ght’H%ﬁy @%?"b‘é"g the weightpbsidscat e baskcpf] the drivdagr age
bool - 10 ° Mic¥ind Gl Ry b BSOS e IEfre e sibuter of raine o

| eft of | owsighddp the drill bit. The wei ghted heavy side of the

outer eccentric sleeve will due to the effects of gravity, seek t he
| ow-si d& of t hEigurd 4is anielennentary smoss section bf the zant of Frtgnse hitdken ian Ak At boht at i on

of the outer . ccentri c sl e, whenever .the rotating mandrel attached
to the drill sf}S“FFg? @%‘&E‘&tidﬁt@mg Circle; ghqut thec @R Sefions [lisates; the

iti dt j s : ' f th 1 b 15
positioned to t[,,g&lc{r???lg%?&hﬂtgg aﬂwﬂhg?%gﬁ%@"%&! ne o e wel | bore

depending on i position. ecause the device is used to

prevent bit - waFigure 5A is ar éieméemag topeviewrdfrhetos] sffigureill dmpléved'ih kivallbaed on
the left-nost side (viewed in the direction the wel ' bore takes) in
order to produtBswatngtsysein makinga Aght-Wd e of the inner eccentric sl eeve on

t he | ef,,- nost si d .t he,outer sleeve e rotatin ndrel ,i.s of f{.set
towardgbt he Ie?fg“g?%ﬁem dgnm%?%o EF‘H@E@?%‘@‘%%%&E%&E’W@WF&YFLSW@ ri ght
side of the wellhig@ithg ifshi¥eSn icorméckiflk ridht-had biewaR or, Sldbaivel)! BrRERH Y t he
devi ces of both Garrison Wl born and by an offset packer.) =

The use of t heuseoinimakingsa kefithghd fupr.war d. A st andard bottom hol e assenbly
(BHA) is

f
I
| ui d

Figure 6 is a suggested Bottom Hole Assembly. including a tool according to the
invention, bit, MWD tool, drill collars. etc. used for left right borehole correction
15 only.
Figure 7A is the diagrammatic illustration for the suggested Bottom Hole Assembly
of Figure 6 showing the device, bit and stabilizers used for lefuright borehole
correction only.
Figure 7B is a suggested diagrammatic Bottom Hole Assembly. including the
20 device. bit and stabilizers used for up/down borehole correction only.
Figure 7C is a suggested diagrammatic Bottom Hole Assembly used for up:down
and lefuright correction.
Figure { illustrates a worm drive coupled to the inner mandrel powered by a motor
means.
Figure 9 is an elementary cross section illustrating the fluid pressure inner eccentric
sleeve position signalling means.
Figure 10 is an elementary cross section of the device. showing the signalling means.

taken at A-A in Figure 8.
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assenbl e%&gﬁlﬁwl ng the appropriate quantity of drill col pef/&ne per MAD

tool (s) or o I nstrunent (s). e instant device (properly
initialized) and a drill bit. The BRAis attached to the drill -
string and the string lowered into the well bore. 25 It is
assuned for this explanation that the device is set to prevent nornal

ri ght - hand bit-wal k. Standard drilling operations are commenced and
directional information obtained fromthe MAD is nmonitored. If the
wel | bor e Made fortCantirg Quttthwintémioho the | eft then depending on the

| ogi ¢ enpl oyed within the tool the rotation is- stopped or the fluid
pressure is pulThedevice will ﬁﬁtbﬁ@ssnsqeéuusqn@teﬁasmm @explain thednwnevs/e t o

}327?'/ (()jgggls bt 3 Sé dFa dl?&tlaécnge?i () eeve an‘&cﬁem%mt kkeg{t the mventé@ prg/errecfsl m%ansgor
cont i nued raaghd BF sWlchiAp e HirieP Ghangrel MR QT RA-mOM PRSTHAE als! fgindd i T s

too far back towargs the right the necessary signalling neans is
enpl oy#d tpositon (arwicdveers) svilliberdesdribed@s will be ianralierngtee eMditional meansdor | | i ng

§P$L§E | W 1CPRBUG, U PRSPk e Ascuised il be &rdﬂf% P, dlipe o (he
t Fadall gﬂp{o
d?r ZE:?l onat%"mg%?‘?gﬁﬂﬁ“ﬁg g%‘%ngﬂhave s g%% S- cuf\e/tgs ﬁ ndul at e

from one Whg@ﬂméh@icmnud&cﬁbmlow&de to high S|de and t he
degree of undul atlon can be cl%;eat Hence this_devi ce sol ves the grobl em of
true. oﬁeem dhongh 45 Figuse bid ect i ve

cing,the n round rilyd The
Gevi ety | e&ae%?metst%‘v"awmf‘tﬂt@% 3 sush P BRI B oge
tTEe 500: | MPhis REure Bvey Rthnfsty defiti¢tBe wﬂa@tﬁhsw@r\m@h dR\hdSry Bbfies s, i f
~the driller
the side of the hole nearest the center of the earth. The low-sxde of the hole. 3 is on the .
left-hand side of the overall wellbore, 2. Figure 1 shows the dev1ce ina shghtly inclined

hole for purposes of illustration only.

15 Starting at the top of Figure 1. the device is shown attached to an adapter sub. 4,
which would in turn be attached to the drill string (not shown). The adapter sub (not a
part of the invention) is antached to the inner rotatable mandrel. 11. and may not be
necessary if the drill string pipé threads match the device threads. This mandrel is free to
rotate within the inner eccentric sleeve, 12. Not shown. nor discussed. are the bearing

20  surfaces which will be required in the device between the inner rotating mandrel. 11. and
the inner eccentric sleeve. 12. Design requirements for these bearings will be discussed
because the mandrel. 11. must be capable of sustained rotation within the inner sleeve, 12.
The inner eccentric sleeve. 12. may be rumed freely within an arc. by a drive means (not
shown). inside the outer eccentric housing or mandrel. 13. The bearing surfaces berween

25 the inner and outer mandrels are not critical as they are not in constant mutual rotation:

however. they must be capable of remaining clean in the drilling environment. Sealed

bearing systems would be appropriate.
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wi shes to turn left he selects "left-turn”; on the other hand, if the
driller wawbeggrdburn right. he selects "right-turn". pcr/cB®nasisi ng
means which affects the drilling fluid slurface backpressure can be
enpl oyed to conmunicate to the driller the state of the device. and may 15
be included within the device. In general, a change in direction to the
left wll be slower than a change in direction to the right because
of the natural effects of bit-walk. In a simlar manner and with

proper additional tools, the device can be_used for up/down control in
i nclined wel | borladigurs é. heinmeeroiting mapdsehdd. lﬁﬁh%“'c?éthﬁmédﬁ%‘éﬁgi REHY 18R 1 1§ ng

and downhol £.,, +. 0] . ' 4 ' 1,

be descri be‘gﬂ’bvt'vzay@% %?(‘gln%ﬁ %regerrﬁbxl/e,vw %9&%@%@%%%@{%@&@&0 o
acconpanyi Nderlén\nd%h-adapter sub (nd?%hdiin) aes el raduired fér mdnttang fdPoses.

Figure 1 shows an elementary cutaway side el evational view of a tool

ﬁccpr di n? tlo Figure 4 cl&;tﬂ&n%i%qtrdawa ccoalmdl::lf,\gbﬁ lhyZmIFtEJ lhmldv@nﬂbéi-e .
aving its lowside on the left. . t [
el evat i Snal *FFHUF me{QWWO‘_}‘e ﬁPﬁﬁF@“l‘?‘_cél_ﬁS‘ﬁl %{‘lﬁt}l’@ rleérgglweaselggn?}gr gh{'SIede
si.de 00t Nhduinbe, ¥of dhib eléhleh Will Gohtlih B8 %rive Heall (Bt 308k dh "Bl FErERzced

PCT/ GB96/ 00Sghites) for tuming the inner eccentric sleeve. 12, within the outer housing, 13.9 (See
Figure 3 is_an elenentary side elevational Niew of the tool of Figure 1.
r ot at ed Figure 8 for details of the drive means.) The outer housing consists of a bore passing
longitudinally through the outer sleeve which accepts the inner sleeve. The outer housing
10 is eccentric on its outside. clearly shown as the “pregnant portion”, 20.

The pregnant portion or weighted side, 20, of the outer housing forms the heavy
side of the outer housing and is manufactured as a part of the outer sleeve. The pregnant
housing contains the drive means for controllably turning the inner eccentric sleeve within
the outer housing. Additionally, the pregnant housing may contain logic circuits, power

15  supplies, hydraulic devices, and the like which are (or may be) associated with the ‘on
demand' ruming of the inner sleeve.

There are two stabilizer shoes, 21, on either side of the outer housing located at
right angles to the pregnant housing and on the center line drawn through the center of
rotation of the inner sleeve. These two shoes serve to counter any reactionary rotation on

20  the part of the outer housing caused by bearing friction berween the rotating mandrel. 11.
and the inner eccentric sleeve, 12. The stabilizer shoes are normally removabie and are
sized to meet the wellbore diameter. In fact. the same techniques used to size a standard
stabilizer would be applied in choosing the size of the stabilizer shoes. Alternatively. the
shoes. 21. could be formed integrally with the outer housing. 13. As will be explained.

35  the pregnant or weighted portion of the outer housing. 13. will tend to seek the low side of
the hole. and the operation of the apparatus depends on the pregnant housing being at the
low-side of the hole.

Figures 2. 3 and 4 show the centre-line of the wellbore as C Ly, and the centre-line

of the bit (or drill string) as CLp. Note that these longitudinal cenwe-lines are offset by
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t hrough Qig\RisYgrdedr ees thus hating the weighted si de at t i-rhegdsondist he
drawi ng. showi ng stabilizer ghoes and the eccentric offset given
to the inner tubular or rating mandrel. 5 Figure 4'is an
el enentary cross section of the tool of Figure 1 taken at A-A in both
Figure 1 and Figure 2. The dotted circle about the cross-section
Illustrates the expected position of the device within the

wel | bor e. Figure 5A is an elenmentary top view of the tool of
Figure 1 ensmbaymf[tltymfdae\midrbbe\emﬁgurﬁmdarelcbdmatednmﬂg\lmqﬂﬁguﬁslmkl ng a

O 4 i e e o B BT o 1550 I "
I
CoPTEE i G R B GG b Sl f i

Hol e Ass e fggitudihdl akesctire 6ffser;iondhe Gberctiadd wheh widwed through the axis whith@asseon, bi t
MAD tool, drill collars. etc. used for left right borehole.correction 15

only. 5  through the myasstahilizenshoss,i2ctheirwe longitedinal cenerayes &€ FolpcAE. ¢ he

suggest ed Bott Hol e senbl ce.
g0 e ot | e Hoarings TR s o W%%P‘éﬂ%f:‘%d%g 2P Bhddghrl Weefi€ |
onl tc?émh Qfsed iR aﬁp,hgjom]h@é

Assgnbl y. |nc? u'émng the ép&bﬁ:’ﬂﬁggﬂt%gtogll? and- s%cggl i zers used for

up/ down b(ﬁtﬁhﬁiaﬁdnebmtmbe cnpamaloy turning at speeds of &p gu230 REM withinsthe et ed
di agrammatic Bottom Hol e Assenbl USﬁg for up/do

left/ri gh@c@esmCéLqu%n If the t°°1 is us W‘%@F%Kerm%ﬁ spegbwill &%‘E%
E?gglr 9 |°§t'€?1p&5mgrrent ary cr oss sé‘eﬁ on 1 usttﬁé éqtoll.n‘lg.h? %ogx olﬁ:%&%frgg\gﬁr e
i nner eccaygipldced at either end of thedbsie ahomoidr isplaced aestith theditmben the rotational
Figure 10 iS an elenentary cross section of the device. show n g&;t he
si gnal | i ndeaingspeed will be zero. If ﬂlamrsénlacndhetwmhg&ip%nhole motor and the bit,

the rotational speed will be the same as that of the output shaft of the downhole motor.

This speed can be higher than 250 RPM, which is normally rezarded as the maximum

15 RPM encountered in conventional rotary dnllmg _

The inner mandrel to inner sleeve high speed bearings must be lubricated. and the
lubricating fluid will be the drilling fluid that circulates throughout the system. This
means that the bearing must be capable of operaung with some solids. having a potentially
abrasive nature prsent in the stream. Beanngs of this nature are well understood in the

20 mdusuy and will cause little problem. The thrust bwmg between the two elements. see
location 28 on Figure 9, must be expected to show wear and is designed so that it can be
repiaced at reasonable service inten'als Basically the thrust bearing surface is a sacrificial
bearing and plans should be made 1o replace this bearing with each change of bn (At
least the bearing should be examined each time the tool comes to the surface. )

25 The rotation between the outer housmg. 13. and the inner eccentric sleeve. 12. is
conwolled from the surface and is an 'on demand' occurrence. Thus. these bearing
surfaces need not take high continuous rotation speeds and standard sealed bearings may
be used. Figure 8 illustrates how the inner sleeve operates. A worm drive. 25. drives the

driven gear. 26. attached to inner mandrel. ordinarily. through 180-degrees. The worm
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PCT/ GB96/ 808 36)31679 PCT/GBEY4/00813 :
Modes for Carrying Qut the Invention 13 The device will first be
di scussed in general terns in order to explain the inventive concept
of a dual eccentric sleeve arrangenent. Next the inventors' preferred neans
for rotating or switching the inner mandrel fromits |eft-nobst
position to its right-nost 5 position (or vice-versa) will be described
as will be an alternate. Additional neans for obt ai ni ng the swi tching

will be di gearsisdiivensbwalmotbe 27heA v drivess used biacausk iofigts frlatural mechanical
signal | i ng _neans f I.ndj cating the _position of the |nner sleeve. Finally
t he techni aﬂiame That ls’p‘*l% Yﬂkﬁséﬁgﬁ- Wﬁfehaa’eﬂ'@b%qﬂtiyo%@mm.gw-
The devi ce y@i | eS| ehrehi t ﬁ%l%i t.nr 4. Figure
1, a 10 gl"'cie‘fheu?’gt\}/%t on?ﬁg% ew.pghlgé\@q?acaﬁ avvayg)gg?%é’ed%\’ﬁ?g%.gio.h n a
slightly i possibiec dimctipdriee the inmer sltbieshyf 4 gmmiler deviceased @ dHVR e W& B&rt he

| ow-si de of the _hole which the industry defines as the side of the
hol e nedr eshaft.hdhecHusration of the deve Araneementoin- Kigues Bfis thehdvwltee pdpciple on

t he l.eft - hand. si de of e overall .well bore., 2. Figure 1 shows the
device in én\gqﬁYeglﬁggpqog&mposavcas%xpg%ggmb@reﬁﬁgxg% of illustration only.

15 St i dyQBkeOd nithBes t 1 ufdptd ?gg ached
to an adapter sﬁlgi.e%op&%%mhi ch@i\/\o‘tﬁillgaioﬁférﬁ‘}snhﬁe at%ac ed t %neta%%l |
string (notmabomeins i¥reDEduator driverbby adithiam battery pankt simifilat toethoseveseiiinn) i s
attached t e innep rotat g&ggg ndrel. 11. and may_not be ... hecessary
if the dril fqoly ‘b?‘cp‘éo‘?ﬁ _ 1 s Blagreip @cseplind comparment svithimdieel s
free t L Al lAner ' . L wn. nor
i scusdQy PP aRhSnd bl Be Dy Fou AL GRC bie o S B8 o A RS

devi ce bet \mmohgaiﬁwcghﬁt&hﬁgg_nnndrel. 11. and the i nner
eccentric sleeve 12. Design requirenents for these bearings will be

di scussed Ipan alternative ot employingas thy dreulicmateor che vogn geari drive

rotation wilthhd L NEnhONng StaS8ad inditrial hydraulic techniques would be used The
hydraulic power source would be taken from the drilling fluid in a similar manner as in a

15  downhole motor. The source would be activated by electro-mechanic-hydrautic logic
which would only require power when the eccentric is to be driven from one position to
the other. Another alternative would be to use an electric drive means but incorporate a
downhole generator (in the housing) which would take its power from the drilling fluid
whenever the logic requires a change in positon.

20 Figure 4 shows the instant device with its inner eccentric sleeve on the centre-line
between the two stabilizer shoes, 21, and to the right side of the overall device. Figure 5A
shows a "top-view" of the device wherein the inner eccentric sleeve is set to the far right in
line with the centre-line of the two stabilizer shoes. By "top-view" it should be understood
that Figures 5A and 5B are viewed from high-side of the wellbore. Thus. the state of the

25  inner eccentric shown in Figure 4 and in Figure SA will cause the outer housing. 13. to
exert pressure against the left-hand side of the wellbore, when viewed from high-side.
The fulcrum effect against the side of the left side of the wellbore will cause the bit to

create a hole with right-hand bias.
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The inneryég bgiCc sleeve. 12. may be turned freely wthi Bpddidos1 Y @
drive neans (nhot shown) . inside tje outer eccentric housing or
mandrel . 13. The bearing surfaces between 25 the inner and outer
mandrel s are not critical as they are not in constant nutual rotation:

however they nust be capable of remaining clean in the drilline
envi ronnment. Seal ed bearing systens woul d be appropriate.
WD 96/ 31679

PCT/ GB96/ 00813 As previously stated, the rotation of the inner eccentric sleeve. 12, is ordindrily
In Figure 1. the inner rotating mandrel. 11. is shown as being attached
direct|y tlimised to 180legrers: ghus. when the devicgrescaves dhg prape sigaaldrom s artace e

t hr eads L.ffer . . S, an:ada Spdy (not
shown) nanﬁxﬁ%‘r’%g‘ﬁé%g‘&ﬁ‘fe%%tén@? gﬁ}n}éﬁac cﬁ?ﬁgﬂé@gﬁph&m&t %s‘ﬁ‘&' ﬁrg{ﬁhe clearly
shows the deghedt, tocitscleftandst ipeéition. O Thishtate i sHowh2inaFiguR S Wigen e inegCentric
sleeves. Inreality, the outer eccentric sleeve should be referred to as

t he " 0@t ereccentric isoinghis gtate, itovilltaause the outembousing| 13; 3o ex¢Thpressuresagainst theans

(not shown.i.n.the .refgrenc fi.qur for turning.the i r_eccentric
T oever 2 igHheng sdf RS edpomwarm YWt iom af-5of. "Iihlenin sHRS aeBES o1 & ¢
the drive i 'i‘i%h %ﬁfﬁ@&&i&&'&m&' the Bft tAuRPlothPRAS TRE "quality”
| ongi t udi n%? y toprhgu péti e outer sleeve \%‘\]%t C?_I accep'_ts_o__ t he innerqsl eve. The
out er houséfingie Wtliboteproduced by ithe instanttdevice wdil de mmichampyoved ovier the présent

"pregnant portion", 20. ... ~ The pregnant portion or weighted side,
20, of t hestaaoEtheamas will be gxplainedla@encayy side of the outer housing

and isléianf act ?gcgggﬁp?vgafainegf'int &g @%i%ﬁs ,83%3 : _gf&gnﬂﬂaamt:ntal

housi ng’ cont ai n he™ etreans for tontrolla rning the rnner
eccentric givesioh wheréihe inventors Habe reebinfifed iRl 3isiifple Peeghinit Bdingy whidiawillr egnant

housi ng may contain logic circuits, power o o _

always seek the low side of the wellbore, can be used to selectively switch an inner

eccentric to exert a fulcrum force against the one or the other side of a wellbore. The

invention, out of choice,-plaés a 180-deg1'ee limit on the motion of the inner eccentric.

15  This limit is brought about because of engineering logic and mechanical considerations.

That is, it is easier to signal the tool to switch sides and allow the inner drive means to

rotate the inner sleeve from one 'stop" to another 'stop’ rather than complicate the logic and

the internal drive means. Modem technology would allow the use of 'stepper’ type drive

means wherein the inher eccentric could be positioned at any desired state with respect to

20  the outer housing. Thus. the preferred embodiment which places a 180-degree arc on the

inner slecx"e must not be construed as a true limitation on alternative embodiments of the
device. '

If a true stepper motor means is placed within the housing. with 1o stop limits.

then it would be possible to use the same apparanis to control up-down lefyright drill bit

25 direction. The physical principal explained in the previous paragraphs' relating t0 left or

right directional control would still apply. For example. the inner sleeve could be

positioned so that the offsét was at the top of the housing. This would place the fulcrum

on the bottom of the outer housing or directly on the actual pregnant housing and the bit
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15 supplies, hydraulic devices, and the |ike which are (or may be)

associ at edyghéimeyde ' on demand turning of the inner slpeexshosioos1s
There are two stabilizer shoes, 21, on gkther side of the outer housing

| ocat ed at right angles to the pregnant housing and on the center

| i ne drawn through the center of rotation of the inner sleeve. These
two shoes serve to counter any reactionary rotation on 20 the part of the
out er housi ng caused by bearing friction between the rotating mandrel. 11.
and the inner eccentric sleeve 12. The stabilizer shoes are normally
renovabl e swdldameve upwardsi led similaremanten shevbit | douldebeddmvent downvardf aktty t he

T Choosi nGORABARARS upiobRASt R SEFoQ oML AT et e T
h . 21, I J: Al | ' ] h ' . Wil b
xplained 25 (e PseRERudl SRk 20, U 68 ol nek o e ARl s °°

will tend bp epbingtpoint® apaisist dehicl the bit biat heref@tnted. 2 Me ab@aloOfiey firtnref the
appar at us depends on the' pregnant housing being at the | ow si de of

the hol%. applied to the appropriatg sides ofthe wvellhoreshronghonernf thesstabilizer shogs.l. thhe
wel | bore as C Llerr nd the centre-line f e bit (or drill
string) as ISCIQ?‘%PPE .lhaﬁlo&émgtf&[ag%ége‘hf Jﬂ@’P\So‘F?ﬂﬁdcgﬂT r‘8§ |rpf%ggn AFWE f set
b, fEPd3BGES e, 13 t f :

nCT/ Gaosl 08E S outer slecve. 1. 4ocs 10t excoed the mass of the quier sleeve. [fhe o 3
and are co-ansfatreddorquetdreceds ¢hesowér iousmganas®, de-stabilizationdof (herouter diousihgese

centre-lines are co-Iocattgd I n Elhe,vie_ of Fiy%lﬁre 1.% Sinply stated.
when the t 86l resultyyi aqmpely the QuH hewsingywilk upp; Hithe gutse Bousigsums avax fidmegnant

Ciog\?viegg? hﬁ @gn&ﬁ t?%téekggt%'gt | gz&ﬁ.gfg@e%g e ndl [B& bie B3s bAF n&tl;}eéonl@naqfd tYJ\’Q en
directional qualities of the device will fail.

Thus, when employing this apparatus, it may be necessary to use different speeds
for rotation of the inner sleeve in order to overcome the mass-torque limitations of the
outer housing. Paradoxically, the mass of the housing becomes more effective as the

15  angle of inclination (wellbore deviation from vertcal) increases: thus, higher rotational
speeds may be used. Fortunately. this is coincidental with the requirement for rapid tool
response in a high angle (near or horizontal) wellbore. The operator will have to monitor
the downhole performance of the tool to determine if the tool is turning away from the
low-side reference point. Standard well survey devices can provide this information.

20 Adjustments in rotational speed of the inner sieeve can be varied at the surface to
compensate for any shortfall in the mass-torque capacity of the outer housing.

In drilling operations. as previously explained. there is generally a vanable force
attempting to drive a bit away from the desired wrajectory. Thus. the tool should first be
considered to control bit-walk or leftright direcion. Figure 6 illustrates a potental

25 bottom hole assemb1§ (BHA) for conrrolling bit-walk or obtaining left nght directional
control. The BHA consists if a bit. 7. an optional adapter sub, 6. the device iself. 10.
another optional adapter sub. 4. the required surveving tools. §. and any required drill
collars. 8. This assembly would be attached to the drill string. 9. Additional stabilizers
(not shown in Figure 6) would be added as per standard drilling procedures.
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5 t hr ougb ok@fs7d Wo st abi lizer shoes, 21. the two |ongitudponcBoasisiz- axes

are co-located The bearingg between the inner rotatable
mandrel and the inner eccentric sleeve pose a nunber of interesting
problens. If the tool is used in conventional drilling, the I nner
mandrel must be capable of turning at speeds of up to 250 RPM wi thin the

I nner eccentric sleeve. If the tool is used wth downhole notors, the
beari ng speed will depend 10 on the position of the downhole notor with

respect to the Figae 7ATh g diagrammatis ilustreriomefian arrangement of stalilizess used imer end
of the tool.,If the.notgr is placed next .to the bit the he t ot at i onal
bearing. o lng,pPFats idioyt Shobvife: FSap collai, SUVER 199L% HECHETHd PG o ot or
and the bi .. : S‘ﬂ% A4 Leetil susieashiliet. | 2308nd B iR ihatrs Of2 t he

out put shac}etmgfmt’ efogngm | 'e notor. lIi_!el’l’hzljsgtg'foeéd cannﬁg‘ﬂﬁi gher than 250
RPM whi chharshedrilling prograepmayisequisess t he nmaxi nrum 15  RPM encountered in

conventional rotary drilling. The i nner, mandrel .to inner
sl eeve 5hi gh speds prsaigusiy gxplaned thesopl gan be madified {9 proide up down diFscrienal i ng

fluid will_b he, dri | |.i | Ui ﬁﬁ# 1L Gl ' em
Thi s cqy@'ghg@ ﬂ’ﬁt&%l:#g%&at?iagﬁ S}E_Q%_ge%:bggéa _te& g#ae%;g)gér)aq%g&sw sone
sol i ds. haybdig aft JTREEHVSHIOA li¥ at the bonoaDéfake 1] Htdett © thopreprat housinghdhet r eam
Bearings of this nature are well understood in the 20 1iIndustry and wll
cause | it t bthepofitet qositidthavould be t180-degreesgawayt wr aop tofighe weol air capppsite hee

| ocation 28 on Figure 9. nust pe expegted to show wear and,.i.S . designed so
that it capregeant Lgusmgr eﬁﬁﬁ‘@ﬂ“sg't “nggegnﬁﬁeéwg .Ftc@s’inﬂ?%\‘%lp ?._dcrgglsﬁﬂgm ly
the thyqist rd rfﬁ%ﬁ' ' Q%‘Eﬁ: [l Hl ntatiE BF o Ridsgugh shoul d
. be madfedjt ob?g’glgﬂ%ﬁis ea_?lﬁnlga\?\nat__ eac_@g%ﬁsggggé)@bf?@ At - least

t he beari ngodified) devive usedaoiconitbl apdowti ioatly. tere theddit. Foisefolldwoed byea sear biace. )
The rotation between the outer housing. 13 . _and the inner eccentric sleeve

12. is stabilizesn24, otithethe modifiedtinstant drvies: 19NK lacedat digigncgem thschityy ¢ e_nc_e:
T e ol g BB £ k30 G B 101
i 11 ustrat eghe BifishSystefTunftd RalEsi@itiafdéfbe liGuStiy: endk5 thigldestriysion he
driven gear. 26. attached to inner mandrel. ordinarily, through
180- deb§ ee suises Tecindustrystandard.) o ' .
" Inasimilar manner, the modified instant device. 10M. and the instant device, 10,

could be used together in the sém_e BHA to control leftright and up/down. Figure 7Cis a

diagrammatic illustration of such a BHA without showing required survey tools. drill

collars and the like. ' '

20 A technique to signal the surface as to the position of the inner eccentric is
required. It would be possible to use survey tools and track the wellbore direction and.
whenever the direction is not correct. the tool may be signalled to "toggle states”. That is
10 rotate from left to right or vice versa. (In the case of the modified tool. from up to
down or vice versa) The preferred technique will be described for the original leftight

35 (unmodified device) and is illustrared in Figures 9 and 10. A passageway. 17. is bored in
the rotaﬁng mandrel which allows some drilling fluid to exit the bore via additional offset
passages bored in the inner sieeve. 16. and in the outer housing. 15. The passageway. 17.
in the rotatable mandrel terminates in bit-jetorifice. 19. combination. The bit-jet is

capable of taking the pressure drop without damage. A groove. 18. is cut in the outer
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gear is driven by a notor. 27. A Wormd{?' ve i s used because o¥ Pts nat ur al
r

mechani cal advantage. That is the iven gear. 26. will have great
difficultly turning the worm gear. 25. Thus, this gear arrangenent
will provide a natural lock for the inner sleeve. It is possible to
directly drive the inner sleeve by a simlar device used to drive the worm
gear 5 shaft. The illustration of the drive arrangenent in Figure 8 is

t o show t rsarface ofctheinher eccentri¢ slvevle whichoalldwis shendrilling flid de exit e Pofev@er s a
limtation on the device. e notor neans may take a nunber of

Th
forms. | n Paeassageseld My a5¢ nofraligneda When dhe passages;d8dp. argaligneds the BE ofot or
dri b .Si Ml th d i \ t ool s.
O enq o b Rt ool el Bed RERE50R, e bR 0
10 pregrpis, dptessufdifferehétssigial RlouldWethr ) the SaffadeOUhdheti& Rl infeSti@it js2nd

stop the drive notor is . al so housed in the pregnant housing.
In an &l t etoggled orsvatchedifromrone positiantoragother. hydr aul i ¢ notor. the worm gear

drive wou)l d, be, | oyed., Standard industrial hydraulic teg¢hnigues
woul d be used. i’Pn@" ngg‘qgom‘é'&?’i %@%W@&JP@E‘%@?%F%@WB%WW{ he
drilling flulOmi | 4] S [ sPﬁdMH% I t. sour ce
woul d bg a%ﬁe\%‘%lgéég?(g%ﬁ{er(o- rreg‘ﬁg%?'c-lﬂy rléfgﬂoc ogl g whitH 19\5\% %Laﬁalloul d

only requisiste farventrexving bit-walkac dendght Cleisthiidlcbeesdhid b8, Betdiis® BRreoskeés on t o
the other. Another alternative would be to use an electric drive neans but

i ncor por at Buig is bypassingahgbis | acpressire change will acounat thewsfage)) Prassiesrchanges dret ake
its p r fromth Ll 1ing .fluid whenever the logic requires a
changgl\efn g’fln?'@ﬁ'.rgébn the dusrry. IfthﬁLR’?s‘Ees“ﬁﬁ'W?thén ihhi% E?n[‘“ﬁe F’bglewith
i ts inner geefiéidin (Bd BEH M pdstfont TN b LiP€ ch frOR UYL ]S higheel'th
stabilizer shoes. 21. a%ié to Péhse rni ght e?irﬁg ofc atnl’zigs overal | (ljﬂeé\gi ce. FCi Eure
5A séugemnia is' inahe laftembst gositioe  desimilar tettmiqiermayhbe useddor deagvdownc

sl eeve is se 0 tgz far right in line with the centre-line of the
two st abi I?‘EE‘?‘}‘@H’E} thedpstant @evick. ey, * it shoul d be under st ood t hat

Figures 5A and gf2n&niigalethuld Builadl ShdPnl s dGe 1R iR Feevd IS sudthe

state of the
15 techniques are not outside the scope of this disclosure. For example. an encoding system

similar to that used by MWD tools could be employed. A series of coded pulses would be
sent to the surface during motion of the inner sleeve which may be decoded. using
standard industry techniques, to disclose the resting position of the sleeve. It may be
possible to pass an electrical signal to an MWD tool and have that tool pass the required

20 information to the surface. The passing of coded information to the surface as a series of
mud pulses is well accepted and used in the industry.

In a similar manner. the passing of pressure pulses from the surface to the tool
may be used to signal the logic to toggle the state of the inner sleeve. For example. the
simplest and preferred toggling technique is to stop drilling for a period of tume which

25 exceeds the time period to add a joint of drill pipe. During this period of time. the mud
pressure would drop and the logic “"sees” the event. The logic starts a imer and after the
proper period of tme the inner sleeve is told 1o toggle its state. Depending on the motor
means the sleeve would toggle or wait untl fluid flow resumed in order to capture a

driving force. This technique may be expanded to signal a stepper motor drive means to
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S innerweygsBiédol C shown in Figure 4 and in Figure 5A willp W’""Eﬁ outer
' e of the

housing 13. to exert pressure aggignst the left-hand si

wel | bore when vi ewed from hi gh-si de. The ful crum ef fect against the
side of the left side of the wellbore will cause the bit to Create a .
hole with right-hand bi as. WD 96/ 31679
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As previously stated the rotation of the inner eccentric sleeve. 12 is
or di narulynowe 10 2 igiven position. oBE dnstividuallyt signal thHAt hsngiéml'nep/decmanés t he

proper si fro surfa t he, dri s w il .the inner
eccentri cqﬁﬁ rlt}S?‘ﬁ' amsg Mﬁ‘m‘%ﬁ f%yuqus fall H’ F“é theg jts
| ef t - nDSt | Jei S OKHS the 5

eccentric g &ﬁﬁldlssag%\g%e %?O%fﬁ%lacause t dg out er ﬁ%u& ng, %dog{bgﬁexert

pressure ehgan ttbgrthysart of the tdod bt lobaedicamplerelyfsepdraie urrdfivn. ¢ Fohhamor€wrd from
hi gh-si de. The ful crum effect agal nst the side of the right side of

the wef| bEREFEYiSPUICe QT PEWetBagki for sepplying, theglogis ccincuits canTheolocaied Within the of

the wellb rod n Vi Wil oved over the
pr esent %o‘? W$ﬁl&%§?{n§%£§% °§ Bleﬁglcf%nn%]égm The
concept expl ai nméwcsh; SIRPI1E Ot Willbe RBdcABEPRNE préedt/heufi gt daiBBAinttnt,

i nventi on where the inventors have recognized that a sinple pregnant

housi ng, whsuggested BHA is showh imFigueect knd has alreadysheer described: et fobbweyldcan be
used to sel ecti W tC nner, eccentric to exert a fulcrum
force agaﬁﬁ ﬁ%g M?Feqsi[sﬁbp itsngEmystate (?%qer gercRmc giggve to the leftpfent i on,

cccont ) o VBoreIABRRRL Cnd YR it dling (EcRe Ard SolloNed e

and mecharpregrésscafithe deediborearacked using sthhdrd isarvey techniqeesi Phe appafingriads t he
Lo O o nidalized. m@gx B e ke S TEANS, i Sefore,right bit-walk
should not occur. The wellbore, will most likely slowly drift to the left. When the hole
has moved too far to the left. then the apparatus is given its toggle (switch sicis) signal.

15 The surface mud pulses are monitored to check that the toggle has actually occurred and
10 confirm the state of the inner sleeve. Drilling operations would continue umtil the hole
has gone too far to the right. In a similar manner. the apparatus may be used to
directionally drill an inclined well. In the modified apparans similar procedures would
be used for up/down control. ' ' ' '

20 The prior art of deviation correction required a turn in the direction of the wellbore
in order to correct for drift lefuright (azimuth) or upidown (inclination) from the required
wellbore path. Essentially. a bent sub and downhole motor (or steerable motor) would be
placed in the wellbore and orientated in the required direction to correct for the calculated
directional drift. These tools would place a dogleg (a relatively sharp tum in the wellbore

25 when compared to the overall wellbore) at the point of correction. Once the wellbore was
established in the correct direction. standard drilling techniques resume until the next
survey shows unacceptable drift. Thus a wellbore is not straight or smooth -- it looks like

a corLscre\x The instant device m]] allow for relatively smooth correction: thus. the

wellbore will not look like a corkscrew and will be easier to enter and exit during all
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rotate the inner sleeve fromone 'stop to another 'stop' rather than

conpl i cat gyd g3ie9pi ¢ and the internal drive e nmeans. Neqaigvé/00813

st echnol ogy wou allow the use of 'steppgr' type drive means wherein
the inner eccentric could be positioned at any desired state with respect
to 20 the outer housing. Thus the preferred enbodi nent which places a
180-degree arc on the I nner sleeve nust not be construed as a true
limtation on alternative enbodi nents of the devi ce. | f
a true stepper notor neans is placed within the housing with no stop
limts. drillingt ¢asimgiand poadudtidreoperationb| htwisihe "gilating afrhawplitond Wsl be
control up down left/right drjll bit 25 direction. The physical principal
expl ai ned Signifiantly improyed oxertheprasmistagofthed- t o 1 eft or ri ght

di rectional contgo i Ly, . xample. the inner sl|eeve could
be posi ti &%&,"@%ﬂoghd;tge 40#«.9%%# see'tnﬁ%r/a?gﬁ’%‘?ﬂ%e? 83’%’“%3% . This
woul d pl acQadyify 8epréek W eccentricityCdt dfifRt B AR RELBIIE centfetixishORE @&%ﬂ%d
directly on the actual pregnanf housing and the bit WO 96/ 31679

PCT/ GBS/ O@sestricity would depeniddonmives farmationl. thendiametemrof ahe weilivore. speed foift
e S e RO Bl 82 Sl
housi ng pordinqlisel v%ngcoﬁme&u%&Lertaggseéi%g&g%&aaa&b@umﬂe%gm@ﬁw:ﬂ

or "earthing poln alnst whic ilas i s referenced: e actual

bi as f or cesffsérdoize is digrpted byl thexatidof thip pirePslediles ebdedeiRite Alshrlléefatid Beifg
t hrough one of the stabilizer shoes. 21. It I's inportant that, during
rotation ofeqealéo a smallesypaonfaregand a larger ratie being aquabiraa largst yeseor force. The

Lranst g5r ek Qo 1l S intf (mRBRY p REREY (LASIERT, Bhe lger OVt &7
the offset. the sharper the change in wellbore direction and the higher the load on the
internal bearings. In drilling a straight wellbore the eccentricity offset should be less than
about 1/2-inch [1.27 cm].

It should also be remembered that the inner eccentric offset and the effective

15  gauge of the tool (effective gauge being defined as the tool diameter between the outer
surfaces of the shoes) are interrelated. Thus. it is important that the effective gauge of the
tool be readily adjustable in the field to fit the wellbore gauge (same as the tool's effective
gauge) or to account for some unexpected interaction with the tool. For example, the
formation may drive the tool further to the right than expected: thus. the right shoe could

20  beincreased in thickness while the left shoe could be decreased in thickness. The overall
effective gauge of the tool would remain the same. but the side wellbore force on the right
of the wellbore would be effectively increased. The actual values and the like would have
10 be field determined. as are many parameters in the drilling indusuy. Thus. the shoes
are field replaceable and are held in place by pins or anv similar effective retaining

23  mechanism.

The choice of inner sleeve and consequential offset. and the twol's effective gauge.
may be made at the nig site. The drlling engineers would look at formation
characteristics. the drilling program and other well known parameters to determine an

inital offset and gauge. If the tool was over- or under-correcting. then the inner sleeve (or
SUBSTITUTE SHEET (RULE 26}



transfer r@ﬂr?é{gk%le exceeds the outer housing nmass. de-stabil,&@%mlpf t he
W 1

outer hou will result - namelé/ t he outer housing urn.

t he outer housing turns away from 10 Q)ei ng the reference for the | owside
of the hole. then bit bias will not be correct and the - directional
qualities of the device wll fail. Thus, when enploying this
apparatus, it may be necessary to use different speeds for rotation
of the inner sleeve in order to overcone the nass-torque limtations of the
out er hougidag) wbaldastostanged ¥ a iieablB§SpoRimit Esubl 4s ianbideipO Bl tHerBol
effective as the 15 angl e . of inclination (well bore deviation from

verti cal ) renmoedwsbeswellbane, hi gher rot ati onal speeds may be used.

rosponee. | 1 a TTRGH hah 0. GHRUGRFS BrrekiBRT e 2PN AAHDUinne brst SBOREDY i 1
response in a . map Wi
have to 1§ har J : gg&fg R ol ine if
t he tool rTlgi'[‘sﬁ E}%rtr’]?tngmg%gg&f ?‘g\rlﬁtg%lg%p&%gl OW S ?n cre?%}%%%]é Etg?h‘ri}ﬁfd q%’[nandar d
wel | s3ir vandeatqudd that therexamples @ieh land the)dintenBidhomay 30 chanieil uhatadifferend n

rotational speed of the inner sleeve can be varied at the surface to
conpensat sighalling means\way bgiemployedhatdifferenyingerosleea s degalipe meaptar diycer
housi ng. Jdn drildy. bk ONS, .« 4 I ' jned
there s AR MY, be.cploPeb it it b ShokihEiions B Hisl B8 B0
fromthe desitidbhBeRpidor heftm ool should first be

consi dere o control bit-walk or left/right direction. Figure 6
illustrates a potential 2 bottom hole assenbly (BHA) for controlling
bi-t-wal k or obtaining left right directional _ control. The BRA

consists if a bit. 7. an optional adapter sub. 6. the device itself. 10.
anot her optional adapter sub. 4. the required surveying tools. 5. and any

required drill collars. 8. This assenbly would be attached to the
drill string. 9. Additional stabilizers (not shown in Finure 6) would
be added as per standard drilling procedures. . WO 96/ 31679 '

PCT/ GB96/ 00813 16
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Figure 7A is a diagrammatic illustration of an arrangenent of stabilizers
used in awo9631r9 | [ ing operation w thout show ng required eelrlgHosnesisVeY

tool s and subs. The instant device2110, is followed by a second suing
stabilizer. 23. and any additional stabilizers. 22. that the drilling
program may require. 5 As previously expl ained the tool can be
nodi fied to provide up down directional - control and the easiest way
to acconplish this would be to make one end of the inner sl eeve arc
of fset position lie at the bottomof the tool or next to the pregnant

housi ng. The ot her offset position would be 180-degrees away on top

of the tool, Dosite the. . pregnant housi ng. As previously

expl ai ned, pReZaying Number Indexo il d fulcrumthe 10  bit up or

down. Figure 7B i shaoderall BavRiHdle @I’@AJ on of the instant although
modi fi ed device used to control up/down only.” Here the bit. 7. is followed

by a near bit 2  Generalihthe Wellborea¥ ertival. Inclib&d drHbrizbmal) i nst ant devi ce, 10M

placed at distancg "|" fromthe bit. Thi s di stance woul d range
bet weerP 15 f eet [i‘.hsii“’ 5“%@%“9‘5& (9.14 nmi. (NB: the use of t he
British Systenyof fé%ﬁ s the standard of the drilling industry: hence.
this descri ptinz(‘)n E‘ﬁss‘ié’z the i ndustry standard.) In a

simlar nmanners tsm\-eja(tbéli(wmmémgevi ce. 10NL and the instant device 10
could be used together in the sane BHA to control left/right and up/down
Figure 7C is ab  Adapten Subr(anfdditional DowstHale Tools)of such a BHA wi t hout

show ng requi r;:d \gi/ tools drill collars and the |Iike. 20

A technique to si%l the surface as to the position of the inner eccentric
IS 10 requigedprlitcoMakd be possible to use survey tools and track the
wel | bore direction and. whenever the direction is not correct the
tool may be si9naDnlidutimg "t oggl e states”. That is to rotate fromleft
to right or vice vers tﬁ_lln the_case of the nodified tool, fromup to

down or %ce v s&ie?ﬁ%ké 6 Anstast PEVce echni que wi || be described for the

original left yjg : infel device) and is illustrated in Figures 9
Lt 2 ke b RURGBE NG

and 10. A passageway the rotating mandrel which

al  ows sonme dril | iGeflerhliy The InflerFdcbntiib Slep@y € Vi a addi tional of fset

passages bored in the inner sleeve. 16. and in the outer housing. 15. The
passagbiay. 1713 Generally Fhe Quter BecgowibiSeermndr el terninates in

bit-jetorifice, 13 SO PR LSNsr Drvg Mochkish, 'S
15 Third Drilling Fluid Passageway in Outer Sleeve
16 Second Drilling Fluid Passageway in Inner Rotatable Mandrel
17 First Drilling Fluid Passageway
20 18 Dnilling Fluid Groove in Inner Sleeve
19 Bit-Jet and Orifice Plate
20 The "Pregnant" or Weighted Housing part of the Outer Eccentric Sleeve
21 Siabilizer Shoes
22 Stabilizer
25 23 Second String Stabilizer
24 Near Bit Stabilizer
Worm Gear
26 Drnven Gear

27 Drive Means
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capabl e Wo&ﬁ:his%g the pressure drop w thout damage. A gr ooy@rléggé'm%sﬁut in

t he outer WO 96/ 31679 49
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surface of the.inner eccentric sleeve which allows the drilling fluid to
exit the -bore. gven if t he passages 15,16, are not aligned. \Wen the
passages ‘15..16..;aré aligned the rate of drilling fluid | eaving the
bore is higher-than the rate when the passages are not aligned. Thus.

a pressure di2Rf eTigna BearigyPdsitivaul d occur at the surface whenever the inner
sleeve is 5 toggl ed or switched fromone position to another.

In the right-nost position, which is not the normal state for correcting

bi t -wal k, nmore fluid | eaves the bore (see Figure 4). In the |eft-nost
posi tion. which is the nornal state for correcting bit-walk to the
right, less fluid | eaves the bore. Because nore or |ess fluid is
bypassing the bit, a pressure change will occur at the surface. Pressure
changes are 10 easily measured in the industry. If the pressure changes
fromhigh to low then the eccentric is in the right-nost position.

|f the pressure changes fromlow to high. then the eccentic is in the
| eft-nost position. A simlar technique may be used for the up/down

enbodi ment of the instant device. Q her techni ques could be
used to signal the state of the inner sleeve and such 15 techniques are
not outside the scope of this disclosure. For exanple. an encoding system
simlar to that used by MAD tools could be enployed. A series of coded

pul ses woul d be sent to the surface during notion of the inner sleeve
whi ch may be decoded using standard i ndustry techni ques, to disclose
the resting position of the sleeve. It may be
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possi ble to pass an electrical signal to an MAD tool and have that tool
pass the rQqsylédifigrel0 i nformation to the surface. The passi g&rqqggmg
we

tnformation to the surface as a series 6% mud pul ses is accept ed
and used in the industry. In a simlar manner, the passing of
pressure pulses fromthe surface to the tool .. .. mav b Y N
the logic to toggle the state of the inner sleeve For ex ..H.HB.

sinpl est and preferred toggling te p dri Ll |

of time which 25 exceedsthetimf m"‘j ajoint of drill pipe.
During thi The€lams of tine. the nud woul d drop and the | ogic
"sees" the event. The lqgic starts a tinmer and after the pr oper

period of ti meWhads slaimedis) eeve is told to toggle its stale. Depending on

" ocumed | nlor ARPEGE A b bl Rt Spfice" el Bl Firtith 560 hc
expanded t Q-elib8redbmerisik@pper nmotor drive neans to WO 96/ 31679
PCT/ GB96/ 00813 18

nove toSa gi veehqibsimmblémmdtdhhvidgatmmﬁy lorigymdinalboBrA usi ng bot h

up/ down and .left/right tools., Thus any, of e standard nud signalling
t echni ques fal3 B stlﬁ"?%?‘ﬁmﬁ"ﬁem“plelag%‘ﬁﬁ@y"o@a’?%& SYP IBPD °.g4’ﬂ’églaﬁgi c
used in co | éﬁ’}'nfdﬂ: t B \ . Detitlef 9" al
part of the %og.'colgxr’“ ocg%e cogrrp etegfy sﬁ?g%g%h%%e lrag‘r/r? n%&??her nore, an
5  ener gy saidutiahdred enduaitEinng3leievd; or supplying the logic circuits can be

| ocated within the tool, as an attachnent |ocated . in a separate sub

or conpletely e AWechousingoratably coupled around saidtimner sspenfric sleeks) sad PuiFEe and
will b

BHn 1 5 TR oeoing eyle g g doosifiloal b8 SRR o FRlered ige o HATRET o

sufficient diameter to allow free relative motion between said inner sleeve. said outer

housing having an outer surface;
a plurality of stabilizer shoes longitudinally attached to or formed integrally with said
outer surface of said outer housing; and
15 drive means for selectively rotating said inner eccenwic sleeve with respect to said

outer housing.

2. Apparatus as claimed in Claim 1. wherein said plurality of stabilizer shoes are each
circumferentally offset a predetermined amount in relation to said weighted side of said

20  outer housing.

s

. Apparatus as claimed in Claim 1 or 2, wherein two stabilizer shoes are provided.

4. Apparatus as claimed in Claims 2 and 3. wherein said predetermined offset is ninety

25 degrees to each side of said weighted housing.

3. Apparatus as claimed in any one of Claims | to 4. wherein said drive means for
selectively rotatng said inner sieeve further comprises hydraulic motor means for driving

said inner sleeve.
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be asse ﬂ;’ﬁ ot he surface and set to its normal state (|§@génﬁ%ﬂ3trlc
sl eeve ngcf Feft of 10 wel | bore | |tud| nal centre axis). Nornal

drilling techniques are foll owed and t progress of the well bore
tracked using standard survey techniques The appar at us has been
initialized to exert a force to the left of wellbore centre-line;
therefore. right bit-walk shoul d not occur. The well bore, will npst
likely slowmy drift to the left. Wien the hole has nmoved too far to
the left. then the apparatus is given-its toggle (switch sides) signal. 15
The surface nud DU|SeS@§é§ nnnitorz?éﬁo check t hat the t.0gqgl e hasfactually

occurred &ndipparatus 3scel ip FpY (9B amsrl 0,8, |‘h '€ TBEqS | Ip

operat | ons u d ' f

right. é&ﬁ +TY ré‘ggﬁnéa%‘gr @hgkgtﬁpara us Sbeelagéce % rhédls f&rﬂe [ onaI |y
drill an kdi'&idn&%ké@@.' | . In the nodified apparatus. S|_m I ar procedures woul d
be used for up/down control. 20 The prior art of deviation
correciion required a turn in the direction of the well bore i n order

to correc for drift ft/ri azi th. OL. Qwn cI|nat|o fromthe
requi r ed ‘ga"'ﬁ‘ﬁ‘{lllfg ' p%;eccc!{.n %E%M ATOTERRRS 0egl':f‘ﬂ)tor

(or steerghle fgpga g%eaﬁmdmna'sléﬂv@ﬁﬁﬁld&&w| | bore and orientated
e recti

in the requir nto correct for the calcul ated di recti onal
drift. These tools would place a dogleg (a relatively sharp turn in the
wel | bore 25 when conpared tq {he overa,II Ibore ~at the point fof
correcti of. Appaamsas ehine 7, whereig rFORHREISeSomeans  for

Shovs !Dna B BiRg Pl hu§°a5m‘%??§*5!‘%“€‘su%t%ﬂ€%’éhéﬁ%o w0

| 00ks i k§jeeve should He@bisfell At respdit@o kaid bei holsimpce Wil | allow for relatively
snmoot h correction: thus. the . wel | bore will not look Iike a corkscrew
and will be easier to enter and exit during all WD 96/ 31679

POt/ GB96! Q8 paratus as claimed in Claim 7, wherein said logic means comprises means'for

sensing wellbore fluid flow prssﬁré pulses and deccdin_g same pulses to determine when

15  said inner sleeve should be rotated with respect to said outer housirg.

10. Apparatus as claimed in Claim 8 or 9. wherein said logic means further comprises
means for decoding and commanding said drive means to rotate said inner sleeve to a

given axial position within said outer housing.

11. Apparatus as claimed in any one of Claims 7 to 10. wherein said drive means and said

logic means are stored within said outer housing.
12. Apparatus as claimed in any one of Claims 7 to 10. wherein said logic means are
25 located within a tubular or housing separate from but connected to the combination of the

mandrel. the inner sleeve and the outer housing.

13. Apparatus as claimed in any one of the preceding claims. further comprising an

energy source for supplving power to the dnve means and or the logic means.
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drilling, casing and production operations. That is the "quality"” of the
wel | bore wyhl significantly inproved over the pres f the
art. VWb%B%”Fi nally, it should be,goted that the inne%@%ﬁ‘%@?@

sl eeve can be manufactured with varyi ng degrees of eccentricity or
offset fromthe wellbore centre-axis. The required 5 eccentricity would
depend on the formation, the dianeter of the well bore speed of

drilling, type of drilling, and the |ike. The vector interaction of the
shoe with the wel | bore wall is selectively controlled by the rotation
of the inner sleeve; thus the nagnitude of the offset force is
dictated by the ratio of the inner sleeve's eccentricity. Asnmaller ratio
bei ng l4ecppparate a5 daimedon Glaiot d3. wbercin thednergy soyee isr lncited wathigaequal

to a larger .vector farce. The.1l0 of fset can,vary,fromtenths of an inch
[milli et eP&‘T‘E&;S’fthB“%%F@?%@Hﬁ Drsccopascted g the &?%B‘Pm“ of the pRangreleBe. ¢ he
shar per tthg&@#@d%ed“Hp%&iﬁgrecti on and the higher the |oad on the

n dri

i nternal bearings. ing & sraight well bore the eccentricity offset
shoul d e | ess than about 1/2-inch [1.27 cm. It should
al so be renenbered that the inner eccentric offset and the effective 15
gauge of tH&. tApparges ascelaimed in any ong of the precedingiclaims; wherewosaidicenesetEe

bet ween the out er .S of e are interrelated. Thus. it
is i rrporta‘ri‘?nﬁ“f‘@f"ﬂt9?5e 'éfcf%ﬂﬁa@e %\QQQ}O%&E\EEQ tool be readily
adjustable in the field to fit the well bore gauge (sanme as the tool's

ef fective gauge) or to account for sonme unexpected interaction with
the tool. Hér cppagatus. ast tleimed in afyoonetdfothe nprocedingvelaimtse further domprisiag t o
the right than_ expected thus_.the right. shoe.cou d 20 be .increased in

i ckndOs \WERRRE RS for SERGLInG SA FE S B URSl Feid e T S0 THRERer al |
effective A6 EEEQ? tool would remain the sane but the side wellbore
force on the right ) of the wellbore would be effectively increased.
The actual values and the |ike would have to be field determ ned, as
are many paraneters in the drilling ig&gstry. Thus, t he shoes are

field repl aldeaBpparas anelaimed) ig Glainy | & vehepgin £MeaBs PARIISCR A SEESS| ve
retaining 25 ,..nechani sm . T j of LI rsl.eave and
consequent i Id’%lfrf%é‘f‘. PARRETIRES F’_(StS?d’gg §W??’§'i %ﬁé"e".gh tﬂp&a{_‘%ﬁ\‘/ﬁﬁe’nﬂ%de at
the rigssitfeeve 2NE tHe' dukdriHoAsiBE SRR whid® vAid ikreP Kledlle i§ @1 8kt PBsition with
characteristics. the drilling programand other well known paraneters to
det er mi ne amespect to said outer housing, the drilling fluid passageways allow drilling fluid to flow

from the interior of the mandrel to the exterior of the outer housing accompanied by a

relatively low drop in pressure. and. when said inner sleeve is in a second position with

respect to said outer housing. the drilling fluid passageways allow drilling fluid to flow

20 from the interior of the mandrel to the exterior of the outer housing accompanied by a

relatively high drop in pressure.

18. Apparatus as claimed in Claim 17. wherein each of the inner sleeve and the outer
housing comprise drilling fluid passages extending generally radially therethrough and
being capable of alignment with one another to form a generally continuous drilling fluid

passageway.

TSRS



initial @fdé&iemnd gauge. If the tool was over- or under- qomcEdsioofis t hen

t he inner sleeve (or WO 96/ 318¢9

PCT/ GB96/ 00813 . 20

shoes) weul d. be changed at a suitable opportunity (such as a "bit trip")
and the .tool:::.- returned to the well bore. There has been

di scl osed heretofore in the above di scussion the best enbodi ment and

t he best nodels) of the present invention as presently contenplated. It
shoul d bel% Appatussasciaimedde CGlaim B avhsrais agepanil g ercem#masme may be

h dth ff I
G 11 or ent 1R becm e g e oo Foyb g i oo o Conielb e bl gl oy oo
and t hat EQQE‘JY?W @r“hQ m,g&a%g&@gﬁ&ghg&eahout departing

fromthe he pre |nvent|on

5 20 Apparatus as claimed in any one of Claims 17 to 19, wherein a bit-jet and orifice
combination is positioned within the gencraily radial passage in the mandrel adjacent the

inner sleeve.

21. Apparatus as claimed in any one of Claims 17 to 19, further comprising means for
10 detecting a change in drilling fluid pressure.

22. Apparatus for selectively controlling from the surface the drilling direction of a
wellbore, substantially as hereinbefore described with reference to any ome of the
embodiments shown in the accompanying drawings.
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SUBSTI TUTE SHEET (RULE 26)
WO 96/31679 PCT/GB96/00813

27 -
HAS BEEN
AMENDED CLATMS | REFLADE
[received by the International Bureau on 19 August 1996 (19.08.96):

original claim 1 amended; remaining claims unchanged (1 page}]

What is claimed is:
1. Apparatus for selectively controlling from the surface the drilling direction of an
inclined wellbore comprising:

5 a hollow rotatable mandrel having a concentric longitudinal bore;

an inner sieeve rotatably coupled about said mandrel, said inner sleeve having an
eccentric longitudinal bore of sufficient diameter to allow free relative motion between
said mandrel and said inner sleeve;

an outer housing rotatably coupled around said inner eccentric sleeve, said outer

10 housing having an ecceatric longitudinal bore forming a weighted side adapted to

automatically seek the low side of the wellbore and having sufficient diameter to allow
free relative motion between said inner sleeve, said outer housing having an outer surface;

a plurality of stabilizer shoes longitudinally attached to or formed integrally with said
outer surface of said outer housing; and

*

15 drive means for selectively rotating said inner eccentric sleeve with respect to said
outer housing.

2. Apparatus as claimed in Claim 1, wherein said plurality of stabilizer shoes are each
circumferentially offset a predetermined amount in relation to said weighted side of said
20  outer housing.

3. Apparatus as claimed in Claim 1 or 2, wherein two stabilizer shoes are provided.

4. Apparatus as claimed in Claims 2 and 3, wherein said predetermined offset is ninety
25  degrees to each side of said weighted housing.

5. Apparatus as claimed in any one of Claims 1 to 4, wherein said drive means for
selectively rotating said inner sleeve further comprises hydraulic motor means for driving

said inner sleeve.
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16 Second Drilling Fluid Passageway i n I nner Rotatable Mandrel

17 First DMOI96{3%¢/9F| ui d Passageway 20 18 Drilling R E‘;%g ein
I'nner Sl eeve 19 Bit-Jet and Oifice Plate Pt I%‘é
"Pregnant” or Wi ghted Housing part of the Quter Eccentric Sleeve
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23 The d ai ns VWhat is clainmed is: 1. Apparatus
for sel ecty ntrolling fromthe surface the drilling di i P an
i'ncl i ned JZF?Eg¥§Qconprising: 5 a holl ow rotatable WE%S%%#gﬁgﬁ ng a
concentric |ongituinal bore; an inner sleeve rotatably coupl ed
about said mandrel said inner sleevé/ﬁaving an eccentric |ongitudinal
bore of sufficient dianmeter to allow free relative notion between

said mandrel and said inner sleeve; an outer housing rotatably
coupl ed around said inner eccentric sleeve, said outer 10 housi ng havi ng
an eccentric longitudinal bore form ng a wei ghted side adapted to
automatically seek the | ow side of thelQmel | bore and having sufficient

di anmeter to allow free relative Aption between said inner sleeve,
sai d outer housing Maving a outer surface; a plurality of
stabilizer shoes |longitudinally attached to or forned intégr ly with said
outer surface of said outer housing; and 15 drive nean or
selectively rotating said inner eccentric sleeve with respfgz to7said
Qut er housi ng. 2. Apparatus as clainmed in Caim'l, {whergin said
plurality of -l $ y offsétl a
predeterm neg appupt ip rell to said wei ghted™sSi of—sa .
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.20 out er housi ng. 3. Apparatus as claimed in Claim1l or 2,

wher ei n W@ﬁ,&gﬁ%l i zer shoes are provided 4. Appar picyrcEdsnediai med -
in dains an , Wherein said predeterm ned offset is ninety 25 degrees

to each side of said weighted housigpa 5. Apparatus as clained in
1d drive ne

any one of Clains 1 to 4, wherein 4 ans for sel ectively
rotating said i nner sleeve further c?nprises hydraul i ¢ notor neans for
driving said i nner sl eeve. E.BU WO 96/ 31679
PCT/ GB96/ 00813 ' 24
6. Apparatus as clained in any one oft ains 1 to 4. wherein said drive
means for sel ectively rotating d inner sleeve further conprises
el ectric nmotor means for driving aid inner sleeve.
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7. Apparatus as clainmed in any one of the preceding clains further

conpri si NgW®eKA679 means for determ ning when said inner f}r?e@g? shoul d
Be rot at ed. 8. Apparatus as clainmed in Claim?7, where %W*Ebic
means conprises neans for 10 sensing,drilling parameters and decodi ng
such paranmeters to determ ne when saiﬁ/?nner sl eeve shoul d be rotated
W th respect to said outer housing. 9. Apparatus as clained in Caim
7, wherein said | ogic neans conprises neans for sensing wel | bore fluid
fl ow pressure pul ses and decodi ng sanme pul ses to determ ne when 15 sai d

i nner sleeve should be rotated with respect to said outer housing.

10. Apparatus as clained in Caim8 or 9. wherein said |logic neans further

conpri ses means for decodi ng and commandi ng said drive neans to
rotate said inner ileeve to a gi ven axial position within said outer
hobusi ng. 20 1. Apparatus as clainmed in any one of Clains 7 to 10.

]

wherein said drivé&;nmeans and said | ogi c neans are stored within said

out er housi ng. ‘ 12. Apparatus as clained in any one of Clains 7 to

10. wherein said |logic nmeans are |ocated within a tubular or housing

separate from but_cQlnegted to the conbination of the mandrel the

i nner sleeve,ég§$§$§§§trer housi ng. 13. Apparatus as clained in

an, one of c%///zf/n’ffr,\\ %l ai ns furtha~conprising 10 7<energy source
NN \\1 ogi ;Eans

for supplyi HoNT- dr'veﬁneansﬁg<ﬁ or the t j . ]
S i
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WD 96/ 31679
PCT/ GB96/ 131679 25 _
14. Apparatus as clainmed in Caim13. wherein the energy so i TEeRB0%3 a1 ed
within a t ubul ar or housi ng sepaﬁzltze from but connected to the

conbi nation of the mandrel, the er sleeve and the outer housing. 5
15. Apparatus as clained in any one of the preceding-clains, wherein said
concentric | ongi tudi nal bore is capable of//p’assi ng wel | bore fl uids.
16. Apparatus as clained in any one og LJae\Pr/eCedi ng-Cl ai ns further
conprising 10 signal ling nmeans for 5gqa+ ing seid relative position of
said inner sleeve with respect to ~~said outer sl|eeve. 17.
Apparatus as clained in Caim16, whéirein Dht<signalling means conprises a
series of drilling fluid pa$§sageyayé
through the nmandrel the inner 15 S h t he ut er housi ng such that
when said inner sleeve is in a firsg® i tiorpsam N




3

respect to said outer housing. the drilling fluid passageways all ow
drilling fwoiogsigref | ow fromthe interior of the mandr t he .
exterior of the outer housing acconpanied by a rel ati ?grgﬁoqgéw)ﬂ?op in
pressure and when said inner sleeve is in a second position with

respect to said outer housing the drilJjng fluid passageways allow drilling
fluid to flow 20 fromthe interior7¢f the mandrel to the exterior of the
out er housi ng acconpani ed by a relatively high drop in pressure.

18. Apparatus as clainmed in Caim17. wherein each of the inner sleeve and

t he outer housi ng conprise drilling fluid passages extending
generally radially therethrough and 2 hei-ng capabl e of alignnent with

one another to forma generally ¢on drilling fluid passageway.
WD 96/ 31679

PCT/ GB96/ 00813

26
19. Apparatus as clainmed in O ai md-thedin a generally circunferenti al
passage i s | ocat ed between t \w\\§ eeve and outer housing in order
to connect the generally radial §§§§ .@§§q- Regfei n when the generally
radi al passages are not aligned. §§§“§§§§Apparatus as clainmed in any one
of Cainms 17 to 19. wherein a bit 35\ %g;:' IR e conbination is
RN

positioned within the generally ré
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i nner sl eeve.

21. Apparatus as clainmed in any one of Clains 17 to

19. further conprising neans for 10 detecting a change in drilling fl uid-
*pressure. 22. Apparatus for selectively controlling fromthe
surface the drilling direction of a 23wellbore, substantially as

her ei nbef ore described with reference to™any one of the enbodi nent s
shown in the acconpanyi ng draw ngs. WO 96/ 31679

PCT/ GB96/ 00813 27

AMENDED CLAI M5 [received by the International Bureau on 19 August
1996 (19.08.96); original claim21 anended; remaining clains
unchanged (1 [Rhe@Elaims What is clained is: 1. Appar at us
for selectively ntralling fromthe surface the drilling direction of an

i nclined mellborgﬂ@Hﬁ§FP§B%g: 5 a hollow rotatable mandrel having a

concentric | ongiAppaatd lforqletively controlling fra thé fiface e ifling Uirdbifih| of HoUP! ed
about said mandrel, said inner sl eeve having an

5

10

1s

20

25

inclined wellbore comprising:

a hollow rotatable mandrel having a concentric longitudinal bore;

an inner sleeve rotatably coupled about said mandrel, said inner sleeve having an
eccentric longitudinal bore of sufficient diameter to aflow free relative motion between
said mandrel and said inner sleeve;

an outer housing rotatably coupled around said inner eccentric sleeve, said outer
housing having an eccentic longitudinal bore forming a weighted side adapted o
automarically seek the low side of the wellbore and having sufficient diameter to allow
free relative motion between said inner sleeve, said outer housing having an outer surface;

a plurality of stabilizer shoes longitudinally attached to or formed integrally with said
outer surface of said outer housing; and

drive means for selectively rotating said inner eccentric sleeve with respect to said
outer housing.

2. Apparatus as claimed in Claim 1, wherein said plurality of stabilizer shoes are each
circumferentially offset a predetermined amount in relation to said weighted side of said
outer houging,

3. Apparatus as claimed in Claim ! or 2, wherein two stabilizer shoes are provided.

4. Apparatus as claimed in Claims 2 and 3, wherein said predetermined offset is ninety
degrees to each side of said weighted housing,

5. Apparatus as claimed in any one of Claims 1 to 4, wherein said drive means for
selectively rotating said inner sleeve further comprises hydraulic motor means for driving

said inner sleeve.
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(S7) Abstract

A tool for controlling azimuth and/or inclination in a wellbore and
methods for utilizing the same is disclosed. The tool generally comprises
a freely rotating mandrel (11), for transmitting drilling forces, contained
within two eccentric sleeves (12, 13). The outer sleeve (13) has an eccentric
longitudinal bore that forms a pregnant or weighted side (20) that seeks the low-
side of the wellbore. Two gauge inserts or stabilizer shoes (21) are provided on
either side of the outer sleeve (13) at ninety degrees to the pregnant housing
(20). The inner sleeve (12) has a further eccentric longitudinal bore that
contains the freely rotating mandrel (11). The mandrel (11) is attached to
the drill string at one end and to the drilling bit at the other. The position
of the inner sleeve (12) may be controlied, at will from the surface, so that
the eccentric is kept to one side of the outer housing (13), thus transmitting a
fulcrum force to the bit and controlling the azimuth and/or inclination of the
wellbore. The pregnant housing (20) contains drive means and assorted logic
for controlling the position with respect to the pregnant housing (20) of the
eccentric bore of the inner sleeve (12).

(54) Title: A SURFACE CONTROLLED WELLBORE DIRECTIONAL STEERING TOOL




