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(57) Abstract: A system for drilling a cavity in a medium includes a drill bit (130), a processor (230), and a controller (190). The
drill bit rotates in the medium and removes at least a portion of the medium. The processor may be configured to receive a first set
of data representative of a variable rotational speed of the drill bit during a length of time in the medium, and determine, based at
least in part on the first set of data, a first resonant frequency of the variable rotational speed of the drill bit. The controller may be
configured to receive a second set of data representative of the first resonant frequency of the variable rotational speed of the drill
bit, and vary the force applied to the drill bit based at least in part on the second set of data.
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Torsional Resonance Prevention

BACKGROUND OF THE INVENTION
[0001] This invention relates generally to drilling. More specifically the invention

relates to drilling in earthen formations.

[0002] When drilling in hard mediums, for example earthen formations, a commdn
problem is rotational vibration causea by a “stick-slip” condition. Stick-slip occurs when
the drill bit either “bites” too much or too little of the medium to cause further boring into
the medium. When the drill bit bites too much of the medium, each of thé cutters on the -
drill bit is engaging too much medium without enough torque to cause the medium to
either be sheared or otherwise removed from the cavity. When the drill bit bites too little
of the medium, the path of least resistance for the drill bits may be to skip over the
medium rather than remove material from the cavity. Both stick and slip occurrences will
cause torsional vibrations in the drillstring connecting the drill bit to the drill’s rotational

power source.

[0003] Torsional vibrations can be so severe as to stop the bit from moving forward, for
example, when a backward vibration is equal to the forward rate of rotation. Once this
occurs, the difference between the static and dynamic friction characteristics of the drill
bit on the medium can make the oscillations self sustaining. Torsional vibrations caused
by stick-slip can also reduce the spéed‘ at which a cavity is drilled into the medium.
Furthermore, such torsional vibrations can reduce the life of the drill bit and associated

drilling equipment, such as for example the rotational power source.

[0004] While the properties of the meditim may at least partially affect the likelihood of
stick-slip occurring, the properties of the medium may not be controllable, especially in
earthen drilling operations. However, the amount of torque may also at least partially

affect the likelihood of stick-slip occurring, and may be controlled.

BRIEF DESCRIPTION OF THE INVENTION
[0005] In one embodiment of the present invention, a systein for drilling a cavity in a
medium is provided. The system may include a drill bit, a drillstring, a processor, and a
controller. The drill bit may be configured to rotate in the medium and remove at least a

portion of the medium to at least partially define the cavity. The drillstring may be
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coupled with the drill bit, and may be configured to receive a rotational motion, rotate the
drill bit, and apply a force to the drill bit. The processor may be configured to receive a
first set of data representative of a vaﬁable rotational speed of the drill bit during a length
of time in the medium. The processor may be further configured to determine, based at
least in part on the first set of data, a first resonant frequency of the variable rotational
speed of the drill bit. The controller may be configured to receive a second set of data
representative of the first resonant frequency of the variable rotational speed of the drill
bit. The controller may be further configured to vary the force applied to the drill bit by
the drillstring based at least in part on the second set of data.

[0006] In another embodiment, a method for drilling a cavity in a medium is provided.
The method may include rotating a drill bit in the medium and applying a force to the
drill bit. The method may also include removing at least a portion of the medium to at

| least partially define the cavity. The method may further include determining a first set of
data based at least in part on the variable fotational speed of the drill bit during a length of
time in the medium. The method may additionally include determining, based at least in
part on the first set of data, a second set of data represeﬁtative of a first resonant
frequency of the variable rotational speed of the drill bit. The method may moreover
include varying the force applied to the drill bit by based at least in part on the second set
of data.

[0007] In another embodiment, a system for drilling a cavity in a medium is provided.
The system may include a first -means, a second means, and a third means. The first
means may be for removing at least a portion of the medium to at least partially define the
cavity. The second means may be for determining a first resonant frequency of a variable
rotational speed of the first means. The third means may be for varying a force applied to

the first means based at least in part on the first resonant frequency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present invention is described in conjunction with the appended figures:

[0009] Fig. 1 is a side view of a system embodiment of the invention for drilling a
cavity in a medium while preventing torsional resonance, the system having a drill bit, a

bottom hole assembly, a drillstring, a traveling block, a drum and a brake;
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[0010] Fig. 2 is a side cut-away block diagram view of the bottom hole assembly of
Fig. 1; and

[0011] Fig. 3 is a block diagram of a method embodiment of the invention for drilling a

cavity in a medium which prevents torsional resonance.

[0012] In the appended figures, similar components and/or features may have the same
numerical reference label. Further, various components of the same type may be.
distinguished by following the reference label by a letter that distinguishes among the
similar components and/or features. If only the first numerical reference label is used in
the specification, .the description is applicable to any one of the similar components
and/or features having the same first numerical reference label irrespective of the letter
suffix.

DETAILED DESCRIPTION OF THE INVENTION
[0013] The ensuing description provides exemplary embodiments only, and is not
intended to limit the scope, applicability or configuration of the disclosure. Rather, the
ensuing description of the exemplary embodiments will provide those skilled in the art
with an enabling description for hnplemeﬁting one or more exemplary embodiments. It
being understood that various changes may be made in the function and arrangement of
elements without departing from the spirit and scope of the invention as set forth in the

appended claims.

[0014] Specific details are given in the following description to provide a thorough
understanding of the embodiments. However, it will be understood by one of ordinary
skill in the art that the embodiments may be practiced without these specific details. For
example, circuits, systems, networks, processes, and other elements in the invention may
be shown as components in block diagram form in order not to obscure the embodiments
in unnecessary detail. In other instances, well-known circuits, processes, algorithms,
‘structures, and techniques may be shown without unnecessary detail in order to avoid

obscuring the embodiments.

[0015] Also, it is noted that individual embodiments may be described as a process
which is depicted as a flowchart, a flow diagram, a data flow diagram, a structure
diagram, or a block diagram. Although a flowchart rhay describe the operations as a

sequential process, many of the operations can be performed in parallel or concurrently.



10

15

20

25

30

WO 2009/130441 PCT/GB2009/000970
4 . .

In addition, the order of the operations may be re-arrangéd_. A process may be terminated
when its operations are corhpleted, but could have additional steps not discussed or
included in a figure. Furthermore, not all operations in any particularly described process
may occur in all embodﬁnents. A process may correspond to a method, a function, a
procedure, a subroutine, a subprogram, etc. When a process corresponds to a function, its
termination corresponds to a return of the function to the calling function or the main

function.

[0016] Furthermore, embodiments of the invention may be implemented, at least in
part, either manually or automatically. Manual or automatic implementations may be
executed, or at least assisted, through the use of machines, hardware, software, firmware,
middleware, microcode, hardware description lanQUages; or any combination thereof. |
When implemented in software, firmware, middleware or microcode, the program code or
code segments to perform the necessary tasks may be stored in a machine readable

medium. A processor(s) may perform the necessary tasks.

[0017] . In one embodiment of the invention, a system for drilling a cavity in a medium
is provided. The system may include at least one drill bit, a drillstring, a processor; and a
contfoller. Merely by way of example, the mediﬁm into which the cavity may be drilled
may be an earthen formation. The cavity may be include vertical, horizontal, straight

and/or curved passages with varying cross sectional sizes and possibly shapes.

[0018] In some embodiments, the drill bit may be configured to rotate in the medium
and remove at least a portion of the medium to at least partially define the cavity. Merely
by way of example, the drill bit may include differing types of cutters, including solid
fixed cutter, a roller-cone cutter, and/or a polycrystalline diamond compact cutter. In

some embodiments, snubbers may also be included in the drill bit to alter the

" characteristics of the drilling process through the medium.

[0019] In some embodiments, the drillstring may be coupled with the drill bit, and may
be configured to receive a rotational motion, rotate the drill bit, and apply a force to the
drill bit. Merely by way of example, the drillstring may include a bottomhole assembly
and drill pipe or tubing. The drillstring may be rofated by a rotary table and/or a topdrive

system.

[0020] Force (for example, weight in vertical-type applications) may be applied to the
drill bit by the drillstring and may be increased in certain applications via additions to the
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drillstring such as weight collars. The amount of force applied to the drill bitr may vary
with the lowering of a traveling block (for example, a pulley system) which is attached
via cable to a drum which, when rotated, can lower and raise the traveling block. As the
traveling block is lowered, more force may be applied to the drill bit as the medium takes
up more of the weight of the bit not being held by the traveling block and corresponding

cabling system.

[0021] In some embodiménts, the traveling block may not be configured ‘to be moved.
upward during actual downhole turning drilling operations into the medium. In these
embodiments, the force on the drill bit may be reduced by holding the traveling block
steady and at least partially maintaining the spatial position of the drillstring, or at least a
top portion of the drillstring. '

[0022] In .other embodiments, the force applied to the drill bit may be reduced by
moving the top of the drillstring upwards, while actively continuing with the drilling
operation. Merely by way of example, rack-and-pinion systems, hydraulic systems,
and/or other means may be employed to axially move the drillstring in reverse directions,

upwards, during turning of the drillstring in drilling operations.

[0023] In some embodiments, the processor may be configured to receive a first set of
data representative of a variable rotational speed of the drill bit during a length of time in
the medium. The processor may be further configured to determine, based at least in part
on the first set of data, a first resonant frequency of the variable rotational speed of the
drill bit. The processor may also be configured to determine a second set of data
representative of the first resonant frequency of the variable rotational speed of the drill
bit. In some embodiments, the second set of data may also include information
representative of other resonant frequencies beyond and possibly includiﬁg the first

resonant frequency.

[0024] In some embodiments, the processor may be located in proximity to the drill bit.
In one of these embodiments, the processor may be located in the bottomhole assembly.
In another embodiment, the processor may be located remote from the drill bit, possibly

above ground near or in unison with the controller.

[0025] In some embodiments, the system may also include a speed sensing device. The
processor may be in communication with the speed sensing device. In some

embodiments, the speed sensing device may also be located in proximity to the drill bit.
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The speed sensing device may be configured to determine the variable rotational speed of
the drill bit. In some embodiments, the speed sensing device may be configured to
determine the first set of data which is representative of the variable rotational speed of
the drill bit during the length of time in the medium. Merely by way of example, the .
speed sensing device may include a magﬁetometer which measures the rate-of-.ch:mgei of
angle to the earth’s magnetic field, or one or more accelerometers orientated on the

rotational axis of the bore hole assembly or other porﬁon of the system.

[0026] In some embodiments, the controller may be configured to receive the second
set of data and vary the force applied to the drill bit by the drillstring based at least in part
on the second set of data. In these and other embodiments, the controller may be located
remotely from the processor. In an earthen drilling example, the controller may be
located above the surface and control the rotational drive which turns the drillstring. Data
or information from the processor may be received from the processor telemetrically, for
example, by low-rate telemetry methods such as mud-pulse systems, electro-magnetic
systems; or by high-rate telemetry methods such as inductively coupled wired pipe or

continuous wire.

[0027] In some embodiments, the controller may control a brake which is coupled with
the drillstring and controls the speed lowering of the drillstring. In one embodiment, the
brake may control rotation of the drum discussed above. By varying the drop rate of the
cable coupled with both the drum and the traveling block, the .brake may vary the force
applied to the drill bit by the drillstring. Therefore, in embodiments with a brake, the
controlled may be configured to control the brake to vary the force applied to the drill bit
by the drillstring. |

[0028] In some embodiments the controller may include a band-stop or notch filter.
The band-stop or notch ﬁltér may remove the resonant frequency or frequencies
represented by the second set of data from variance of the force applied by the drillstring
to the drill bit. In this manner, torsional resonance may at least be reduced from system
operation. In some embodirhents, the systems of the invention may be complimented by
systems which allow rotational vibration of the drill bit and/or drillstring to escape
through a use of a feedback controller at the drive system of the drillstring. |

[0029] In some embodiments, the processor may be further configured to monitor a

- weight or a torque of at least one or more of the drillstring and drill bit and determine a
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second resonant frequency or set of resonant frequencies of the variable rotational speed
of the drill bit, based at least in part on the first set of data and at least one of the weight
and the torque. In these or other embodiments, the controller may be further configured
to receive a third set of data representative of the second resonant frequency or set of
resonant frequencies of the variable rotational speed of the drill bit, and vary the force
applied to the drill bit by the drillstring based at least in part on the third set of data.

[0030] In another embodiment of the invention, a method for drilling a cavity in a
medium is provided. The method may include rotating a drill bit in the medium and
applying a force to the drill bit. The method may also include removing at least a portion
of the medium to at least partially define the cavity.

[0031] In some embodiments, the method may further include determining a first set of
data based at least in part on the variable rotational speed of the drill bit during a length of
time in the medium. In one embodiment, the variable rotational speed of the drill may be

determined through the use of the systems and or sub-systems described herein.

[0032] In some embodiments, the method may additionally include determining, based
at least in part on the first set of data,.a second set of data representative of a first resonant
frequency or set of resonant frequenciés of the variable rotational spéed of the drill bit. In
one embodiment, varying the force applied to the drill bit by based at least in part on the
second set of data may occur remotely from determining the first set of data based at least |
in part on the variable rotational speed of the drill bit during a length of time in the
medium. Merely by way of example, a processor in the bottomhole assembly may
determine the first resonant frequency or set of resonant frequencies, while a controller

may use the first set of data remotely to control the movement of the drill bit.

[0033] In some embodiments, the method may moreover include varying the force
applied to the drill bit by based at least in part on the second set of data. In one
embodiment, varying the force applied to the drill bit may include filtering the first
resonant frequency from the variance of force applied to the drill bit. In another
embodiment, a set of resonant frequencies may be filtered from the variance of force
applied to the drill bit.

[0034] In some embodiments, vaiying the force applied to the drill bit may include
controlling a brake coupled with the drill bit. In this or other embodiments, the method
may include decreasing the force applied to the drill bit by the drillstring. While in some
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embodiments pulling back the drill bit from the medium may not be possible during
forward turning of the drill bit, in other embodiments, such operation may be possible.
Therefore, in some embodiments, decreasing the force applied to the drill bit by the
drillstring may include maintaining the spatial position of the drillstring, possibly by
completely braking axial motion of the drill bit, while in other embodiments, pulling back
the drillstring while still rotating forward may bé possible.

[0035] In some embodiments, the method may also include monitoring a weight or a
torque at the drill bit and determining a second resonant frequency or set of resonant
frequencies of the variable rotational speed of the drill bit, based at least in part on the
first set of data and at least one of the weight and the torque. A third set of data may be
determined which is representative of the second resonant frequency or set of resonant
frequencies of the variable rotational speed of the drill bit, and the force applied to the
drill bit may be varied based at least in part on the third set of data.

[0036] In another embodiment of the invention, a system for drilling a cavity in a
medium is provided. The system may include a first means, a second means, and a third

means.

[0037] In some embodiments, the first means may be for removing at least a portion of
the medium to at least partially define the cavity. Merely by way of example, the first
means may include the drill bits discussed herein, the drillstrings discussed herein,

another component discussed herein, and/or any other device or mechanism.

[0038] In some embodiments, the second means may be for determining a first resonant
frequency of a variable rotational speed of the first means. Merely by way of example,
the second means may include the processors discussed herein, another component
discussed herein, and/or any other device or mechanism. In one embodiment, the
processor may be configured to receive a first set of data representative of a variable
rotational speed ’of the first means during a length of time in the medium and determine,
based at least in part on the first set of data, the first resonant frequency of the variable

rotational speed of the first means.

[0039] In some embodiments, the third means may be for varying a force applied to the
first means based at least in part on the first resonant frequency. Merely by way of
example, the third means may include the controllers discussed herein, another

component discussed herein, and/or any other device or mechanism. In one embodiment,
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the controller may be configured to receive a second set of data representative of the first
resonant frequency of the variable rotational speed of the first means and vary the force

applied to the first means based at least in part on the second set of data.

[0040] In some embodiments, the system may also include a fourth means for
determining a variable rotational speed of the first means. Merely by way of example, the
fourth means may include the speed sensing devices, magnetometers, and/or
accelerometers discussed herein, another component discussed herein, and/or any other

device or mechanism.

[0041] In some embodiments, the system may also include a fifth means for
determining a weight and or torque at the first means. Merely by way of example, the
fifth means may include the strain gauges discussed herein, another component discussed

herein, and/or any other device or mechanism.

[0042] Turning nov§ to Fig. 1, a side view of a system 100 of the invention for drilling a
cavity 110 in a medium 120 while preventing torsional resonance, system 100 having a
drill bit 130, a bottom hole assembly 140, a drillstring 150, a traveling block 160, a drum
170, a brake 180, and a controller 190. System 100 may also include movement
subsystem 195, which may allow for axial movement of drillstring 150 durlng drilling. In

this example, movement subsystem 195 may at least assist in upward and/or downward

movement of drillstring 150 during turning of drillstring 150. In some embodiments,
movement subsystem 195 may be fully responsible for axial movement (for example,

upward and downward movement) of drillstring 150 prior-to, during, and/or after drilling.

[0043] As a rotary table, a topdrive, or other rotational mechanism rotates drillstring
150, bottomhole assembly 140 and drill bit 130 rotate, removing medium 120 and
creating cavity 110. As discussed above, torsional vibration along with stick-slip may

occur, causing a reduced rate of drilling depth speed.

[0044] A significant factor in producing rotational oscillations may inciude variations
in torque at drill bit 130. Variations in torque may be produced by two primary Sources,
variations in both the properties of the material, which may be anisotropic, and the
amount of weight on the drill bit. The weight on the bit (“WOB”) may be affected by at
least the weight of bottomhole assembly 140, the weight of drillstring 150, and the
movement of traveling block 160 as controlled by drum 170, brake 180, and controller



10

15

20

25

30

WO 2009/130441 PCT/GB2009/000970
10

/

190. Because variations in torque may be linear with respect to WOB, variations in WOB

may translate proportionally into variations in torque.

[0045] Thus, an equation that describes a model of the system shown in Fig. 1 as a

lightly-damped resonant system driven by torque at drill bit 130 may be:
. d . .
¢ < real (E fT (t — v)exp(—A7) sin(27ifr)d 1)

where ¢ may be the angle (and hence ¢ may be the rotational angular velocity), T may
be the torque, ¢ may be the time, 4 may be the damping coefficient, and f may be the

resonant frequency.

[0046] From this equation it will now be understood that to the fluctuations in the
rotational velocity may be reduced significantly by reducing the fluctuations that occur at

the resonant frequéncy. In one embodiment, these fluctuations may be affected by

_ controlling the movement of traveling block 160 which affects the WOB. In some

embodiments, such as the one shown in Fig. 1, this may be controlled by a brake on a

drum cabled to traveling lock 160.

[0047] In some embodiments, raising drillstring 150 may not be possible during drilling
operations. In these embodiments, it may be that traveling block 160 may only be
lowered and not raised. In these embodiments, any desired upward motion by controller
190 may be replaced with traveling block 160 remaining stationary, thereby decreasing
the WOB without removing it entirely.

[0048] In other. embodiments, a system may be used to raise the drillstring during the
drilling operation. In such embodiments, the force applied to the drill bit may be reduced
by moving the top of the drillstring upwards, while actively continuing with the drilling
operation. Systems for raiding the drillings during the drilling process may include rack- -
and-pinion systems, hydraulic systems, and/or other means may be employed to axially

move the drillstring in reverse directions, upwards, during turning of the drillstring in
drilling operations. Merely by way of example, a top drive for driving the drillstring to

rotate, a rotary table or the like may be axially moveable during a drilling process to

provide for axial motion of the drillstring during the drilling process. |

[0049] In some embodiments, the dominant or other resonant frequencies of the

rotational oscillations may vary along the length of drilistring 150. In some
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embodiments, the dominant or other resonant frequencies of drillstring 150 may be.
.determined by either calculation from the physical properties of system 100, or
observation of system 100 under operating conditions. In some embodiments,
observation of the top of drillstring 150 may suffice, but in other embodiments,
observation of conditions in proximity to bottomhole assembly 140 may provide

increased accurate determination of dominant or other resonant frequencies.

[0050] Fig. 2 shows a side cut-away block diagram view of bottomhole assembly 140
from Fig. 1. This bottomhole assembly 140 may contain processors and devices in
communication with such processors to determine parameters of rotational oscillations in
proximity to drill bit 140. In this embodiment, rotational speed may be measured by
employing either magnetometers 210 which detect the earth’s magnetic field, or by using
one or more accelerometers 220 oriented around the rotational axis of bottomhole

assembly 140.

[0051] In some embodiments, data from either magnetometers 210, accelerometers 220,
or other device may be transmitted to processor 230, where the dominant and other
resonant frequencies may be determined. This data may then be transmitted to controller -
190, which may be at the surface above cévity 110. In some embodiments, a mud-pulse

telemetry pulser 240 may be used to transmit the relevant data to the surface.

[0052] In some embodiments, additional characteristics of down hole operation, for
example, weight and torque at drill bit 130, may be determined by strain gauges or other
devices 250. Either at processor 230 or controller 190, the ratio of the spectrum of the
rotational speed to weight, torque, or other measured quantity may allow the dominant or
other resonant frequencies to be determined even while rotational oscillations are being
inhibited by processor 230 and/or controller 190. This additional information may be
transmitted to controller 190 to continually adjust which dominant frequencies are filtered

from operation.

[0053] Fig. 3 shows a block diagram of a method 300 of the invention for drilling a
cavity 110 in a medium 120 which prevents torsional resonance. At block 305, the
drillstring 150 is rotated 305, for example, by a rotary table or topdrive system. At block
310, drillstring 150 is lowered via a control mechaniém, for example, by a controller 190,
brake 180 and drum 170 mechanisms. By lowering drillstring 150, the WOB is increased
and hence the torque at drill bit 130.
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[0054] At block 315, the rotational speed of the drill bit 130 at the bottom of drillstring
150 is determined, possibly by using magnetometers 210 and/or accelerometeré 220. At
block 320, one or more resonant frequencies of the rotation of drill bit 130 are
determined, for example, by a processor 230 in communication with the magnetometers
210. and/or accelerometers 220. Communication may be provided by a telemetry system,
wired drill pipe and/or the like.

[0055] At block 325, the determinec& resonant frequencies are removed from the
variable rate lowering of drillstring 150, possibly by controller 190. At block 330, the
lowering of drillstring 150 is continued, with the resonant frequencies removed from the

variable lowering rate of drillstring 150.

[0056] In some embodiments, the resonant frequencies may be variable as drill bit 130
progresses deeper into the medium. In one or more of these embodiments, at block 335, |
the resonant frequencies which were previously removed from the control of the lowering
drillstring 150 may be reinserted, and the process from block 305 to block 330 repeated.
In this manner, the new resonant frequencies of the system may be determined and

thereafter used to control the system to reduce torsional resonance.

[0057] In these or other embodiments, the reinserting of the resonant frequencies .into
the control scheme may not occur, or may occur only at certain intervals. In these
embodiments, another method may be used to adjust which resonant frequencies are
removed from control of the lowering (and hence WOB and torque) of drill bit 130. At
block 340, the weight and/or tofque at drill bit 130 is determined, possibly via strain

gauges or other devices 250 and processor 230.

[0058] At block 345, a ratio of the spectrum of rotational speed to the weight and/or
torque is determined, possibly at processor 230. From this determined ratio, new and/or
adjusted resonant frequencies may be determined at block 350, and may be determined in
the system, for example, by processor 230. At block 355, those new and/or adjusted
resonant frequencies may be removed from the variable rate lowering of drillstring 150,
possibly by controller 190. At block 360, the lowering of drillstring 150 is continued,
with the new and/or adjusted- resonant frequencies removed from the variable lowering
rate of drillstring 150. In steps 310, 330 and/or 360, controlled lowering of the drillstring
mayb comprise moving the drillstring axially in the borehole in an upward or downward

direction.
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[0059] The invention has now been described in detail for the purposes of clarity and
understanding. However, it will be appreciated that certain changes and modifications

may be practiced within  the scope of the appended claims.
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WHAT IS CLAIMED IS:

1. A system for drilling a cavity in a medium, wherein the system
comprises:
a drill bit, wherein the drill bit is configured to:
rotate in the medium; and
remove at least a portion of the medium to at least partially
define the cavity;
a drillstring coupled with the drill bit, wherein the drillstring is configured
to: |
receive a rotational motion;
rotate the drill bit; and
apply a force to the drill bit;
a processor, wherein the processor is configured to:
receive a first set of data representative of a variable
rotational speed of the drill bit during a length of time in the medium; and
detérmine, based at least in part on the first set of data, a
first resonant frequency of the variable rotational speed of the drill bit; and
a controller, wherein the controlled is configured to:
receive a second set of data representative of the first
resonant frequency of the variable rotational speed of the drill bit; and
vary the force applied to the drill bit by the drillstring based

at least in part on the second set of data.

2. The system for drilling a cavity in a medium of claim 1, wherein
the system further comprises a brake, wherein the brake is coupled with the drillstring,
and wherein the brake is configured to vary the force applied to the drill bit by the
drillstring.

3. The system for drilling a cavity in a medium of claim 2, wherein
the controller being configured to vary the force applied to the drill bit by the drillstring
based at least in part on the second set of data comprises the controller being configured

to control the brake.
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4. The system for drilling a cavity in a medium of claim 1, wherein
the controller comprises a band-stop filter, wherein the controller being configured to
vary the force applied to the drill bit by the drillstring based at least in part on the second
set of data comprises the band-stop filter being configured to remove the first resonant

frequency from the variance of force applied to the drill bit by the drillstring.

5. The system for drilling a cavity in a medium of claim 1, wherein
the controller is further configured to decrease the force applied to the drill bit by the
drillstring.

6. The system for drilling a cavity in a medium of cléim 5, wherein
the controller being configured to decrease the force applied to the drill bit by the
drillstring comprises the controller being configured to maintain the spatial position of the
drillstring.

7. The system for drilling a cavity in a medium of claim 1, wherein
the drillstring is conﬁgured to move in two different axial directions during drilling

operations.

, 8. The system for drilling a cavity in a medium of claim 7, wherein
the controller is configured to control the drillstring to move axially during the drilling
operation to vary the force applied to the drill bit by the drillstring

9. The system for drilling a cavity in a medium of claim 1, wherein
the system further comprises a speed sensing device, wherein the speed sensing device is
configured to:

determine the variable rotational speed of the drill bit; and

determine the first set of data representative of the variable rotational

speed of the drill bit during the length of time in the medium.

10. . The system for drilling a cavity in a medium of claim 9, wherein
the speed sensing device and the processor are coupled with the drillstring in proximity to
the drill bit.

11.  The system for drilling a cavity in a medium of claim 10, wherein

the second set of data is telemetrically transmitted from the processor to the controller.
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12.  The system for drilling a cavity in a medium of claim 1, wherein:
the processor is further configured to:
monitor a Weight or a torque of at least the drillstring; and
determine a second ‘resonant frequency of the variable
rotational speed of the drill bit, based at least in part on the first set of data
and at least one of the weight and the torque; and
| the controller is further configured to:
receive a third set of data representative of the second
. resonant frequenéy of the variable rotational speed of the drill bit; and
vary the force applied to the drill bit by the drillstring based
at least in part on the third set of data. |

13. A method for drilling a cavity in a medium, wherein the method

comprises:
rotating a drill bit in the medium;
“applying a force to the drill bit;
removing at least a portion of the medium to at least partially define the
cavity;

determining a first set of data based at least in part on the variable
rotational speed of the drill bit during a length of time in the medium;

determining, based at least in part on.the first set of data, a second set of
data representative of a first resonant frequency of the variable rotational speed of the
drill bit; and

varying the force applied to the drill bit based at least in part on the second
set of data. | |

14.  The method for drilling a cavity in a medium of claim 13, wherein
varying the force applied to the drill bit comprises controlling a brake coubled with the
drill bit.

15.  The method for drilling a cavity in a medium of claim 13, wherein
varying the force applied to the drill bit comprises filtering the first resonant frequency
from the variance of force applied to the drill bit.
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16.  The method for drilling a cavity in a medium of claim 13, wherein

- the method further comprises decreasing the force applied to the drill bit.

17.  The method for drilling a cavity in a medium of claim 13, wherein
applying a force to the drill bit comprises selectively moving the drill bit in two different

axial directions during drilling operations.

18.  The method for drilling a cavity in a medium of claim 13, wherein
the determining the first set of data based at least in part on the variable rotational speed
of the drill bit during a length of time in the medium occurs remotely from varying the
force applied to the drill bit by based at least in part on the second set of data.

19.  The method for drilling a cavity in a medium of claim 13, wherein
the method further comprises:
| monitoring a weight or a torque at the drill bit;

determining a second resonant frequency of the variable rotational speed

- of the drill bit, based at least in part on the first set of data and at least one of the weight

and fhe torque;

determining a third set of data representative of the second resonant
frequency of the variable rotational speed of the drill bit; and

varying the force applied to the drill bit based at least in part on the third
set of data.

20. A system for drilling a cavity in a medium, wherein the system
comprises:

a first means for removing at least a portion of the medium to at least
partially define the cavity;

a second means for determining a first resonant frequency of a variable
rotational speed of the first means; and B

a third means for varying a force applied to the first means based at least in

part on the first resonant frequency.

21.  The system for drilling a cavity in a medium of claim 20, wherein

the first means comprises a drill bit.
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22.  The system for drilling a cavity in a medium of claim 20, wherein
the second means comprises a processor configured to:

receive a first set of data representative of a variable rotational speed of
the first means during a length of time in the medium; and

determine, based at least in part on the first set of data, the first resonant

frequency of the variable rotational speed of the first means.

23.  The system for drilling a cavity in a medium of claim 20, wherein
the third means comprises a controller configured to:

receive a second set of data representatiVe of the first resonant frequency
of the variable rotational speed of the first means; and

vary the force applied to the first means based at least in part on the

second set of data.
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