1 Rotary Steerable Drilling System Background to the Invention This
invention relates to a rotary steerable drilling system for use in the drilling
WLHBRRE%es Summary of the Invention Rotary steerable drilliR§ESAA$L68100

are known in which a housing having a plurality of 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 borehole

and the resulting reaction force applies d laterally directed force to the
housing which can be used in achlevm steering. As the housing rotates
substantially continuously, ¥ g.Stesiable DollingavaeRY that the bias pads

must be exhengled anttj r tr{;lcted in turn In synchronism with the rotation of
the housmg-ﬁ%-érﬁ%%%*ﬁ?e%%ﬂ?ed laterally directed force to be applied in
a subgiantiollyide NI JitsaliPRedBRRMRARIAE WPIGRINMRVESIRY of

piston arrangements, valves being provided to control the supply of fluid to
the pigteBolld. the past the valves have been

5
Summary of the Invention
Rotary steerable drilling systems are known in which a housing having a plurality of
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.



incorporated into a single rotary control valve. The torquer devices or the

like used in 20 controlling the operation of the rotary valves consume
WQeRPquantities of electrical power. In order to provide tRCREEEE88(PYS8100

power levels, downhole located generators have been used. Other

arrangements involve the use of electromagnetically actuated valves, for

example of bistable form, which consume significantly less electrical

power. 2 Another form of steerable drilling system uses a rotatable

drill bit mounted upon a bent housing or2sub. By controlling the angular

position of the bent housing or sub, the bit can be pointed in a direction in

which drillidgetherderaaf seembisdilfassysraussieirhin il piapaiedppon

hybrid of the above-d ibed arrangements, com risir} a ot%able
 be b,
collaf %Iglg%'\lfén ﬁ%rusﬁgégé n goglg tr‘ﬁgé‘ T hETS a?a%}f(ea %ﬁ%re%ﬁlﬁ,géu s

universakjintegrmiting ANLRkL BavemantabResirave relative to the
collar to allow tilting of the axis of the sleeve relative to that of the collar.

Actuators control the relative angles of the axes of the sleeve and the
collar. By 10 appropriate control of the actuators, the sleeve can be held in
stbstantialty fithesifersnsisiraniln dillirg steasiisra Brhrissolhs abaye-described

system of this type is described in, for example, GB 2406110. Accordin
to tna FYAET AR &/5 ) fied padne HEES % e

o OTHRG L St St LBl Srifng
rotatable therewith, a universal joint permitting angular movement of the sleeve relative
to the collar to allow tilting of the axis of the sleeve relative to that of the collar.
Actuators contro} the relative angles of the axes of the sleeve and the collar. By

10 appropriate control of the actuators, the sleeve can be held in substantially a desired

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.



15 system comprising a rotatable housing having a plurality of steering
actuators mounted thereon and movable, individually, between retracted
WQANUMWEHed positions, the actuators being electrically contr8iddU 988468100
battery arranged to supply electrical power to the actuators. 20The
actuators conveniently include pistons and valves controlling fluid supply
to the pistons, the valves being electrically controlled. Preferably, the
actuators are bistable. Consequently, little electrical power is consumed
and a battery can provide the required Bower. The battery is conveniently
rechargeable, for example by being electrically connected to a surface
located or Btrddiiradaserpbing BowST oiliFastuators, the baeri Bt S1RISTAer
power to the actuators, the battery may also power other equipment. F
exarf BB hal hEABAIS b Ry, BF RIS Bars e e o
surfageofpdeunirlaiemdhsnsuiage. 5The system conveniently further
includes a downhole drilling fluid operated motor, for example for driving
the drill bit for rotation or for use in orientating other downhole
components. Where the battery is rechargeable by being connected

td the surfdde srsemorerisnisatip ity belndatie dewrbdandrdling fivjsipperated

arrangement. The, drilling system may be of the type in which .
operBsh A7FemBlE deb e T doorason o P 5 ohentging ger
the %%ﬁ&&é&p&{&lﬁ&'e’ the resulting reaction force urging the rotatable
housing, together with a drill bit mounted thereon, 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 to
control theVéhryei ghepbrsieiin infrashaggerblsf by sheinge qetpgpied tépthan srsdpce, the

collar. , . . .
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:



20 Brief Description of the Drawines The invention will further be

described, by way of example, with reference to the accompanying
WQIRANIREZ 't which: 4 Figure 1 is a diagrammatic view illustraifnly Pe8{048100

stecrable drilling system; and Figures 2 and 3 illustrate an alternative

drilling system. 5 Detailed Description of the Drawings Referring firstly to

Figure | there is illustrated, diagrammatically, part of a downhole steerable

drilling system comprising a sleeve or housing 10 having pistons 12

associated 4

Figure 1 is a diagrammatic view illustrating part of a steerable drilling system;

and

Figures 2 and 3 illustrate an alternative drilling system.

Detailed Description of the Drawings

Referring firstly to Figure 1 there is illustrated, diagrammatically, part of a downhole
steerable drilling system 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



therewith, each piston 12 being movable to move an associated bias pad
14 between an 10 extended, radially outward position and a retracted

Whaafien29%8¢ an end of the housing 10 is located a downhole nk6tbU$E08/068100
conveniently in the form of a drilling fluid or mud powered 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 #irives the drill bit 18 for rotation.
The pistons 12 arc moved from their retracted positions toward their
exte1ARES FsRARTEIBIL 3P IRAG ARiAS) Haisleiierly hreedaidren thipad coll or
cylingletrs 2 0associated therewith, return movement occurring as the
driIIinga {‘ﬁ'ﬂ’ 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
cylinders 20 from a high pressure line 23 is controlled by control valves
24, the opdraitendafling ithidsSscoppieiiad by yconfralising tR6mising 6 to drive the
information derived from, for example, inclination and azimuth sensors 28.

The boviing 18 sadvis B Aoeetoruritopatiepeiilp bt 18 dpeunbitpion yith an

powered from.g load cell gr battery 3Q. I use, drilling fluid.is supplied to .
tho SR TR WO TPTRS Biid e ot TR B e i on

rotatighefhesoialing akinadil &S RermbiaionwEn afarpislyvaightal is

on bit load causes the bit 18 to scrape or otherwise remove formation
matesiadcthoreabingdhallapdilidof a borehole being formed. The removed
material is carried away by the drilling fluid. 10To achieve steering of the
drilling direction, the control unit 26 controls the

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,



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
WR20aYpetated that by urging a selected one of the pads 14 tBWHES3H§/068100
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 bi-stable
electbrsadiisionetrinropsumed aod sdriteandldssapphigreinpetip the actuators
desc[ﬂllgtefdr i{' l’rlggd%% o; bi-stable actuators 24a is advantageous in that
electrica pot?ver IS oan/ consumed during switching of the actuators 24a
between their stable positions, power not being consumed in holding the
actuators 24a in the stable positions. Consequently, 6 in use, little power
is consumatiecttidlye3 b aiteryeIonmsehyabtemépanvenin glite mphtatong thtecof,
for a period of time. The battery 30 may be removably mounted so as to
aflovvhepdssisade for srares by bngrerssiretiondrakaniBis iy sasgle, when it is
conve ed ona %ieTshth’ for example, i\{x\/h?nwit igedgztermined that the

wir
. 3 d
store f)%?/’vneerd |§hﬁtjnn|ng fg‘\;v,p ﬂ%veerblasttery can be remo‘gtéagacr?a rbé:pfggg‘ép%fn

a fU'bé;ﬁm a%ﬁ@%a&%ﬂﬁﬂé%%l@ﬁah@gﬁrﬁ@@a&&ﬁy ﬁ%@t@f&%ﬁ?ﬁble

and arranged to be charged in situ. For example, it could be recharge
usingmdnetegtical bakiedgataredifronfdéhexamghcd; whkhveaehagednsing an
connected to the battery

electrical cable lowered from the surface, when required, and connected to the battery
10 30. Aliernatively, it may be recharged using a wired drill pipe 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



10 30. Alternatively, it may be recharged using a wired drill pipe link in the

drill string 17 connected to a power source located at the surface or
WQRNHEA6 Although illustrated as being located adjaceGhd 819868100

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 sengor for use in receiving data

transmitted in the form of 20 pressure pulses in the drilling fluid it could

alterremeisiipentispidRhsrmsrpansndney i8oBR e magnsciidb indshveEalpEye to

bi-stable,é ‘%gtor, servin% as ait%draulic power source or controller for a
|

mecHdit é&i%efﬁtgﬁcéeﬁtgg I 8“6err'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 Rigarenatind IGiAsiFate an alternative form of steerable drilling system which

5 comprises a hybrid steering unit 40 carried by a rotatable drill string 42 and arranged to
carry a drill bit 44. The unit 40 comprises a collar 46 connected to the drill string 42
and a sleeve 48 connected to the collar 46 by a universal joint 50 such that rotary
motion of the collar 46 is transmitted to the sleeve 48, whilst permitting adjustment of
the angle of the axis of the sleeve 48, and the drill bit 44 connected thereto, relative to

10 that of the collar 46.

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.



remote location. The mechanism may include a magnet which, in use,

moves relative to a coil thereby generating electrical power. Figures 2 and
WM GEN alternative form of steerable drilling system whRGTHUS2008/068100

comprises a hybrid steering unit 40 carried by a rotatable drill string 42

and arranged to carry a drill bit 44. The unit 40 comprises a collar 46

connected to the drill string 42 and a sleeve 48 connected to the collar 46

by a universal joint 50 such that rotary motion of the collar 46 is

transmitted to the sleeve 48, whilst pernditting adjustment of the angle of

the axis of the sleeve 48, and the drill bit 44 connected thereto, relative to

10 that of tHeasy|kefrthe arrangapmarsdesegbedrberpiabifese) shamse conara BiRg s

- ith the sleeve 48 to control th | ition of the sl
. THE MR, 50 R, B E R0 hRTRCAA Sil B e
contrgl¥alkmmRdic A& B0 SRR bt %&éﬁ!ﬁfﬁéﬁahﬁ&‘&e sleeve, in

electrically controlled and drawing electrical power from a battery 54. The
battesy Héipaycheorahtagpabievaria MigieCh anddabid/oisingsanyiodthele motor,
previously described techniques. The battery 54 may also supply power to
aSersoexanisaniié nosieedanelountElr 2B gy B ASWE iHicuiRf BfltHuape

relative arzgles of the callar 46 and sleeve 48. The angle sensor may be
simil8P¥5" ‘&ﬂ?&%ﬁﬂ‘%&%@lﬁﬁmg, using variations in the coupling to

provide the angle information. 8 In any of the arrangements described
hereinbefore, where a wire drill pipe is provided, the wired drill pipe may

be used toTioms aranyuekRE diocritieh Atioinddiord hevardd drilbpinalant@tbnlinay
may be used to transmit power and/or signals to the sleeve, in an
arrarigemehtofuread padsholowHriigintesop pregramanionatierods of from the
downhole motor, 5 for example a mud powered motor. The battery may
ﬂgw W?Aﬁfgal'drill pipe power/signal transmission signal.

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.



In the arrangements described hereinbefore, a wired drill pipe connection
may be used to upload and/or download data or program information to or
WarpPtE9?9 downhole tool. The actuators of the arrangementB(EEAKE@68100
hereinbefore for use in controlling steering may also incorporate 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. Alternatively, such actuators may be located in a separate
housing or sub and may be connected via a wired drill pipe connection to
allowAppxsssmrgrithiodaretamsiy ba prevides! sopptiere dilion flpid piewptm shange
arrangements described hereinbefore, the Qﬁter may be useg to r;f)’owe& %.
drillirf§ R AHAFHAL PRSIITESEHilh oy 58 &Y %83/88 Gi&gR Wit Kipé °-
data fus, a00.08N6S TAYLRICSBEd Femaialy JFamhe SIREHNG (Blond i the
pressure transducer may be provided to monitor the drilling fluid pressure
changemcepss avasHisiien coanaiag torke, iticeksifioghping ineasdving
flow rate. A bistable actuator may be used to isolate the supply of drilling
fldid teadreebibrdngd in the event of an over pressure event being sensed,
for example due to nozzles having 5 become blocked. In any of the
arrangements described hereinbefore, the bi-stable actuator control unit
and pulser o e dlmansionad IR hulhin A colR el A RIGH (P edRR M
upwards. 10 tehoug not iMustrated In the accompanying drawings, the
arrangrpan afi g rameh b BioTa winse ROIRIL A Make: epasaiicuiavialate
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 upan radial bearings and thrust bearings.
BPestithersh diofinystraiadidt BeetromeatsIBrLing i BEngtpptte fietrs 2

the 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.



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

WORARH4RME an alternative configuration, the actuators 52 mayPo&/H30t€e8100
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 drivé&he drill bit 44 which is supported
upon thrust bearings on the sleeve 48. 10 Alternatively, the sleeve 48
mayAterehivrbnié tdegve #8tBrpPtheonstisd 4n dniabyir e tactae i Hereby
such an arrangement there will be slidin%ecorﬁsﬁi: between the%ac uators

ng

52 alffihd" e BnareRid ARSI R, Bets il YR Bre B rcaraKFen the

ICa

bearjng, 545N A0 A aRAL RNt MAK D&Qeﬁ;rqb&ﬁmfgwiﬁerscﬁﬂw&s@ed

measure the 5 angle of the sleeve 48 relative to the collar 46, the sensor
convaieit Vb aitgmaraigshtondhe etaéeitdid e praoids séusdn to measure the
conventional systems, the motor drive system is conveniently suspended
irf thenstsrehibrestsava #fitelatbie, te dhieted iprd G dba sensier semipiticnilir beipgrapunted
tractor system or gny 10 combination of these. The borehole may be
drilletP St SR S UPOBR AR e mperature 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 qiesstisa apsding Mt iaayds g aseshianidiy. shhsiedtiaimhe
may be used in the drilling of any earth formation and the borehole may
be obemijotasirdiill Diganed tebinm compspintubiuy Wire hercebtitaios axstam pheny
condition& The tool ma)%be operated with r‘?,h‘oqnation evaluation tool if
bifetté

TR FEPHET 61 R3O A Y B AHEIdl 10 Y PR RREI o
which SKRN SRR NG AT LRI ATAINGOR! BT U3 Bifue

pressure as created by interrupting the flow of fluid through this bypass

chanpetitp sranssstiynfonNBsieRole fhestéfasebe 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.
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by converting variations in drilling fluid flow rate at the surface to rotary
speed variations down holed by monitoring variations in the operating
speed of the motor. It will be appreciated that a wide range of

modifications and alterations may be may to the examples or

embodiments of the invention described hereinbefore without departing
from the scope of the invention. 12 CLAIMS 1. A rotary steerable drilling
systetnTelsrisresA gersestargsiuinmaisingateh slo v e ramsr srastdrglyg downlink

actuatqrs mounted thereon and.movahle,.indivi lly, between retracted
el TR BT ST SR I R P foaes o fotary
contr, é@wﬁﬂ%&gp@%ﬁ%% Qsiystﬂ@:?i't 1 @%ﬂ&@iiﬂtﬁ@a&beraﬁ&g%peed of the

actuators are electrically controlled via a battery disposed in the rotary
steerabler drilling system for use downhole to supply electrical power to the
actuators. 2. A system according to Claim 1, where the valves are
efectrically controlled.

1t will be appreciated that a wide range of modifications and alterations may be may to
the examples or embodiments of the invention described hereinbefore without departing

from the scope of the invention,
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electrically connected to a surface located or otherwise located power
source. 6. A system according tocglainyg, wherein the battery also
supplies power to other equipment. 7. A system according to Claim 6,
wherein the battery supplies power to communications equipment. 8. A

system AcgRiflingeteaplaitmifinf KRenCeoMIIRIAG a exviIeRodsiliealing a
operated motor. 9. A system according to claim 1, further.comprisin

R R S Rk A O R A e B  dagaal B tween
apd/gielntangignadadean RRitrarsmikeddastvieeheammpnasthof dhe valves

system. 10, A system accorgti(g% to claim 1, wherein the operation of the

aCRTHRIPg I RB IR AR e a2 A A Dl ainst the surface of a

boreholghetherigstiting sragtiany k3rfesiedwaingsherotripednausinestary
together with, a drill bit mounted thereon, Iatge/ralgét_o form a deviation,
o5k s

REPIGIAEI8 SYthB BbHSRORWNAYE JO SYRR HERLRRY Ao e fRcfuators.

wherein the drilling system is of the hybrid type, the operation of the

actuators serving to control ﬁh_e angvtfl]lar ﬁ]osition of the axis ?f a sle?vg
rative fbsmmgcgog@mrt_o Claim 1, Where the valves are electrically controlled.

3. A system according to claim 1, where the actuators are bi-stable.
4, A system according to claim 1, wherein the battery is rechargeable.

5. A system according to Claim 4, wherein the battery is rechargeable by being
electrically connected to a surface located or otherwise located power source.

6. A system according to claim 1, wherein the battery also supplies power to

other equipment.

7. A system according to Claim 6, wherein the battery supplies power to

communications equipment.

8. A system according to claim 1, further comprising a downhole drilling fluid

operated motor.

9. A system according to claim 1, further comprising a wired drilling pipe
connection arrangement whereby electrical power and/or data signals can be

transmitted between components of the system.

10. A system according to claim 1, wherein the operation of the actuators is used
to drive one or more bias pads against the surface of a borehole, the resulting reaction
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to the collar and is operable to drive the sleeve for rotation relative to the

cothab. ufind IRy RSRMLRCROUS A (R laiMithla wilEHRIMaudRw HeeenMelasls
operable to drive the collar for rotation.
o form a deviation, dogleg or curve in the borehole.

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

of a sleeve relative to that of a collar.

12. A system according to Claim 11, wherein a downhole motor is connected to

the sleeve and is operable to drive a drill bit for rotation.

13. A system according to Claim 11, wherein a downhole motor is connected to

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

14. A system according to Claim 11, wherein a downhole motor is operable to

drive the collar for rotation.
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