
1 Rotary Steerable Drilling System Background to the Invention  This
invention relates to a rotary steerable drilling system for use in the drilling
of boreholes 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 borehole
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. 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 or sub. By controlling the angular
position of the bent housing or sub, the bit can be pointed in a direction in
which drilling is desired. 5A further form of steerable drilling systems is a
hybrid of the above-described arrangements, comprising a rotatable
collar, a sleeve mounted on the collar so as to be 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 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
substantially a desired orientation whilst the collar rotates. A hybrid
system of this type is described in, for example, GB 2406110. 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. 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 power. The battery is conveniently
rechargeable, for example by being electrically connected to a surface
located or otherwise located power source.  3       In addition to supplying
power to the actuators, the battery may also power other equipment. For
example, it may be used to power an actuator used to transmit data to the
surface or downhole from the surface. 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
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 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 the angular position of the axis of a sleeve relative to that of a
collar. 



20 Brief Description of the Drawines  The invention will further be
described, by way of example, with reference to the accompanying
drawings, in which:  4 Figure 1 is a diagrammatic view illustrating part of a
stecrable drilling system; and Figures 2 and 3 illustrate an alternative
drilling system. 5 Detailed Description of the Drawings  Referring firstly to
Figure I 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 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 drives the drill bit 18 for rotation.
The pistons 12 arc 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
cylinders 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  5 valves 24, control unit 26 and sensors 28 are electrically
powered from a load cell or battery 30. In use, drilling fluid is supplied to
the system, causing the motor 16 to drive the 5 housing 10 and bit 18 for
rotation. The rotation of the bit 18, in combination with an applied weight
on bit load causes the bit 18 to scrape or otherwise remove formation
material, increasing the length of 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 



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 bi-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 24a in the stable positions. Consequently,  6 in use, little power
is consumed and the battery 30 is capable of powering the actuators 24a
for a period of time. The battery 30 may be removably mounted so as to
allow replacement thereof, 5 when desired, for example by being
conveyed on a wire. Thus, for example, when it is determined that the
stored power is running low, the battery can be removed and replaced by
a fully charged battery. Alternatively, the battery 30 may be rechargeable
and arranged to be charged in situ. For example, it could be recharged
using an electrical cable lowered from the surface, when required, and
connected to the battery 



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
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 drilling 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  7 



remote location. The mechanism may include a magnet which, in use,
moves relative to a coil thereby generating electrical power. Figures 2 and
3 illustrate 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 arc 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.  8       In any of the arrangements described
hereinbefore, where a wire drill pipe is provided, the wired drill pipe may
be used to form a power and/or signal bus for the entire downhole tool. It
may be used to transmit power and/or signals to the sleeve, in an
arrangement of the type shown in Figures 2 and 3, and/or across a
downhole motor, 5 for example a mud powered motor. The battery may
power the wired drill pipe power/signal transmission signal. 



In the arrangements described hereinbefore, a wired drill pipe connection
may be used to upload and/or download data or program information to or
from the 10 downhole tool. The actuators of the arrangements described
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
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.  9 A
pressure transducer may be provided to monitor the drilling fluid pressure
change across a restriction connected to the wired drilling pipe to measure
flow rate. A bistable actuator may be used to isolate the supply of drilling
fluid to the pistons 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 may be dimensioned to fit within a collar of diameter for 75mm
upwards. 10 Although not illustrated 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.  10 Alternatively, the sleeve 48
may be connected to the rotor of the motor and thereby rotate the bit. In
such an arrangement there will be sliding contact between the actuators
52 and the sleeve and this will borne by a drilling fluid or oil lubricated
bearing. In such an arrangement it may be desirable to provide sensors to
measure the 5 angle of the sleeve 48 relative to the collar 46, the sensor
conveniently being mounted upon the stator of the motor. As in
conventional systems, the motor drive system is conveniently suspended
in the borehole on a drill pipe, coil tubing, composite tubing, wire line or
tractor system or any 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
condition& The tool may be operated with a formation evaluation tool if
desired. The hi-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.  11 A rotary speed sensor
on equipment located below the motor may receive downlink information
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
system comprising a rotatable housing having a plurality of steering
actuators mounted thereon and movable, individually, between retracted
and extended positions, the actuators including pistons and valves
controlling fluid supply to the pistons, characterized in that:       the
actuators are electrically controlled via a battery disposed in the rotary
steerable drilling system for use downhole to supply electrical power to the
actuators.  2. A system according to Claim 1, where the valves are
electrically controlled. 
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CLAIMS 

 

1. A rotary steerable drilling system comprising a rotatable housing having a 

plurality of steering actuators mounted thereon and movable, individually, between 

retracted and extended positions, the actuators including pistons and valves 

controlling fluid supply to the pistons, characterized in that: 

the actuators are electrically controlled via a battery disposed in the rotary 

steerable drilling system for use downhole to supply electrical power to the actuators. 

 

2. A system according to 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 

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



 

 

13

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

to 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.  

 

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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