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includes a pad configured to extend and retract from a surface of the drill bit,
a pad on a face of the drill bit configured to extend and retract from the face,
and a force application device configured to extend and retract the pad, the
force application device including a hydraulically-operated rotating member
coupled to speed reduction device contigured to apply force on drive unit that
applies force on the pad to cause the pad to extend from the drill bit face. In
one aspect, the hydraulically-operated rotating member is a propeller oper-
ated by a fluid flowing through the drill bit.
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DRILL BIT WiTH HYDRAULICALLY-ACTIVATED FORCE APPLICATION DEVICE
FOR CONTROLLING DEPTH-OF-CUT OF THE DRILL BIT

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Application No. 13/561,786, filed on July 30,

2012, which is incorporated herein by reference in its entirety

BACKGROUND INFORMATION

Field of the Disciosure

[0002] This disclosure relates generally to drill bits and systems that utilize the same

for drilling wellbores.
Background Of The Art
[0003] Oil wells (also referred to as “wellbores” or “boreholes”) are drilled with a drill

string that includes a tubular member having a drilling assembly (also referred to as the
“pottomhole assembly” or "BHA”). The BHA typically includes devices and sensors that
provide information relating to a variety of parameters relating to the drilling operations
(“drilling parameters”), behavior of the BHA (“BHA parameters”) and parameters
relating to the formation surrounding the wellbore (“formation parameters”). A drill bit
attached to the bottom end of the BHA is rotated by rotating the drill string and/or by a
drilling motor (also referred to as a "mud motor”) in the BHA to disintegrate the rock
formation to drill the welibore. A large number of wellbores are drilled along contoured
trajectories. For example, a single wellbore may include one or more vertical sections,
deviated sections and horizontal sections through differing types of rock formations.
When drilling progresses from a soft formation, such as sand, to a hard formation, such
as shale, or vice versa, the rate of penetration (ROP) of the drill changes and can
cause (decreases or increases) excessive fluctuations or vibration (lateral or torsional)
in the drill bit. The ROP is typically controlled by controlling the weight-on-bit (WOB)

and rotational speed (revolutions per minute or “RPM”) of the drill bit so as to control
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drill bit fluctuations. The WOB is controlled by controlling the hook load at the surface
and the RPM is controlled by controlling the drill string rotation at the surface and/or by
controlling the drilling motor speed in the BHA. Controlling the drill bit fluctuations and
ROP by such methods requires the drilling system or operator to take actions at the
surface. The impact of such surface actions on the drill bit fluctuations is not
substantially immediate. Drill bit aggressiveness contributes to the vibration, oscillation
and the drill bit for a given WOB and drill bit rotational speed. Depth of cut of the drill bit
is a contributing factor relating to the drill bit aggressiveness. Controlling the depth of
cut can provide smoother borehole, avoid premature damage to the cutters and longer
operating life of the drill bit.

[0004] The disclosure herein provides a drill bit and drilling systems using the same

configured to control the aggressiveness of a drill bit during drilling of a wellbore.
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SUMMARY

[0005] In one aspect, a drill bit is disclosed that in one embodiment includes a pad
configured to extend and retract from a surface of the drill bit, a pad on a face of the
drill bit configured to extend and retract from the face, and a force application device
configured to extend and retract the pad, the force application device including a
hydraulically-operated rotating member coupled to speed reduction device configured to
apply force on drive unit that applies force on the pad to cause the pad to extend from
the drill bit face. In one aspect, the hydraulically-operated rotating member is a propeller
operated by a fluid flowing through the drill bit.

[0008] In another aspect, a method of drilling a wellbore is provided that in one
embodiment includes: conveying a drill string having a drill bit at an end thereof,
wherein the drill bit includes a pad on a face of the drill bit configured to extend and
retract from the face and a force application device configured to extend and retract the
pad, the force application device including a hydraulically-operated rotating member
coupled to rotational speed reduction device configured to apply force on drive unit that
applies force on the pad fo cause the pad to extend from the drill bit face; and rotating
the drill bit to drill the welibore.

[0007] Examples of certain features of the apparatus and method disclosed herein are
summarized rather broadly in order that the detailed description thereof that follows
may be better understood. There are, of course, additional features of the apparatus
and method disclosed hereinafter that will form the subject of the claims appended

hereto.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The disclosure herein is best understood with reference to the accompanying

figures in which like numerals have generally been assigned to like elements and in
which:

FIG. 1 is a schematic diagram of an exemplary drilling system that includes a drill
string that has a drill bit made according to one embodiment of the disclosure;

FIG. 2 shows a cross-section of an exemplary drill bit with a force application unit
therein for extending and retfracting pads on a surface of the drill bit;

FIG. 3 shows certain details of the force application unit shown in FIG. 2; and

FIG. 4 is an isometric view of an exemplary drive mechanism used in the device

of FIG. 3.
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DESCRIPTION OF THE EMBODIMENTS

[0008] FIG. 1 is a schematic diagram of an exemplary drilling system 100 that includes
a drill string 120 having a drilling assembly or a bottomhole assembly 180 attached fo
its bottom end. Drill string 120 is shown conveyed in a borehole 126 formed in a
formation 185. The drilling system 100 includes a conventional derrick 111 erected on
a platform or floor 112 that supports a rotary table 114 that is rotated by a prime mover,
such as an electric motor (not shown), at a desired rotational speed. A tubing (such as
jointed drill pipe) 122, having the drilling assembly 190 attached at its bottom end,
extends from the surface to the bottom 151 of the borehole 126. A drill bit 150,
attached to the drilling assembly 1980, disintegrates the geological formation 195. The
drill string 120 is coupled to a draw works 130 via a Kelly joint 121, swivel 128 and line
129 through a pulley. Draw works 130 is operated to control the weight on bit ("WOB").
The drill string 120 may be rotated by a top drive 114a rather than the prime mover and
the rotary table 114.

[0010] To drill the wellbore 128, a suitable drilling fluid 131 (also referred to as the
“mud”) from a source 132 thereof, such as a mud pit, is circulated under pressure
through the drill string 120 by a mud pump 134. The drilling fluid 131 passes from the
mud pump 134 into the drill string 120 via a desurger 136 and the fluid line 138. The
drilling fluid 131a discharges at the borehole bottom 151 through openings in the drill bit
150. The returning drilling fluid 131b circulates uphole through the annular space or
annulus 127 between the drill string 120 and the borehole 128 and returns to the mud
pit 132 via a return line 135 and a screen 185 that removes the drill cuttings from the
returning drilling fluid 131b. A sensor 84 in line 138 provides information about the fluid
flow rate of the fluid 131. Surface torgue sensor $; and a sensor 83 associated with the
drill string 120 provide information about the torque and the rotational speed of the drill
string 120. Rate of penetration of the drill string 120 may be determined from sensor

Ss, while the sensor 8g may provide the hook load of the drill string 120.
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[0011] In some applications, the drill bit 150 is rotated by rotating the drill pipe 122.
However, in other applications, a downhole motor 185 (mud motor) disposed in the
drilling assembly 190 rotates the drill bit 180 alone or in addition to the driil string
rotation. A surface control unit or controlier 140 receives: signals from the downhole
sensors and devices via a sensor 143 placed in the fluid line 138; and signals from
sensors 8§4-8g and other sensors used in the system 100 and processes such signals
according to programmed instructions provided to the surface control unit 140. The
surface control unit 140 displays desired drilling parameters and other information on a
display/monitor 141 for the operator. The surface control unit 140 may be a computer-
based unit that may include a processor 142 (such as a microprocessor), a storage
device 144, such as a solid-state memory, tape or hard disc, and one or more computer
programs 146 in the storage device 144 that are accessible to the processor 142 for
executing instructions contained in such programs. The surface control unit 140 may
further communicate with a remote control unit 148. The surface control unit 140 may
process data relating to the drilling operations, data from the sensors and devices on
the surface, data received from downhole devices and may control one or more
operations drilling operations.

[0012] The drilling assembly 180 may also contain formation evaluation sensors or
devices (also referred to as measurement-while-drilling (MWD) or logging-while-drilling
(LWD) sensors) for providing various properties of interest, such as resistivity, density,
porosity, permeability, acoustic properties, nuclear-magnetic resonance properties,
corrosive properties of the fluids or the formation, salt or saline content, and other
selected properties of the formation 195 surrounding the drilling assembly 180. Such
sensors are generally known in the art and for convenience are collectively denoted
herein by numeral 165, The drilling assembly 180 may further include a variety of other
sensors and communication devices 159 for controlling and/or determining one or more

functions and properties of the drilling assembly 180 (including, but not limited fo,
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velocity, vibration, bending moment, acceleration, osciilation, whirl, and stick-slip) and
drilling operating parameters, including, but not limited to, weight-on-bit, fluid flow rate,
and rotational speed of the drilling assembly.

[0013] Still referring to FIG. 1, the drill string 120 further includes a power generation
device 178 configured to provide electrical power or energy, such as current, {o sensors
165, devices 159 and other devices. Power generation device 178 may be located in
the drilling assembly 190 or drill string 120. The drilling assembly 180 further includes a
steering device 160 that includes steering members (also referred to a force application
members) 160a, 160b, 160c¢ that may be configured to independently apply force on
the borehole 126 to steer the drill bit along any particular direction. A control unit 170
processes data from downhole sensors and controls operation of various downhole
devices. The control unit includes a processor 172, such as microprocessor, a data
storage device 174, such as a solid-state memory and programs 176 stored in the data
storage device 174 and accessible to the processor 172. A suitable telemetry unit 179
provides two-way signal and data communication between the control units 140 and
170.

[0014] During drilling of the wellbore 1286, it is desirable to control aggressiveness of
the drill bit to drill smoother boreholes, avoid damage to the drill bit and improve drilling
efficiency. To reduce axial aggressiveness of the drill bit 1580, the drill bit is provided
with one or more pads 180 configured to extend and retract from the drill bit face 152. A
force application unit 185 in the drill bit adjusts the extension of the one or more pads
180, which controls the depth of cut of the cutters on the drill bit face, thereby
controliing the axial aggressiveness of the drill bit 150. An exemplary force application
device for controlling the drill bit aggressiveness is described in reference to FIGS. 2-4.
[0015] FIG. 2 shows a cross-section of an exemplary drill bit 160 made according to
one embodiment of the disclosure. The drill bit 180 shown is a polycrystalline diamond
compact (PDC) bit having a bit body 210 that includes a shank 212 and a crown 230.
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The shank 212 includes a neck or neck section 214 that has a tapered threaded upper
end 216 having threads 216a thereon for connecting the drill bit 150 to a box end at the
end of the drilling assembly 130 (FIG. 1). The shank 212 has a lower vertical or straight
section 218. The shank 210 is fixedly connected to the crown 230 at joint 219. The
crown 230 includes a face or face section 232 that faces the formation during drilling.
The crown includes a number of blades, such as blades 234a and 234b, each n. Each
blade has a number of cutters, such as cutters 236 on blade 234a at blade having a
face section and a side section. For example, blade 234a has a face section 232a and
a side section 236a while blade 234b has a face section 232b and side section 236b.
Each blade further includes a number of cutters. In the particular embodiment of FIG. 2,
blade 234a is shown to include cutters 238a on the face section 232a and cutters 238b
on the side section 238a while blade 234b is shown to include cutters 23%a on face
232b and cutters 238b on side 236b. The drill bit 180 further includes one or more
pads, such as pads 240a and 240b, each configured to extend and retract relative to
the face 232. In one aspect, a rubbing block 245 may carry the pads 240a and 240b. In
the particular configuration shown in FIG. 2, rubbing block 245 is mounted inside the
drill bit 158 and includes a rubbing block holder 248 having a pair of movable members
247a and 247b. The member 2472 has the pad 240a attached at the bottom of the
member 247a and pad 240b at the bottom of member 247b. A force application device
250 placed in the drill bit 150 causes the rubbing block 245 to move up and down,
thereby extending and retracting the members 247a and 247b and thus the pads 240a
and 24b relative to the bit face 232. In one configuration, the force application device
may be made as a unit or module and attached to the drill bit inside via flange 251 at
the shank bottom 217. A shock absorber 248, such as a spring unit, is provided to
absorb shocks on the members 247a and 247b caused by the changing weight on the
drill bit 150 during drilling of a wellbore. During drilling, a drilling fluid 201 flows from the

drilling assembly into a fluid passage 202 in the center of the drill bit and discharges at
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the botiom of the drill bit via fluid passages, such as passages 203a, 203b, efc. A
particular embodiment of a force application device 250 is described in more detail in
reference to FIGS. 3 and 4.

[0016] FIG. 3 shows cerfain details of the force application device 280 shown in FIG.
2. In one aspect, the force application device 250 may be made in the form of a capsule
that may be placed in the drill bit fluid channel, as shown in FIG. 2. The device 250
includes a fluid chamber 310 that houses a propeller 320 that is rotated by the flow of
the drilling fluid 301 supplied to the drill bit via fluid channel 304. The fluid 301 rotates
the propeller 320 in the chamber 310 and exits the chamber 310 via outlets or openings
322 and the device 250 via channels in the drill bit, such as channels 203a and 203b.
The propeller 320 is configured to be selectively coupled to a reduction gear 330. A
propeller shaft 324 can be coupled to or decoupled from a drive shaft 332 connected to
the reduction gear 330. When the propeller 320 is connected to the reduction gear 330
via propelier shaft 324 and the drive shaft 332, the propeller 320 rotates the reduction
gear 330, which rotates a gear shaft 334 at a much reduced rotational rate compared to
the propeller rotational rate. The device 250 further includes a coupling 340 configured
to connect and disconnect the propeller shaft 324 to the drive shaft 332. The coupling
340 may be any suitable coupling, including a slip coupling and a mechanical coupling.
Further, the coupling 340 may be activated and deactivated by any suitable
mechanism, including hydraulic or electro-mechanical mechanisms.

[0017] Still referring to FIG. 3, the device 250 further includes a brake 350 that in a
first position clamps to the drive shaft 332 and does not allow it to rotate and in a
second position allows the drive shaft 332 to rotate. When the propeller 320 is coupled
to the reduction gear 330 (i.e. the slip coupling 340 is activated to connect the propeller
shaft 324 to the drive shaft 332) and the brake 350 is activated to allow the drive shaft
to rotate, the gear shaft operates a drive mechanism 360 that applies force on the

rubbing block holder 246 to cause the pads, such as pads 240a and 240 to extend from
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the drill bit surface 232 (FIG. 2). In one aspect, the reduction gear 330, slip coupling
340, brake 350 and the drive mechanism 360 may be placed in a chamber or housing
370 containing a suitable fluid 372, such as high temperature oil. A pressure bellows
380 between the drilling fluid 301 in the chamber 310 and the oil 362 in the chamber
360 isolates the two fluids and provides pressure compensation between the two
chambers.

[0018] FIG. 4 shows details of an exemplary drive unit or mechanism 360. The drive
mechanism 380, in one configuration, may include a rotatable positioning member 410,
such as a disc. In one configuration, the positioning member 410 has bottom surface
412 that has thereon a protruded member or protrusion 414 that has a lower planar or
flat or substantiaily flat surface 416 and a tilted surface 418. The gear shaft is coupled
to the positioning member 410 and configured to rotates the positioning member 410 in
a first direction (herein for example, the clockwise direction 410a) to cause the pusher
380 to move downward and in a second direction (herein anticlockwise direction 410b)
to cause the pusher 380 to move upward. When the device 250 is in an inactive mode,
i.e., when the propelier shaft 324 is not coupled to the drive shaft 332, the gear shaft
334 is in the upward position and the flat side 212a adjacent the tilted side 218 is in
contact with the pusher 380. In this position, the gear shaft 332 is not exerting force on
the pusher 380 and thus the pads 240a and 240b (FIG. 2) remain in the retracted
position. When device 250 is activated, i.e., the propeller 320 is coupled to the
reduction gear 330, the gear shaft 334 rotates the positioning disc 410 clockwise in the
direction 410a, which causes the tilted side 418 to ride on the top surface 380a of the
pusher 380 causing the pusher 280 to move downward. When the bottom side 416 of
the member 414 rests on the top side 380a of the pusher 380, a locking mechanism
430 engages with the positioning disc 410, locking the positioning disc in place. in
aspects, the locking mechanism 430 may include a driving screw and a nut, activated

with an electric motor to hold the positioning wheel 410 at a desired position and push.
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Such a mechanism needs little electrical power and may be utilized when the bit is off
bottom {i.e., no load on the drill bit}). In ancther embodiment, the mechanism 430 may
include a rotating device driven by a motor or the positioning wheel may be locked
manually at the surface. The manual locking allows for a selected under-exposure
(depth of control) adjustment prior to running the drill bit in the wellbore. The brake 350
is then activated to maintain the drive shaft 334 in a locked position. The coupling 340
is deactivated and to cause the propeller 320 to rotate without rotating the drive shaft
332. A sensor 450 provides signals relating to the vertical movement of the positioning
disc 410, thereby providing the linear motion of the pusher 380 and thus the extension
of the pads 240a and 240b (FIG. 2). In aspects, when the brake 350 is activated, {not
braking), the reduction gear and thus the positioning member 410 rotate. The sensor
450 information may be used to hold the positioning member 410 at any desired
position, each such position providing a different vertical movement of the pusher 380
and thus the pads 240a and 240b (FIG. 2). Bearings 440 may be provided to provide
lateral support to the reduction gear 330. To protect the bearings 440 from impact
damage, a biasing member, such as a spring (not shown) may be placed between the
bearings 440 and the positioning member 410 may be provided to create a small gap
between the bearings 440 and the positioning member 410. Such a biasing member
protects the bearings 440 from overload or impact damage during drilling of a wellbore
with the drill bit 150. In aspects, the device 180 may be configured move the pads when
the drifl bit is not under load. In such a design, batteries in the drill bit or in the drilling
assembly may be used to power- on and power-off the brake 350.

[0019] The devices and the system described herein, among other things, is useful in
controlling the axial aggressiveness of a drill bit on demand during drilling by helping in:
{a) steerability of the bit; (b) dampening the level of vibrations; and (¢} reducing the

severity of stick-slip while drilling.
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[0020] The foregoing disclosure is directed to certain specific embodiments for ease of
explanation. Various changes and madifications to such embodiments, however, will be
apparent to those skilled in the art. It is intended that all such changes and

modifications within the scope and spirit of the appended claims be embraced by the

disclosure herein.
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CLAIMS
1. A drill bit, comprising:
a pad on a face of the drill bit configured to extend and retract from the face; and
a force application device configured to extend and retract the pad, the force
application device including a hydraulically-operated rotating member coupled to
rotational speed reduction device configured to apply force on drive unit that applies

force on the pad to cause the pad to extend from the drill bit face.

2. The drill bit of claim 1, wherein the hydraulically-operated rotating member is a
propeller.
3. The drill bit of claim 1, wherein the rotational speed reduction device includes a

reduction gear device.

4. The drill bit of claim 3, wherein the reduction gear device includes a first rotating
member configured to selectively couple to the hydraulically-operated rotating member
and a second rotating member configured to operate a drive mechanism to apply force
on the pad.

5. The drill bit of claim 1 further comprising a coupling device configured tfo
selectively couple the hydraulically-operated rotating member to the rotational speed
reduction device and to decouple the hydraulically-operated rotating member from the
rotational speed reduction device.

B. The drill bit of claim 1 further comprising a brake that in a first mode prevents the
rotational speed reduction device from rotating and in a second mode allows the
rotational speed reduction device to rotate.

7. The drill bit of claim 1, wherein the drive unit includes a wheel member coupled
to the rotational speed reduction device that rotates the wheel and wherein a force
application member coupled to the wheel member applies force on the pad.

8. The drill bit of claim wherein the force application device is a module placed in a
fluid passage in the drill bit.

8. The drill bit of claim 2, wherein the propeller is rotated by a drilling fluid passing
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through the drill bit.

10. The drill bit of claim 1 further comprising a pressure compensation device in
pressure communication between a first chamber containing the hydraulically-operated
rotating member and a second chamber containing the rotational speed reduction
device for providing pressure compensation between a first fluid in the first chamber
and a second fluid in the second chamber.

11.  The drill bit of claim 1 further comprising a sensor configured to provide signals
relating to movement of the pad.

12. A drill bit comprising:

a pad configured to extend and retract from a drill bit surface;

a force application device configured to apply force on the pad to cause the pad
to extend from the drill bit surface, the force application device including:

a propeller in a first chamber configured to be rotated by a fluid flowing through
the drill bit;

a reduction gear in a second chamber operatively coupled to the propelier;

a drive unit including a rotating member coupled to the reduction gear, wherein
the reduction gear rotates the rotating member of the drive unit that applies force on the
pad to extend the pad from the drill bit surface.

13.  The drill bit of claim 11 further comprising a sensor configured to provide
movement of the pad.
14. A drilling system comprising:

a drilling assembly;

a drill b it at an end of the drilling assembly, wherein the drill bit includes:

a pad on a face of the drill bit configured to extend and retract from the face;,
and

a force application device configured to extend and retract the pad, the force
application device including a hydraulically-operated rotating member coupled to

rotational speed reduction device configured to apply force on drive unit that applies
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force on the pad to cause the pad to extend from the drill bit face.
15.  The drilling system of claim 14, wherein the drill bit further comprises a coupling
device configured to selectively couple the hydraulically-operated rotating member to
the rotational speed reduction device and to decouple the hydraulically-operated
rotating member from the rotational speed reduction device.
16.  The drilling system of claim 15, wherein the drill bit further comprises a brake
that in a first mode prevents the rotational speed reduction device from rotating and in a
second mode allows the rotational speed reduction device to rotate.
17.  The drilling system of claim 15 further comprising a sensor configured to provide
information about one a parameter of interest during drilling of the wellbore.
18. The drilling system of claim 16, wherein a controller controls the force on the
drive force application to control extension of the pad.
19. A method of drilling a wellbore, comprising:

conveying a drill string having a drill bit at an end thereof, wherein the drill bit
includes a pad on a face of the drill bit configured to extend and retract from the face
and a force application device configured to extend and retract the pad, the force
application device including a hydraulically-operated rotating member coupled to
rotational speed reduction device configured to apply force on drive unit that applies
force on the pad to cause the pad to extend from the drill bit face; and

rotating the drill bit to drill the wellbore.
20. The method of claim 19 further comprising determining a parameter of interest
during drilling of the wellbore and controlling the extension of the pad in response to the

determined parameter.
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