Rotary Steerable Drilling System Background to the

I nvention This invention relates to a rotary steerable
wa@lzaoboo29gp system for use in the drilling of boPEHUSE8/068100

Sunmary of the Invention Rotary steerable drilling

systens are known in which a housing having a

plurality of bias pads nounted thereon is adapted to

be rotated, in use. Each bias pad is novabl e between a

retracted position and an extended position. Wen in

its extended position, the bi ds pad bears agai nst the

wal | of the borehol e_and the s.lting reaction force
applies a laterally §Qﬁ§éﬁ§@2£g¥@€¥§&Jﬁ%e housi ng

whi ch ca e used . in achi eving steering. As the

housi ng E@@%@@%J§&E§P§WFﬁal|y continuously, in use, it

will..be. appreciated that the.bi .pbad -
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rotation of the housing in order for the applied
Iatg%ggf§gdirected force to be applied in a
sybstantially uniformdirection. The bias pads are
typically noved by piston arrangenents, valves being

provideds&gm&ﬁgt&@hwgnﬁnsupply of fluid to the piston.

I'n the past the valves have been incorporated into a
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the like used in
bias pads mounted thereon is adapted to be rotated, in use. Each bias pad is movable
between a retracted position and an extended position. When in its extended position,

10 the bias pad bears against the wall of the borchole and the resulting reaction force

applies a laterally directed force to the housing which can be used in achieving steering.
As the housing rotates substantially continuously, in use, it will be appreciated that the
bias pads must be extended and retracted in turn in synchronism with the rotation of the

housing in order for the applied laterally directed force to be applied in a substantially

15 uniform direction.

The bias pads are typically moved by piston arrangements, valves being
provided to control the supply of fluid to the piston. In the past the valves have been
incorporated into a single rotary control valve. The torquer devices or the like used in

20 controlling the operation of the rotary valves consume significant quantities of electrical
power. In order to provide the necessary power levels, downhole located generators
have been used. Qther arrangements involve the use of electromagnetically actuated

valves, for example of bistable form, which consume significantly less electrical power.



controlling the operation of the rotary val ves consune
significant quantities of electrical power. In order
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| ocat ed generators have been used. Qther arrangenents
i nvol ve the use of electromagnetically actuated
val ves, for exanple of bistable form which consune
significantly I ess electrical power.Another form of
steerable drilling systenluseﬁ a rotatable drill bit
nmount ed upon a bent housing or sub. By controlling the
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control the relative angles the axes of the sl eeve
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actuators, the sleeve can be held in substantially a
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hybrid systemof this type is described in, for

exanplie, colid R4Mod tiifhg Ao atls B iHeGldeterepiies enthat of the collar.
invention there is provided a rotary steerable
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ositions, the
P orientation whilst the collar rotates. A hybrid system of this type is described in, for

example, GB 24006110.

According to the present invention there is provided a rotary steerable drilling

15 system comprising a rotatable housing having a plurality of steering actuators mounted
thereon and movable, individually, between retracted and extended positions, the
actuators being electrically controlled, and a battery arranged to supply electrical power

to the actuators.

20 The actuators conveniently include pistons and valves controlling fluid supply to
the pistons, the valves being electrically controlled. Preferably, the actuators are bi-
slable. Consequently, little electrical power is consumed and a battery can provide the
requited power. The battery is conveniently rechargeable, for example by being

electrically connected to a surface located or otherwise located power source.



actuators being electrically controlled, and a battery
arranged to supply electrical power to the actuators.
wabmmewat ors conveni ently include pistons aneCWHS2088068100
controlling fluid supply to the pistons, the val ves
being electrically controlled. Preferably, the
actuators are bi stable. Consequently, little
el ectrical power is consuned and a battery can provide
the required power. The batte%y is conveniently
rechargeabl e, for exanple by being electrically

connectgd %ﬁ_a surface Iocat d or ot W se ? h
ooy & St SR B B ST e DR s pipg ver otter
t uat, th .
Ror SRS ofor Fysviis iy st B PRBRAR et a0 bR e v

to %&%&%w?ﬂrﬁmmﬁ¥ pmgnmsu rface or downhole fromthe

sur en1conven|ently further includes a
downhol e dr|II|ng fluid operated notor, for exanple
for driving the drill bit for rotation or for use in
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battery is rechargeabl &€ by being connected to
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drill pipe arrangenent. The drilling system may be of

thedgwﬂﬁmmemwakgh operation of the actuators is used

to drive one or nore bias pads against the surface of

a borehole, the resulting reaction force urging the
rotatabl e housing, together with a drill bit nounted

t her eon, Where the battery is rechargeable by being connected to the surface, the

10  connection may be made using a wired drill pipe arrangement.

The drilling system may be of the type in which operation of the actuators is
used to drive one or more bias pads against the surface of a borehole, the resulting
reaction force urging the rotatable housing, together with a drill bit mounted thercon,

15 laterally to form a deviation, dogleg or curve in the borehole.

Alternatively, the drilling system may be of the hybrid type, the operation of the
actuators serving io control the angular position of the axis of a sleeve relative to that of
a collar,
20
Brief Description of the Drawings
The invention will further be described, by way of example, with reference to the

accompanying drawings, in which:



| aterally to forma deviation, dogleg or curve in the
borehole. Alternatively, the drilling system may be of

wao bwojgderé d t ype, the operation of the actuat oPGI/US2008/068100
serving to control the angular position of the axis of
a sleeve relative to that of a collar. Brief
Description of the Drawings The invention will further
be descri bed, by way of exanple, with reference to the
acconpanying drawings, in which:Figure 1 is a
di agrammati c viem1i||ustratin§ part of a steerable

drilling_system and Figures 2 and 3 il]Justrate an

al t er nat Fgwredris p dapgmegds dey dsiragps gyt ?ge%%‘?el”g{"idé'ﬂm%fsysmm;
the Drawi ngs Referring firstly to Figure 1 there is
iII&@ﬁrated, di agrammatically, part of a downliole
steerable drilling system conprising a sleeve or

housi ng 10 having pistons 12 associ ated therewth,

each piston hei. vahl e to v associ at ed
b as padreretariadiP iiishat AREARD°C0r o &
pgsition and retracted position. At an end of the

housing 10 is |l ocated a downhol e notor 16,

conveni epLd¥edissdifod @UPMRwiRedr i 11ing fluid or mud

power ed nmotor, operable to drive the housing 10 for
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17 which 1s rotated, in use, for exanple by a surface

| oc aiRfAbIgQEDihg §tem comprising a sleeve or housing 10 having pistons 12 associated
therewith, each piston 12 being movable to move an associated bias pad 14 between an

10 extended, radially outward position and a retracted position. At an end of the housing
10 is located a downhole motor 16, conveniently in the form of a drilling fluid or mud
poweted motor, operable to drive the housing 10 for rotation. The motor 16 is carried
by the drill string 17 which is rotated, in use, for example by a surface located motor or

by a downhole motor, A drill bit 18 is mounted at an end of the housing 10 so that

15 rotation of the housing 10 drives the drill bit 18 for rotation.

The pistons 12 are moved from their retracted positions toward their extended
positions by supplying drilling fluid, under pressure, to the cylinders 20 associated
therewith, return movement occurring as the drilling fluid is able to escape, at a

20 restricted rate, from the cylinders 20, for example along restricted flow paths 22.

The supply of fluid to the ¢ylinders 20 from a high pressure line 23 is controlled
by control valves 24, the operation of which is controlled by a control unit 26 using

information derived from, for example, inclination and azimuth sensors 28. The control



by a downliole nmotor. Adrill bit 18 is nounted at an

end of the housing 10 so that rotation of the housing
waodoowes the drill bit 18 for rotation. The PCBUSW88/068100

12 are noved fromtheir retracted positions toward

their extended positions by supplying drilling fluid,

under pressure, to the cylinders 20 associ ated

therewith, return novenent occurring as the drilling

fluid is able to escape, at a_restricted rate, from

the cylinders 20, for exanplesalong restricted fl ow

pat hs, 2 The su y Qf fluid to the | inders 20 fro
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val%pi Zﬁ) t he operation of which is controlled by a
contfol” Unit 26 using information derived from for

exanpl e, inclination and azi nuth sensors 28. The
control val ves 24, control unit 26 and sensors 28 are
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I'n use, drilling suppl e o the system
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18 for rotation. The rotation of the bit 18, in
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the bit 18 to scrape or otherw se renove formation
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formed. The renoved material is carried away by the

dr i |chiriadavddyiyche dfitling@hideve steering of the drilling

direction, the control unit 26 controls the val ves 24

so as to determne which, if any, of the pistons 12

and associ ated pads 14

10 To achieve steering of the drilling direction, the control unit 26 controls the
valves 24 so as to determine which, if any, of the pistons 12 and associated pads 14
occupies its extended position at any given time. It will be appreciated that by urging a
selected one of the pads 14 towards its extended position and into engagement with the
wall of the borehole, a laterally acting reaction force is applied to the housing 10 and

15 hence to the bit 18. By moving the pads 14, in turn, as the housing 10 rotates, the

reaction force can be applied in a substantially constant direction resulting in the

formation of a curve or dogleg in the borehole.

The valves 24 are conveniently electromagnetically controlled, preferably using

20 Dbi-stable electromagnetic actuators 24a. Suitable valves and actuators are described in
The use of bi-stable actuators 24a is advantageous in that electrical power is only
consumed during switching of the actuators 24a between their stable positions, power

not being consumed in holding the actuators 243 in the stable positions. Consequently,



occupies its extended position at any given tine. It
w Il be appreciated that by urging a sel ected one of

W@ b@Ipexdss 14 towards its extended position andPCHUS2008/068100
engagenent with the wall of the borehole, a laterally
acting reaction force is applied to the housing 10 and
hence to the bit 18. By noving the pads 14, in turn,
as the housing 10 rotates, the reaction force can be
applied in a substantially coEstant di rection
resulting in the formation of "a curve or dogleg in the
borehol e, The val ves 24 gre conveni ent .
o1 5t 15 IR BOPSRBR PRI R L PRI pLyHg the actuaor
bi - éip[e ngc}gonagnetic actuators 24a. Suitable
val AhFr8EPUdtors are described in The use of

bi -stabl e actuators 24a is advantageous in that

el ectrical power is only consumed during swtching of

the act UALGhGur 4awhE YRR burli 2Bl oSl Lipldament threot,

power not being consume Ing the actuators 24a
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power is consuned and thé battery 30 is capabl e of
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bei ng conveyed on a wire. Thus, for exanple, when it

i s ded efamigaee bhelardettén sihor Eor pawple, itScotldrirei tachatgedvusing an
the battery can be renoved and replaced by a folly
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rechar geabl e and arranged to be charged in situ. For

ek adpl alierhativelpt masble recherdged wind avdied grifpipe link in the drill string 17

connected to a power source located at the surface or elsewhere.

Although illustrated as being located adjacent the control unit 26 and valves 24,
the battery 30 may be located remotely and connected thereto using, for example, a

15 wired drill pipe link.

As well as being used to power the actuators 24a and valves 24, the battery
power may be used to control or power a number of other devices. For example, it may
be used to power a pressure sensor for use in receiving data transmitted in the form of

20 pressure pulses in the drifling fluid. It could alternatively or additionally be used to
power an actuator, conveniently a bi-stable actuator, serving as a hydraulic power
source or controller for a mechanism used to induce positive or negative pressure pulses
in the drilling fluid, either within the housing or in the annulus between the housing and

the wall of the borehole, which pressure pulses can be used to transmit information to a



el ectrical cable |lowered fromthe surface, when

requi red, and connected to the battery 30.
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pipe link in the drill string 17 connected to a power

source |located at the surface or el sewhere. Although

illustrated as being | ocated adjacent the control unit

26 and valves 24, the battery 30 nmay be | ocated

renotely and connect ed theretg usi ng, for exanple, a

wired drill pipe link. As well® as being used to power

the actuators 24a apd.val ves .24, the bat power
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pressure pulses in the drilling fluid. It could
alternatively or additionally be used to power an
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as a hydraulic power source or contro or a
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Actuators 52 are mounted on the collar 46 and co-operate with the sleeve 48 to
control the angular position of the sleeve 48. The actuators 48, 52 conveniently
comprise pistons and associated control valves, and are preferably bi-stable, the

15 actuators being electrically controlled and drawing electrical power from a battery 54.
The battery 54 may be replaceable and/or re-chargeable using any of the previously

described techniques.

The battery 54 may also supply power to a sensor, for example a sleeve mounted
20 angle sensor, indicative of the relative angles of the collar 46 and sleeve 48. The angle
sensor may be similar to a wired drill pipe coupling, using variations in the coupling to

provide the angle information.



carry a drill bit 44. The unit 40 conprises a collar
46 connected to the drill string 42 and a sl eeve 48
waeenpeewed to the collar 46 by a universal | oiPET/BS2008/068100
such that rotary notion of the collar 46 is
transmtted to the sleeve 48, whilst permtting
adj ustnent of the angle of the axis of the sleeve 48,
and the drill bit 44 connected thereto, relative to
that of the collar 46. Actuat%rs 52 are nmounted on the
collar 46 and co-operate with® he sleeve 48 to contro
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SensRvehallfinshifidndlendto @ Wired drill pipe coupling,
using variations in the coupling to provide the angle
information.In any of the arrangenents descri bed

her ei nbefore, where a wire drill pipe is provided, the
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signal bus for the entire downhole tool. It may be
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in

10 downhole tool.

The actuators of the arrangements described hereinbefore for use in controlling steering
may also incorporaie actuators operable to generate pressure waves in the drilling fluid,
which pressure waves can be sensed at a remote location thereby allowing the
15 transmission of date from the bottom hole assembly to, for example, the surface.
Aliernatively, such actuators may be located in a separate housing or sub and may be
connected via a wired drill pipe connection to allow power and/or data signals to be

supplied thereto.

20 In any of the arrangements described hereinbefore, the battery may be used to power a
drilling mechanics module which may be connected via a wired drill pipe data bus, and

hence may be located remotely from the steering tool.



an arrangenent of the type shown in Figures 2 and 3,

and/ or across a downhol e notor, for exanple a nud
wponevedoerot or. The battery may power the w r eRCTDE1008/068100

pi pe power/signal transm ssion signal. In the

arrangenents described herei nbefore, a wired dril

pi pe connection may be used to upload and/ or downl oad

data or programinformation to or fromthe downhol e

tool. The actuators of the arrangenents descri bed

her ei nbefore for use in contrdlling steering may al so

i ncorporate actuators operable to generate pressure
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drilling pipe to neasure flow rate. A Di

10 Although not ilustrated in the accompanying drawings, the arrangement of figures 2
and 3 may incorporate a motor operable to rotate the collar 46, sleeve 48 and bit 44.
For example, the collar 46 may be mounted upon or otherwise connected to the
driveshaft of the motor and be laterally supported upon radial bearings and thrust
bearings. Pressurised drilling fluid for use in the actuators 52 may be supplied from the

15 remote end of the motor via a passage formed in the rotor thereof and through the

driveshaft, The driveshaft is conveniently of a flexible titanium material.

In an alternative configuration, the actuators 52 may be mounted upon the stator of the
motor, the control unit for the actuators 52 being located above the motor and
20 conveying fluid under pressure through passages formed in the stator to the actuators
52. A flexible driveshaft connected to the rotor of the motor may pass through the
universal joint, supported upon radial bearings, to drive the drill bit 44 which is

supported upon thrust bearings on the sleeve 48.



stabl e actuator may be used to isolate the supply of

drilling fluid to the pistons in the event of an over
Wpemwasees event bei ng sensed, for exanpl e due REI/US2008/068100

nozzl es havi ng beconme bl ocked. In any of the

arrangements descri bed herei nbefore, the bi-stabe

actuator control unit and pul ser may be di nensioned to

fit within a collar of dianeter for 75mm upwards.

Al t hough not illustrated in the acconpanyi ng draw ngs,

t he arrangenent of figures 2 ¥nd 3 may i ncorporate a

not or operable to rotate the collar, 46, s|eeve 48 d

bi t Akgrmatpysly. g slipyeet® Phebewrpesied 46 ﬂ’m‘%e‘l ST?BE}}?{"é&“‘ﬁg’B"ﬁby

or otherw se connected to the driv aft .of the notor

o S 1, B 1 o i SrrRerp s M B i e By e

thrust bearings. Pressurised.drilling,fl.uid.for i

t ne St on8 B TR R bR S teirervonotiee Mt Mafyided

of the. notor ,vi r '

and Py et e RERT0R BB bidhal Ghhs & BRAGR e

Cf) nYn?@é @Jm'nj: Meegg 4@re@ti€8(£o%eeco§l.hr[ &N 1hU géng&tcgﬁ\jeﬁilenﬂylﬁging hounted
a f t t 52 b

ternative configuration, e actuators may bpe
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for the actuators 52 being | ocated above the notor and

conveying fluid under pressure through passages forned
in the stator to the actuators 52. A flexible
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pass through the universal joint, supported upon
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10 combination of these. The borehole may be drilled at any appropriate temperature or
pressure, and the system may be driven by mud, mist, and gas of any appropriate
density or viscosity. The borehole pressure may be less than, equal to or greater than
the formation pressure, and the system may be exposed to LCM. The system may be
used in the drilling of any earth formation and the borehole may be of any desired

15 diameter, and may be used in underbalanced drilling conditions. The tool may be
operated with a formation evaluation tool if desired. The bi-stable actuator may be
connected to a bypass channel which extends along the centre of the rotor of the motor
and may use the pressure as created by interrupting the flow of fluid through this bypass
channel to transmit information to the surface.

20

A small turbine may be used to charge the battery and may also receive downlink

information from the surface.



supported upon thrust bearings on the sleeve
48. Al ternatively, the sleeve 48 may be connected to
wa b@Iveed of the notor and thereby rotate theP@i/uUS20081068100

such an arrangenent there will be sliding contact
bet ween the actuators 52 and the sleeve and this wll
borne by a drilling fluid or oil |ubricated bearing.

In such an arrangenent it nay be desirable to provide
sensors to neasure the angle of the sleeve 48 rel ative
to the collar 46, the sensor &bnveniently bei ng
mount ed upon ., the stator of the [
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The borehol e pressure may be | ess than, equal to or
greater than the formati on pressure, and the system
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drilling of any earth formation and the borehol e may
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under bal anced drilling conditions. The tool nay be
operfadnele Wopdofahefiwehtidnl on eval uation tool if desired.
The bi-stable actuator nay be connected to a bypass
channel which extends along the centre of the rotor of
the notor and may use the pressure as created by
interrupting the flow of fluid through this bypass



channel to transmt information to the surface. A
smal | turbine nmay be used to charge the battery and
wWOorepoad299 r ecei ve downl i nk i nformation from t hBCT/US2008/068100
surface. A rotary speed sensor on equi pnent | ocated
bel ow the notor may receive downlink information by
converting variations in drilling fluid flow rate at
the surface to rotary speed variations down hol ed by
nonitoring variations in the gperating speed of the
notor. It will be appreciated“fhat a W de range of
nodi fi cati ons and alteratioEﬁ H&% be may to the
exanpl es or enbodi nents of R vention descri bed
her ei nbefore wi thout departing fromthe scope of the
i nvention. CLAIM5S 1. A rotary steerable drilling system

comyr | Si Rgrof Haggeargb dl%hrtlge dy t ﬁxg r%) % & ro&lta%[)ai!xcjugng (Rgving a

steerlng ac ors noun

i nd 'pﬁﬁfﬂ“}a M ¥tﬁe1fﬁgta\é\ﬁﬁgrs M J‘u{)@& ttl?egeo QQd %gvgcp? quawdually, between

positions, ctuators being e ECtFIC

CONLLOLALAnd JERI DBLIGERSE Y 1he T26ARESE belng e‘fé&ﬁﬁlﬂw controlled, and a
el ectrical power to the actuators. 2. A system

ac C @5 Ao ed® fipPly lzl:ect%h‘l?fnﬁileﬁ i theacifaforsat or s i ncl ude
pi stons and val ves controlling fluid supply to the
pi stons. 3. A systemaccording to Caim?2, where the
val ves are electrically controlled. 4. A system
accar di ng s¢sencdcadromgd to Glkigyrle whérein 8etatiaiiat schtdepistons and valves
bi - st abl e.

controlling fluid supply to the pistons,
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3. A system according to Claim 2, where the valves are electrically controlled.
4, A system according to claim 1, where the actuators are bi-stabie.

15 5. A system according to claim 1, wherein the battery is rechargeable,
6. A system according to Claim 5, wherein the battery to rechargeable by being
electrically connected to a surface located or otherwise located power source.

20 7 A gystem according to claim 1, wherein the battery also supplies power to other
equipment.
8. A system according to Claim 7, wherein the battery supplics power io

communications equipment.



5. A systemaccording to claim1, wherein the battery
is rechargeable. 6. A system according to Caimb5,
wWaL®pe0299¢ he battery to rechargeabl e by bei ng PCT/US2008/068100
electrically connected to a surface |ocated or
ot herw se | ocated power source. 7. A system according
to claiml, wherein the battery al so supplies power to
ot her equi pnment. 8. A systemaccording to Claim?7,
wherein the battery supplies power to comruni cations
equi pnrent. 9. A systen1accordiﬁb to claim1, further
conprising a downhole drilling fluid operated notor.
10. A systen1according to claim1, further conprising

awged dril )|. pe nnect.i agn arr an t wher, .
ol k11 cROAreoRE 5 T s Cefi, S Tl iRl i
transnhéae bet ween conponents of the system 11. A

yst3ﬁ1accord|ng to claim1 wherein the operation of
the actuators is used to drive one or nore bias pads
agai nst the surface of a borehole, the resulting

reaciyl Onaf Qe cGkig thNGaifOf aﬁ;ﬁ@recohﬁ%iélh%]g wh QOGRS pipe

with a drill bit nmounted thereon, laterally to forma

devi3hdeOiibn a6l Reht WherSby IR irichl poli&r :R@HLRR! sBinald dan bBiransmitted
system according to clainms 1, wherein the drilling

SystiRfebScdafpohdd obthbEystbd ype, the operation of the
actuators serving to control the angular position of
the axis of

11. A system according to claim 1, wherein the operation of the actuators is used to
10 drive one or more bias pads against the surface of a borehole, the resulting reaction

force urging the rotatable housing, together with a drill bit mounted thereon, laterally to

form a deviation, dogleg or curve in the borehole.

12. A system according to claims 1, wherein the drilling system is of the hybrid
15 type, the operation of the actuators serving to control the angular position of the axis of

a sleeve relative to that of a collar.

13. A system according to Claim 12, wherein a downhole motor is connected to the
sleeve and is operable to drive a drill bit for rotation.

20
14. A system according to Claim 12, wherein a downhole motor is connected to the

collar and is operable to drive the sleeve for rotation relative to the collar.



a sleeve relative to that of a collar. 13. A system

according to Caim12, wherein a downhole notor is
waeanneeed to the sl eeve and i s operable to drP@BEUS2008/068100

drill bit for rotation. 14. A system according to

G aim12, wherein a downhole notor is connected to the

collar and is operable to drive the sleeve for

rotation relative to the collar.15. A system according

to Caim112, wherein a downhole notor is operable to

drive the collar for rotationl

15. A system according to Claim 12, wherein a downhole motor is operable to drive

the collar for rotation.



