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Description

[0001] This invention relates to a drilling system for
use in the formation of boreholes, for example for the
subsequent extraction of oil or natural gas. The invention
relates, in particular, to a system which is capable of be-
ing steered so as to allow the path followed, during for-
mation of the borehole, to be controlled.
[0002] A number of steerable drilling systems are
known. One such system comprises a bias unit connect-
ed to a drill bit. The bias unit includes a number of mov-
able pads, the pads each being movable, in use, between
a retracted position and an extended position. Each pad,
when in its extended position, bears against the wall of
the borehole, applying a laterally acting force to part of
the bias unit and to the drill bit carried thereby. EP 0 728
909, which is considered the closest prior art document,
discloses such a system.
[0003] The pads are typically arranged to be moved
by associated pistons to which fluid under pressure, typ-
ically drilling fluid or mud, is supplied through a control
valve arrangement.
[0004] In use, the bias unit and drill bit are rotated, for
example by a downhole motor or by rotation of the asso-
ciated drill string. In order to apply a laterally acting force
to the drill bit in the chosen direction, so as to change the
drilling direction, the pads are moved from their retracted
positions to their extended positions in turn in synchro-
nism with the rotation of the bias unit, and this is achieved
through appropriate control of the control valve.
[0005] Other systems operate by pointing the bit in the
desired drilling direction instead of pushing the bit to form
a curve oriented in the desired direction. These systems
all make use of devices located behind the bit which are
generally relatively complex and costly.
[0006] Another system makes use of the weight-on-bit
applied to the bit to achieve a degree of steering. In such
an arrangement, a stabiliser is located close to the bit. A
change in the applied weight-on-bit causes the bit to tilt
about the stabiliser, causing a change in the inclination
thereof. Although this technique can be used to control
the bit inclination, and hence the build or drop tendency
of the bottom hole assembly, control over the azimuth
angle is not achieved.
[0007] According to one aspect of the present inven-
tion, there is provided a steerable drilling system for drill-
ing a well in an earth formation, the system comprising
a drill string having a drill bit secured to the end thereof,
the drill bit comprising a bit body having a plurality of
cutters attached thereto, characterized in that the bit body
includes a control arrangement and a movable member,
the control arrangement being arranged, in use, to adjust
the position of the movable member in a phased relation-
ship with the rotation of the drill bit with respect to the
formation, the movable member being arranged to adjust
the operation of at least one of the cutters and thereby
control the drilling direction of the drill bit.
[0008] The movable member may form one of said cut-

ters.
[0009] Alternatively, the movable member may com-
prise a gauge pad region of the drill bit, said gauge pad
region being disposed adjacent said at least one cutter
and movable by the control arrangement to contact the
formation and thereby reduce the exposure of said at
least one cutter to the formation.
[0010] In another alternative, the at least one cutter
may be retractable, the control arrangement being ar-
ranged to move the retractable cutter between its retract-
ed and unretracted states.
[0011] In yet another alternative, the movable member
comprises a deflectable part of the bit body of reduced
wall thickness adjacent said at least one cutter.
[0012] As another alternative, the movable member
comprises an inflatable cutter cover forming part of the
bit body, and the control arrangement is arranged to
cause the inflatable cover to render said at least one cut-
ter inactive.
[0013] In a still further alternative, the control arrange-
ment is arranged to adjust the operation of said at least
one of the cutters by varying its exposure to the formation
being drilled
[0014] Adjustment of the operation of said at least one
cutter may result in an alteration in the depth of cut of the
bit, or may after the symmetry of hole propagation.
[0015] The adjusting mechanism may comprise a
snubber, operable to result in the depth of cut being non-
uniform across the face of the bit.
[0016] The at least one cutter may movable to result
in the depth of cut being non-uniform across the face of
the bit.
[0017] The system preferably further comprises at
least one sensor sensitive to the drilling direction, the
adjusting mechanism comparing the sensed drilling di-
rection with a desired drilling direction and using the result
of the comparison in adjusting the phase of the adjust-
ment of the position of the movable member
[0018] According to another aspect of the invention,
there is provided a method of drilling a well in an carth
formation using a drill string having a drill bit secured to
the end thereof, the drill bit comprising a bit body having
a plurality of cutters attached thereto, the method being
characterized by providing the bit body with a control ar-
rangement arranged, in use, to adjust the position of a
movable member in a phased relationship with the rota-
tion of the drill bit with respect to the formation so as to
adjust the operation of at least one of the cutters and
thereby control the drilling direction of the drill bit.
[0019] The invention will further be described, by way
of example, with reference to the accompanying draw-
ings, in which:

Figure 1 is a diagrammatic view illustrating part of a
stecrable drilling system in accordance with one em-
bodiment of the invention, in use;

Figure 2 illustrates, diagrammatically the drill bit of
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the embodiment of Figure 1;

Figures 3 and 4 illustrate alternative designs of drill
bit;

Figures 5 to 7 illustrate an alternative embodiment;

Figure 8 illustrates another embodiment;

Figures 9a and 9b illustrate another embodiment;

Figures 10a, 10b and 10c illustrate further embodi-
ments;

Figures 11a and 11b illustrate another embodiment;
and

Figure 12 illustrates a further embodiment.

[0020] The steerable drilling system illustrated, in part,
in Figure 1 comprises a drill bit 10 forming part of a bottom
hole assembly arranged to be rotated from the drilling
rig’s top drive or rotary table. The assembly 12 is carried
by a drill string 14 incorporating a number of other down-
hole components, for example downhole stabilisers, sen-
sors and the like. As shown in Figure 2, the drill bit 10
comprises a bit body 16 from which a plurality of upstand-
ing blades 18 extend. Each blade 18 is provided with a
series of cutting elements 20 arranged such that, in use,
upon rotation of the drill bit whilst an axially directed load
is applied thereto, the cutters 20 serve to gouge, abrade,
or scrape material from the formation in which the bore-
hole is being formed. Drilling fluid is supplied to the drill
bit 10 and discharged through nozzles (not shown) ar-
ranged to direct drilling fluid so as to flow over and around
the cutting elements 20 for the purposes of cooling and
cleaning the cutting elements 20. The drilling fluid is sup-
plied to the drill bit 10 under pressure, and after serving
to clean and cool the cutters 20, the fluid returns to the
surface, or to another location, carrying the removed for-
mation material with it.
[0021] As illustrated in Figure 2, the bit body 10 is pro-
vided with at least one radially movable member in the
form of a movable blade 22, the movable blade 22 being
movable between a radially retracted position as indicat-
ed by the full lines in Figure 2 and a radially extended
position as illustrated by the dotted line in Figure 2. The
movable blade 22 is movable between these positions
by means of a piston 24 movable within a cylinder 26.
Drilling fluid under pressure is supplied, in use, to the
cylinder 26 through supply lines 28 and a control valve
30, the control valve 30 controlling the timing of such
supply. A restricted flow passage (not shown) is provided
to allow fluid to escape from the cylinder 26, and thereby
allow the blade 22 to return to its retracted position.
[0022] In use, when it is desired to effect a change in
direction in which drilling is occurring, the control valve
30 is operated, repeatedly, so as to supply drilling fluid

under pressure to the cylinder 26 and thereby urge the
blade 22 to its radially extended position, and allow the
fluid to escape allowing the blade 22 to return to its re-
tracted position, in synchronism with the rotation of the
drill bit 10 such that the blade 22 always occupies its
extended position when the drill bit 10 is in the same
angular position relative to the surrounding formation and
occupies its retracted position at other times. It will be
appreciated that the repeated, cyclical movement of the
blade 22 to its extended position in phased relation to
the rotation of the bit results in the application of a side-
ways or laterally acting load, in a substantially uniform
direction, to the bit body 16 with the result that the drill
bit 10 is urged to form a curve in the borehole being
formed.
[0023] The blade 22 may be devoid, at its outer radial
part, of cutters, or alternatively cutters may be provided
at the outer radial part thereof. Where the outer radial
part of the blade 22 is provided with cutters; then the
borehole being formed will partially propagate in the di-
rection in which the blade 22 is displaced. Where the
outer radial part of the blade 22 is not provided with cut-
ters and is essentially blunt, then the movement of the
blade 22 will serve to urge the remainder of the bit, and
the direction of propagation of the borehole, in the oppo-
site direction. In either case, the contact between the
blade 22 and the wall of the borehole will cause the bit
to tend to roll about the point of contact, resulting in the
bit being urged in a direction perpendicular to both the
axis of the bit and the line of contact between the bit and
the formation. Clearly, therefore, the combination of
these, and other, effects results in the motion of the bit
and the direction of propagation of the borehole will be
complex to determine.
[0024] Conveniently, sensors 34are associated with
the bit, or are located elsewhere, which are sensitive to
the direction in which the borehole is propagating. The
output of the sensors 34 may be used by a control unit
36 which serves to control the operation of the control
valve arrangement 30. For example, by comparing the
sensed direction of propagation (sensed using the sen-
sors 34) with a desired direction of propagation, the con-
trol unit 36 can vary the phase at which the control valve
arrangement 30 causes movement of the blade 22 to
steer the bit, and hence the direction of propagation, in
the desired direction. This can be achieved without full
apriori knowledge of the complex motion of the bit de-
scribed above.
[0025] The control valve arrangement 30 could take a
range of forms. For example, it could comprise a rotary
valve, a control shaft of which is connected to a suitable
roll stabilised platform or component or to the output of
a suitably controlled motor. Another possibility is to use
an appropriate bi-stable actuator/valve arrangement. For
example, a low-power, electrically operated actuator
could be used to control a suitable mud-valve which, in
turn, controls the supply of fluid under pressure to the
cylinder 26 and associated piston 24. The actuator and/or
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the valve may be designed to be of bistable form. How-
ever, a range of other arrangements are possible.
[0026] Although Figure 2 only illustrates the provision
of a single movable blade 22, it will be appreciated that
a plurality of such blades may be provided, each movable
blade being independently movable between its retract-
ed and extended position under the control of, for exam-
ple, the control valve 30.
[0027] Alternative techniques for moving the movable
blade may be employed, including bi-stable arrange-
ments, for example as outlined above, designed so that,
once the blade is moved to its extended position it will
remain in that position, without requiring the continued
application of energy thereto, until it is desired to retract
the blade. Other possibilities include using shape mem-
ory alloys, piezzo electric devices and magneto restric-
tive or rheological materials to cause the blade to move
and/or to hold the blade against movement in both its
extended and retracted positions. The techniques used
to move the moveable members may be bi-stable in op-
eration, but this need not always be the case.
[0028] Further, although the movable blade 22 is
shown as being translatable, radially, between its extend-
ed and retracted positions, it could be designed so as to
be pivotally, or otherwise, movable. The blades may also
be movable in other directions. For example they could
be movable side-to-side. Figures 11a and 11b illustrate
an arrangement in which the movable blade 22 is pivotally
mounted upon the bit body 10, the blade. 22 being piv-
otally movable about an axis 22a to move the blade be-
tween a retracted position (illustrated in the full lines in
Figure 11a) and an extended position (denoted by the
broken line in Figure 11a). In this embodiment, the axis
22a lies substantially parallel to the axis of the bit body
10. As with the embodiment shown in Figure 2, the blade
22 is moved using a piston 24 slidable within a cylinder
26, fluid under pressure being supplied to the cylinder
26, in use, through a suitable valve arrangement, allow-
ing the operation of the bit to be controlled in a manner
similar to that described hereinbefore. Figure 12 illus-
trates another, similar, possibility in which the blade 22
in pivotally mounted to the bit body 10, the pivot axis 22a
being substantially perpendicular to the axis of the bit
body 10, in this arrangement.
[0029] Figure 3 illustrates an alternative embodiment
in which rather than provide the bit 10 with one or more
movable blades 22, the bit 10 is provided with one or
more movable members in the form of movable gauge
pads .32 movable between radially retracted and radially
extended positions in a manner similar to the manner in
which the movement of the blades 22 is triggered. Control
over the steering direction achievable using such a bit is
achieved in a manner very similar to that described here-
inbefore and with reference to Figures 1 and 2. It will be
appreciated that any of the techniques outlined herein-
before may be employed to move the movable gauge
pads.
[0030] When using a drill bit having no moving parts,

the cutters are typically arranged on the bit in an asym-
metric pattern, and thus the bit is out-of-balance. The
result of this is that, when drilling straight ahead, the over-
all motion of the bit is straight ahead but with a small
scale helical motion superimposed on to the straight
ahead movement. If the symmetry of the bit can be
changed, in use; imphased relation to the rotation of the
bit, then the out-of-balance forces can be used to urge
the bit in a constant, chosen direction and thereby to
achieve steering thereof.
[0031] Figure 4 illustrates a drill bit designed to operate
in this manner and comprising a bit body 42 having a
plurality of blades 44 provided thereon. Each blade 44
carries a series of cutting elements 46. One or more of
the blades 44 includes a movable member in the form of
a movable component 48 upon which some of the cutting
elements 46 are mounted. The movable component 48
is movable by means of a piston arrangement to which
drilling fluid under pressure can be supplied by a suitable
control valve arrangement, but could alternatively be
moved using any of the other techniques outlined here-
inbefore.
[0032] The design of the drill bit is such that when the
movable component 48 occupies its extended position,
and so the cutters mounted thereon engage the formation
in which the borehole is being formed, the out-of-balance
forces are different to when the movable component 48
occupies its retracted position. For example, the bit may
be substantially balanced when the movable component
48 occupies its extended position, and out-of-balance
when the movable component is retracted. When out-of-
balance, a laterally acting force is applied to the bit, in
use. It will be appreciated that by moving the movable
component 48 between its extended and retracted posi-
tion in synchronism with the rotation of the drill bit, at least
once during each rotation; the out of balance forces which
vary upon such movement occurring, can be used to urge
the drill bit to drift in a desired direction, and thereby
achieve steering of the drill bit.
[0033] Of course, the design of the bit could be such
that retraction of the component 48 results in the bit be-
coming more, rather than less, balanced.
[0034] Although Figure 4 only illustrates the provision
of one movable component, more such components may
be provided. The position(s) need not be as illustrated,
and may be chosen to suit the bit design. The manner in
which the component is moved need also not be as illus-
trated, and systems other than hydraulically powered
systems may be used. The number of cutters on the mov-
able components could be changed, and even whole
blades or sets of blades could be moved, if desired.
Where two or more blades are movable, movement
thereof could be controlled independently to allow very
good control over the out-of-balance forces.
[0035] Figures 5 to 7 illustrate a drill bit in accordance
with another embodiment of the invention. In this embod-
iment a drill bit is provided which includes a plurality of
fixed blades 50 on which cutters 52 are mounted. The
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bit further includes, on the blades 50, a series of gauge
pad regions 54. At least one movable member is provided
in the form of a movable gauge pad region 54a which is
radially movable between a retracted position as shown
in Figure 6 and an extended position as shown in Figure
7. In the retracted position, the cutters 52 provided on
the blades 50 adjacent the gauge pad region 54a are
exposed to the formation being drilled, these cutters 52
becoming obscured upon movement of the gauge pad
54a to its extended position. It will be appreciated that,
as described hereinbefore, the gauge pad region 54a
can be moved in synchronism with the rotation of the bit
such that the out-of-balance force is varied in synchro-
nism with the rotation of the bit, thereby enabling control
over the drilling direction.
[0036] Any of the techniques outlined hereinbefore
may be used to move the gauge pad region 54a.
[0037] Rather than, or in addition to, using the movable
gauge pad region 54a to control the exposure of one or
more cutters 52, it may be adapted to bear against the
formation being drilled and thereby apply a sideway act-
ing load to the bit, the gauge pad region 54a again being
moved in synchronism with the rotation of the drill bit.
[0038] Instead of, or in addition to, providing a movable
gauge pad region 54a, one or more of the blades 50 (or
parts thereof) may be movable to control the exposure
of at least some of the cutters 52 to control out-of-balance
forces and consequently drilling direction.
[0039] The movable gauge pad or blade (or part there-
of) need not be in the position or location illustrated, for
example a part of a blade located at the face of the bit
may be movable.
[0040] The movable gauge pad or blade may be de-
signed to be replaceable and/or disposable whilst other
parts of the bit are re-used. They could be constructed
using superhard materials such as PDC, TSP, tungsten
carbide or provided with a diamond coating.
[0041] Another possibility is illustrated in Figure 8. In
this arrangement, the bit is provided with a cavity 60 sup-
plied, in use, with drilling fluid or mud. The pressure at
which the drilling fluid or mud is supplied can be controlled
by controlling, for example, the operation of the pumps
used to deliver the fluid or using, for example, appropri-
ately located and controlled valves. The bit wall thickness
is non-uniform around the cavity 60, the bit including re-
gions 62 of relatively great wall thickness and at least
one region 64 of relatively low wall thickness. The wall
thicknesses are chosen such that the regions 62 deflect
or deform very little when the pressure within the cavity
60 varies, such pressure variations causing relatively
large deflections to occur in the region or regions 64. In
Figure 8, the solid lines show the bit when the cavity 60
is at low pressure, the broken lines illustrating the bit
when the cavity 60 is at an increased pressure. For clarity,
the deflection is exaggerated in Figure 8.
[0042] As shown in Figure 8, the bit carries cutters 66.
It will be appreciated that some of the cutters 66 are
moved upon deflection of the region 64, varying the out-

of-balance forces on the bit and thereby enabling control
over steering, or cutting into the formation at varying
depths to achieve steering of the bit, the deflection being
controlled to occur in synchronism with the rotation of the
bit.
[0043] Although in the arrangement shown in Figure 8
deflection of the region 64 is used to move some of the
cutters 66, it could alternatively be used to move a gauge
pad region to vary the exposure of nearby cutters.
[0044] Figures 9a and 9b illustrate an alternative, way
of varying the exposure of cutters, comprising providing
a bit with an inflatable cutter cover 68. Figure 9a illustrates
the cover 68 in a deflated condition in which the adjacent
cutters 70 are exposed, Figure 9b illustrating the cover
68 in an inflated condition in which the adjacent cutters
70 are rendered inactive thereby avoiding cutting by
those cutters. Again, it will be appreciated that by con-
trolling inflation/deflation of the cutter cover 68 in a timed
relationship with the rotation of the bit, control over drilling
direction can be attained.
[0045] Figures 10a, 10b and 10c illustrate arrange-
ments in which individual cutters 72 are movable be-
tween extended and retracted positions, the cutters 72
being mounted in bores or sockets 74 formed in a rigid
bit body. Drilling fluid is applied to an inner end of each
cutter 72 urging the cutter towards its extended position.
Figure 10b illustrates the use of springs 76 urging the
cutters 72 towards their retracted positions, the cutters
72 moving to their extended positions when the fluid pres-
sure exceeds a predetermined level. When extended,
the cutters cut more deeply into the formation, and by
moving the cutters in time with the rotation of the bit,
steering control over the hole being formed can be
achieved. Figure 10c illustrates an arrangement in which,
when the pressure drops below a predetermined thresh-
old, the cutters 72 retract to a position in which they are
not exposed.
[0046] In these arrangements, fluid leakage past the
cutters is tolerable provided the flow rate is not sufficient
to cause excessive erosion.
[0047] By applying high frequency pressure modula-
tions to the drilling fluid, it will be appreciated that the
cutters of many of the embodiments described herein-
before will vibrate, and this may be used to weaken the
formation in a certain direction and thereby achieve steer-
ing and/or improved cutting efficiency.
[0048] It will be appreciated that a range of other steer-
ing techniques may be used with drill bits having com-
ponents movable in a phased relationship with the rota-
tion of the drill bit. For example, the cutting structure could
be controlled, in use, so as to produce a drill bit having
a phased controlled asymmetry of hole propagation. One
way in which this may be achieved is to provide the bit
with one or more movable components in the form of
snubbers, movable to limit the depth of cut of the bit.
Another way is to move the cutters instead of, or in con-
junction, with the moveable snubbers. The movable com-
ponents are movable, as with the other embodiments, in
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a phased relationship with the rotation of the drill bit so
as to vary the depth of cut across the face of the bit in
phase with the rotation of the drill bit causing the bit to
be laterally disturbed due to the imbalance of rock re-
moval and imbalance forces. The control system is ar-
ranged to determine the relationship of hole propagation
to the phase of cutter/snubber variation and to adjust the
phase accordingly to achieve the desired steering objec-
tives. As a result, a preferred off axis drilling direction can
be achieved Other techniques of controlling the direction
of hole propagation by phase control of aspects of rock
or formation removal by the bit are also possible within
the scope of the invention.
[0049] Another possibility is to use a bit with a fixed
cutting structure and arrange for it to be dynamically
pointed about a pivot point set within the bit in a phase
controlled relationship to the formation. In effect the pivot
point is a 2 degree of freedom universal joint allowing the
bit axis to be tilted (typically less than 10 degrees) with
respect to the local drill string central axis and capable
of transmitting the drilling load and torques to the bit. This
is different from conventional point the bit directional drill-
ing systems in that the centre point of the bit experiences
negligible lateral offset from the drill string central axis
as the bit drilling axis is tilted.
[0050] It will be appreciated that most of the arrange-
ments described hereinbefore require adjustments to be
made to the bit or cutting structure in a phased relation-
ship with the rotation of the bit, and this will require the
use of a fairly complex control system to control the op-
eration of, for example, the control valve using data in-
dicative of at least the angular position of the bit, the
current drilling direction and the desired drilling direction.
[0051] An alternative to using a complex system of this
type is to control a bit, for example bits of the general
type illustrated in Figures 3 and 4, in such a way that a
change in the fluid pressure drop across the bit causes
movement of adjustment of at least part of the cutting
structure of the bit, causing a change in the bits profile ,
and as a result changing the bit’s walk angle. The bit is
connected to a downhole stabiliser arranged such that a
change in the weight-on-bit applied to the system causes
the bottom hole assembly, or at least part thereof, to pivot
or tilt about the stabiliser and thereby changes the incli-
nation of the bit. It will be appreciated that, in such an
arrangement, varying the rate at which fluid is supplied,
and hence the pressure drop, can be used to control the
walk angle of the bit, and thereby allows control over
azimuth, and varying the applied weight-on-bit can be
used to control the inclination of the bit. These effects-
can be used, in combination, to achieve control over the
drilling direction in a simple and convenient manner.
[0052] In this arrangement, the bit or cutting structure
is only changed when a new walk angle is required, rather
than being modified in phase with the rotation of the bit,
thus it can be used with a much simpler control system.
[0053] Although the description hereinbefore de-
scribes one way of achieving movement of the movable

components of the drill bits described, it will be appreci-
ated that a range of other techniques for causing move-
ment of the movable components may be used without
departing from the scope of the invention. Further, al-
though in the arrangements described hereinbefore the
bit is rotated for example using power derived from the
drilling rig’s top drive or rotary table, it could alternatively
be connected to the output of a downhole motor, for ex-
ample a fluid driven motor, turbine, electrical motor or
the like.

Claims

1. A steerable drilling system for drilling a well in an
earth formation, the system comprising a drill string
(14) having a drill bit (10) secured to the end thereof,
the drill bit comprising a bit body (16) having a plu-
rality of cutters (18, 20) attached thereto, character-
ized in that the bit body (16) includes a control ar-
rangement (24, 26) and a movable member (22, 48,
54a, 64 or 68), the control arrangement being ar-
ranged, in use, to adjust the position of the movable
member in a phased relationship with the rotation of
the drill bit (10) with respect to the formation, the
movable member being arranged to adjust the op-
eration of at least one of the cutters and thereby con-
trol the drilling direction of the drill bit.

2. The system of claim 1, wherein the movable member
(22) forms one of said cutters.

3. The system of claim 1, wherein the movable member
comprises a gauge pad region (54a) of the drill bit,
said gauge pad region being disposed adjacent said
at least one cutter (50, 52) and movable by the con-
trol arrangement to contact the formation and there-
by reduce the exposure of said at least one cutter to
the formation.

4. The system of claim 2, wherein said one cutter (Fig.
10) is retractable, and the control arrangement is ar-
ranged to move the retractable cutter (72) element
between its retracted and unretracted states.

5. The system of claim 1, wherein the movable member
comprises a deflectable part (64) of the bit body (Fig.
8) of reduced wall thickness adjacent said at least
one cutter (66).

6. The system of claim 1, wherein the movable member
comprises an inflatable cutter cover (68) forming part
of the bit body (Fig. 9), and the control arrangement
is arranged to cause the inflatable cover to render
said at least one cutter inactive.

7. The system of claim 1, wherein the control arrange-
ment is arranged to adjust the operation of said at
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least one of the cutters by varying its exposure to
the formation being drilled

8. The system of any one of claims 1 to 7, wherein
adjustment of the operation of said at least one cutter
results in an alteration in the depth of cut of the bit.

9. The system of any one of claims 1 to 7, wherein
adjustment of the operation of said at least one cutter
alters the symmetry of hole propagation.

10. The system of claim 9, wherein the control arrange-
ment comprises a snubber, operable to result in the
depth of cut being non-uniform across the face of
the bit.

11. The system of claim 9 or claim 10, wherein said at
least one cutter is movable to result in the depth of
cut being non-uniform across the face of the bit.

12. The system any preceding claim, further comprising
at least one sensor sensitive to the drilling direction,
the adjusting mechanism comparing the sensed drill-
ing direction with a desired drilling direction and us-
ing the result of the comparison in adjusting the
phase of the adjustment of the position of the mov-
able member.

13. The system of any preceding claim, wherein fluid
under pressure is used to operate the adjusting
mechanism.

14. The system of claim 13, wherein the supply of fluid
under pressure to the bit is controlled by a rotary
valve (30).

15. The system of claim 13, wherein the supply of fluid
under pressure is controlled using a bi- stable valve
or solenoid valve (30).

16. The system of any one of claims 13 to 15, wherein
the fluid comprises oil, mud, magnetorhcological flu-
id, gas or the like.

17. A method of drilling a well in an earth formation using
a drill string (14) having a drill bit (10) secured to the
end thereof, the drill bit comprising a bit body (16)
having a plurality of cutters (18, 20) attached thereto,
the method being characterized by providing the
bit body (16) with a control arrangement (24, 26) ar-
ranged, in use, to adjust the position of a movable
member (22, 48, 54a, 64 or 68) in a phased relation-
ship with the rotation of the drill bit (10) with respect
to the formation so as to adjust the operation of at
least one of the cutters and thereby control the drilling
direction of the drill bit.

Patentansprüche

1. Richtbohrsystem für das Bohren eines Brunnens in
einer Erdformation, wobei das System einen Bohr-
schaft (14) mit einer an dessen Ende befestigten
Bohrkrone (10) umfasst, wobei die Bohrkrone einen
Bohrkörper (16) mit einer Mehrzahl von daran befe-
stigten Schneiden (18, 20) umfasst, dadurch ge-
kennzeichnet, dass der Bohrkörper (16) eine Steu-
eranordnung (24, 26) und ein mobiles Glied (22, 48,
54a, 64 oder 68) einschließt, wobei die Steueran-
ordnung bei der Verwendung so angeordnet ist, dass
die Position des mobilen Glieds in einer phasenwei-
sen Beziehung mit der Drehung der Bohrkrone (10)
in Bezug auf die Formation eingestellt wird, wobei
das mobile Glied so angeordnet ist, dass der Betrieb
von zumindest einer der Schneiden eingestellt und
somit die Bohrrichtung der Bohrkrone gesteuert
wird.

2. System nach Anspruch 1, dadurch gekennzeich-
net, dass das mobile Glied (22) eine der besagten
Schneiden bildet.

3. System nach Anspruch 1, dadurch gekennzeich-
net, dass das mobile Glied einen Kaliberschutzbe-
reich (54a) der Bohrkrone umfasst, wobei der be-
sagte Kaliberschutzbereich anschließend an der be-
sagten mindestens einen Schneide (50, 52) ange-
ordnet ist und durch die Steueranordnung bewegt
werden kann, um mit der Formation in Kontakt zu
treten und daher die Berührung der besagten min-
destens einen Schneide mit der Formation zu redu-
zieren.

4. System nach Anspruch 2, dadurch gekennzeich-
net, dass die besagte eine Schneide (Fig. 10) ein-
ziehbar ist und die Steueranordnung so gestaltet ist,
dass sie das einziehbare Schneidenelement (72)
zwischen seinem eingezogenen und seinem nicht
eingezogenen Zustand bewegt.

5. System nach Anspruch 1, dadurch gekennzeich-
net, dass das mobile Glied einen ablenkbaren Teil
(64) des Bohrkörpers (Fig. 8) mit reduzierter Wand-
stärke anschließend an der besagten mindestens ei-
nen Schneide (66) umfasst.

6. System nach Anspruch 1, dadurch gekennzeich-
net, dass das mobile Glied eine aufblasbare Schnei-
denabdeckung (68) umfasst, die einen Teil des Bohr-
körpers (Fig. 9) bildet, und dass die Steueranord-
nung so gestaltet ist, dass die aufblasbare Abdek-
kung die besagte mindestens eine Schneide inaktiv
macht.

7. System nach Anspruch 1, dadurch gekennzeich-
net, dass die Steueranordnung so gestaltet ist, dass
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sie den Betrieb der mindestens einen der Schneiden
einstellt, indem sie ihre Berührung mit der gerade
gebohrten Formation variiert.

8. System nach einem beliebigen der vorstehenden
Ansprüche 1 bis 7, dadurch gekennzeichnet, dass
die Einstellung des Betriebs der besagten minde-
stens einen Schneide zu einer Veränderung der
Schneidtiefe der Bohrkrone führt.

9. System nach einem beliebigen der vorstehenden
Ansprüche 1 bis 7, dadurch gekennzeichnet, dass
die Einstellung des Betriebs der besagten minde-
stens einen Schneide die Symmetrie der Lochaus-
breitung verändert.

10. System nach Anspruch 9, dadurch gekennzeich-
net, dass die Steueranordnung einen Dämpfer um-
fasst, der so betrieben werden kann, dass dies dazu
führt, dass die Schneidtiefe über die Fläche der
Bohrkrone hinweg nicht gleichmäßig ist.

11. System nach Anspruch 9 oder nach Anspruch 10,
dadurch gekennzeichnet, dass die besagte min-
destens eine Schneide so bewegbar ist, dass dies
dazu führt, dass die Schneidtiefe über die Fläche der
Bohrkrone hinweg nicht gleichmäßig ist.

12. System nach einem beliebigen der vorstehenden
Ansprüche, dadurch gekennzeichnet, dass es zu-
mindest einen Sensor umfasst, der auf die Bohrrich-
tung reagiert, wobei der Einstellmechanismus die
gefühlte Bohrrichtung mit einer gewünschten Bohr-
richtung vergleicht und das Ergebnis des Vergleichs
beim Einstellen der Phase der Einstellung der Posi-
tion des mobilen Glieds benutzt.

13. System nach einem beliebigen der vorstehenden
Ansprüche, dadurch gekennzeichnet, dass für
den Betrieb des Einstellmechanismus eine unter
Druck stehende Flüssigkeit eingesetzt wird.

14. System nach Anspruch 13, dadurch gekennzeich-
net, dass die Versorgung der Bohrkrone mit unter
Druck stehender Flüssigkeit von einem Drehschie-
ber (30) gesteuert wird.

15. System nach Anspruch 13, dadurch gekennzeich-
net, dass die Versorgung mit unter Druck stehender
Flüssigkeit unter Einsatz eines bistabilen Schiebers
oder Magnetventil (30) gesteuert wird.

16. System nach einem beliebigen der vorstehenden
Ansprüche 13 bis 15, dadurch gekennzeichnet,
dass die Flüssigkeit Öl, Schlamm, magnetorheolo-
gische Flüssigkeit, Gas oder ähnliche enthält.

17. Methode für das Bohren eines Brunnens in einer

Erdformation unter Einsatz eines Bohrschafts (14)
mit einer an dessen Ende befestigten Bohrkrone
(10), wobei die Bohrkrone einen Bohrkörper (16) mit
einer Mehrzahl von daran befestigten Schneiden
(18, 20) umfasst, wobei die Methode dadurch ge-
kennzeichnet ist, dass der Bohrkörper (16) mit ei-
ner Steueranordnung (24, 26) versehen ist, die im
Betrieb so angeordnet ist, dass sie die Position eines
mobilen Glieds (22, 48, 54a, 64 oder 68) in einer
phasenweisen Beziehung mit der Drehung der Bohr-
krone (10) in Bezug auf die Formation einstellt, so
dass der Betrieb von mindestens einer der Schnei-
den eingestellt und somit die Bohrrichtung der Bohr-
krone gesteuert wird.

Revendications

1. Système de forage orientable pour forer un puits
dans une formation terrestre, le système compre-
nant un train de forage (14) ayant un trépan de foret
(10) fixé à son extrémité, le trépan de foret compre-
nant un corps de trépan (16) ayant une pluralité de
couteaux (18, 20) fixés sur celui-ci, caractérisé en
ce que le corps de trépan (16) comprend un amé-
nagement de commande (24, 26) et un élément mo-
bile (22, 48, 54a, 64 ou 68), l’aménagement de com-
mande étant effectué, en service, pour ajuster la po-
sition de l’élément mobile en relation de phase avec
la rotation du trépan de foret (10) par rapport à la
formation, l’élément mobile étant aménagé de ma-
nière à ajuster le fonctionnement d’au moins l’un des
couteaux et à commander ainsi la direction de forage
du trépan de foret.

2. Système selon la revendication 1, dans lequel l’élé-
ment mobile (22) forme un desdits couteaux.

3. Système selon la revendication 1, dans lequel l’élé-
ment mobile comprend une région de patin de jauge
(54a) du trépan de foret, ladite région de patin de
jauge étant disposée de manière adjacente audit au
moins un couteau (50, 52) et mobile par l’aménage-
ment de commande pour venir en contact avec la
formation et réduire de la sorte l’exposition dudit au
moins un couteau à la formation.

4. Système selon la revendication 2, dans lequel ledit
un couteau (Fig. 10) est rétractable et l’aménage-
ment de commande est ménagé pour déplacer l’élé-
ment de couteau rétractable (72) entre ses états ré-
tracté et non rétracté.

5. Système selon la revendication 1, dans lequel l’élé-
ment mobile comprend une partie déformable (64)
du corps de trépan (Fig. 8) d’épaisseur de paroi ré-
duite adjacente audit au moins un couteau (66).
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6. Système selon la revendication 1, dans lequel l’élé-
ment mobile comprend une coiffe protège-couteau
gonflable (68) faisant partie du corps de trépan (Fig.
9) et l’aménagement de commande est ménagé pour
amener la coiffe protège-couteau gonflable à rendre
ledit au moins un couteau inactif.

7. Système selon la revendication 1, dans lequel l’amé-
nagement de commande est ménagé pour ajuster
le fonctionnement dudit au moins un des couteaux
en modifiant son exposition à la formation en cours
de forage.

8. Système selon l’une quelconque des revendications
1 à 7, dans lequel l’ajustement du fonctionnement
dudit au moins un couteau entraîne une altération
de la profondeur de coupe du trépan.

9. Système selon l’une quelconque des revendications
1 à 7, dans lequel l’ajustement du fonctionnement
dudit au moins un couteau altère la symétrie de pro-
pagation du trou.

10. Système selon la revendication 9, dans lequel l’amé-
nagement de commande comprend un amortisseur
actionnable de façon à faire en sorte que la profon-
deur de coupe soit non uniforme en travers de la
face du trépan.

11. Système selon la revendication 9 ou la revendication
10, dans lequel ledit au moins un couteau est mobile
de façon à faire en sorte que la profondeur de coupe
soit non uniforme en travers de la face du trépan.

12. Système selon l’une quelconque des revendications
précédentes, comprenant en outre au moins un cap-
teur sensible à la direction de forage, le mécanisme
d’ajustement comparant la direction de forage cap-
tée à une direction de forage souhaitée et utilisant
le résultat de la comparaison pour ajuster la phase
d’ajustement de la position de l’élément mobile.

13. Système selon l’une quelconque des revendications
précédentes, dans lequel un fluide sous pression est
utilisé pour actionner le mécanisme d’ajustement.

14. Système selon la revendication 13, dans lequel l’ali-
mentation en fluide sous pression du trépan est com-
mandée par une vanne rotative (30).

15. Système selon la revendication 13, dans lequel l’ali-
mentation en fluide sous pression est commandée
en utilisant une vanne bistable ou une électrovanne
(30).

16. Système selon l’une quelconque des revendications
13 à 15, dans lequel le fluide comprend de l’huile,
de la boue, un fluide magnéto-rhéologique, du gaz

ou analogue.

17. Procédé pour forer un puits dans une formation ter-
restre en utilisant un train de forage (14) ayant un
trépan de foret (10) fixé à son extrémité, le trépan
de foret comprenant un corps de trépan (16) ayant
une pluralité de couteaux (18, 20) fixés sur celui-ci,
le procédé étant caractérisé en ce que le corps de
trépan (16) est muni d’un aménagement de com-
mande (24, 26) ménagé, en service, pour ajuster la
position d’un élément mobile (22, 48, 54a, 64 ou 68)
dans une relation de phase avec la rotation du trépan
de foret (10) par rapport à la formation afin d’ajuster
le fonctionnement d’au moins l’un des couteaux et
de commander ainsi la direction de forage du trépan
de forage.
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