woO 2020/0860624 A 1 | 0000 KO Y100 0 00 0 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
30 April 2020 (30.04.2020)

(10) International Publication Number

WO 2020/086064 Al

WIPO I PCT

1)

@n

22)

@5
(26)
(71)

(72)

(74)

@81)

International Patent Classification:
E2IB 10/42 (2006.01) E21B 10/54 (2006.01)

International Application Number:
PCT/US2018/057123

International Filing Date:
23 October 2018 (23.10.2018)

Filing Language: English

Publication Language: English

Applicant: HALLIBURTON ENERGY SERVICES,
INC. [US/US]; 3000 North Sam Houston Parkway East,
Houston, Texas 77032-3219 (US).

Inventors: DUNBAR, Bradley D., 227 Wisteria Walk
Circle, The Woodlands, Texas 77381 (US). WISINGER.,
John L., Jr.; 31326 Sunset Oaks Ln., Spring, Texas 77386
(US).

Agent: GOODE, Matthew et al.; Chamberlain, Hrdlicka,
White, Williams & Aughtry, 1200 Smith Street, 14th Floor,
Houston, Texas 77002 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,

84

HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ, LA, LC,LK,LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant's entitlement to apply for and be granted a
patent (Rule 4.17(ii))

Published:

with international search report (Art. 21(3))

(54) Title: Systems and Methods for Drilling a Borehole using Depth of Cut Measurements

(57) Abstract: A drill bit for a drilling system. The drill bit may include
blades and a first depth of cut sensor. The blades may each comprise cut-

ters. The first depth of cut sensor may be coupled to one of the blades and
positioned to measure a distance between the first depth of cut sensor and a
downhole surface of the borehole and transmit the distance measurement
to a control system of the drilling system.



WO 2020/086064 PCT/US2018/057123

Systems and Methods for Drilling a Borehole using Depth of Cut Measurements

BACKGROUND
[0001] This section is intended to provide relevant background information to facilitate a
better understanding of the various aspects of the described embodiments. Accordingly, it
should be understood that these statements are to be read in this light and not as admissions
of prior art.
[0002]  Various types of tools are used to form boreholes in subterranean formations for
recovering hydrocarbons such as oil and gas lying beneath the surface. Examples of such
tools include rotary drill bits, hole openers, reamers, and coring bits. Rotary drill bits include,
but are not limited to, fixed cutter drill bits, drag bits, matrix drill bits, rock bits, and roller
cone drill bits.
[0003] In a drilling application, a drill bit may be selected based on the properties of the
formation being drilled through. As the borehole is formed, a depth of cut, the amount of
formation material that is removed by the drill bit in each revolution, is measured and a rate
of penetration, the speed at which the borehole is deepened, is determined based on this
measurement.
[0004]  Currently, depth of cut measurements are calculated based on a measured rate of
penetration or physically measured downhole as the formation is being drilled. The rate of
penetration can be calculated at the surface or through the use of downhole sensors. However,
both of these methods provide an average depth of cut and, therefore, cannot provide real-
time depth of cut measurements. Further, the drill string may act as a spring due to the forces
applied to the drill string, introducing a potential source of error when measuring the rate of
penetration. Additionally, although physical measurement systems integrated into a drill bit
do exist and may provide a real-time depth of cut measurement, the systems utilize springs
which can deform over time, leading to inaccurate measurements, or fail, leading to costly
downtime as the spring is replaced.
[0005]  Accordingly, there exists a need for an improved system and method for measuring

depth of cut of a drill bit to provide a more accurate rate of penetration through a formation.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] Embodiments of the system for drilling a borehole are described with reference to
the following figures. The same numbers are used throughout the figures to reference like

features and components. The features depicted in the figures are not necessarily shown to
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scale. Certain features of the embodiments may be shown exaggerated in scale or in
somewhat schematic form, and some details of elements may not be shown in the interest of

clarity and conciseness.
[0007]  FIG. 11is a cross-sectional diagram of a drillings system;
[0008]  FIG. 2 is an isometric view of the drill bit of the drilling system of FIG. 1;

[0009] FIG. 3 is a cross-sectional diagram of the drill bit of FIG. 1 in a lower portion of the
borehole of FIG. 1;

[0010]  FIG. 4 is a flow chart illustrating a method of drilling a borehole; and

[0011]  FIG. 5 is a flow chart illustrating a method of selecting a drill bit design for a given

formation using a computer model.

DETAILED DESCRIPTION
[0012]  The present disclosure provides systems and methods for drilling a borehole using
depth of cut measurements. The systems and methods may be used to determine depth of cut

of a drill bit as the borehole is being drilled.

[0013] A main borehole may in some instances be formed in a substantially vertical
orientation relative to a surface of the well, and a lateral borehole may in some instances be
formed in a substantially horizontal orientation relative to the surface of the well. However,
reference herein to either the main borehole or the lateral borehole is not meant to imply any
particular orientation, and the orientation of each of these boreholes may include portions that
are vertical, non-vertical, horizontal or non-horizontal. Further, the term “uphole” refers a
direction that is towards the surface of the well, while the term “downhole” refers a direction

that is away from the surface of the well.

[0014] FIG. 1 is a cross-sectional diagram of a drilling system 100, according to one or
more embodiments disclosed. The drilling system 100 is located at well site 102. The drilling
system 100 includes a drilling rig 104 as well as a control system 106. Various types of
drilling equipment such as generators, a rotary table, fluid pumps, and drilling fluid tanks (not
shown) may also be located at the well site 102. Although a land drilling system 100 is
shown, the features of the drilling system 100 discussed below may also be used with

offshore drilling systems (not shown).

[0015] Drilling system 100 also includes a drill string 108 coupled to a drill bit 110 used
to form a borehole 112 in a formation 114. A bottom hole assembly (“BHA”) 116 include a
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wide variety of components configured to form the borehole 112. For example, components
of the BHA 116 may include, but are not limited to, drill bits, such as the drill bit 110, coring
bits, drill collars, rotary steering tools, directional drilling tools, downhole drilling motors, a
gear box, reamers, and hole enlargers or stabilizers. The number and types of components
included in the BHA 116 depends on anticipated downhole drilling conditions and the type of
borehole 112 that will be formed by the drill string 108 and the drill bit 110.

[0016] The BHA 116 includes a control system 118. The BHA may also include various
types of well logging tools, measurement-while-drilling tools, telemetry systems, and other
downhole tools associated with drilling a borehole 112. Examples of logging tools may
include, but are not limited to, acoustic, neutron, gamma ray, density, photoelectric, nuclear
magnetic resonance, rotary steering tools and/or any other commercially available well tool.
Further, the BHA 116 may also include a rotary drive connected to the components of the
BHA 116 that rotates at least part of the drill string 108 together with the components of the
BHA 116 and/or the BHA 116 may not include a control system.

[0017] The borehole 112 is defined in part by a casing 120 that extends from the well site
102 to a selected downhole location. Portions of the borehole 112 below the selected location,
however, may not include casing. In other embodiments, casing may extend the length of the
borehole 112. Various types of drilling fluid may be pumped from the well site 102 through
the drill string 108 and the drill bit 110. The drilling fluid is circulated back to the well site
102 through an annulus 122 defined in part by an outside diameter 124 of the drill string 108
and an inside diameter 126 of the borehole 112, also referred to as the sidewall of the
borehole 112. The annulus 122 may also be defined by an outside diameter 124 of the drill
string 108 and an inside diameter 128 of the casing 120.

[0018] FIG. 2 illustrates an isometric view of the drill bit 110 of the drilling system 100
shown in FIG. 1. The drill bit 110 may be any of various types of fixed cutter drill bits,
including PCD bits, drag bits, matrix drill bits, and/or steel body drill bits operable to form a
borehole extending through one or more downhole formations. The uphole end 200 of the
drill bit 110 includes a threaded shank 202. The threaded shank 202 is used to releasably
engage the drill bit 110 with the BHA 116, allowing the drill bit 110 to rotate along with the
BHA 116. As previously discussed, the BHA 116 may include a gearbox that allows the drill
bit 110 to rotate at a different speed than the remainder of the BHA 116.

[0019] A drill bit may conceivably include any number of blades circumferentially spaced
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about a bit body. In the example of FIG. 2, the drill bit 110 includes a plurality of blades 204
that are disposed outwardly from a bit body 206 of the drill bit 110. The blades 204 may be
coupled to the bit body 206 or alternatively may be formed from the bit body 206. Each blade
204 includes a plurality of cutters 208 disposed outwardly from the blade 204. The cutters
208 are optionally arranged in this example in a plurality of rows per blade, wherein one row
of cutters may be configured as primary cutters, and subsequent rows may be configured as

backup cutters, secondary cutters or any combination thereof.

[0020] Each cutter 208 includes a super-hard cutting layer 210 such as diamond, disposed
on a substrate 212, such as tungsten carbide (WC). The cutting layer 210 includes a cutting
face 214 that engages the formation 114 to form the borehole 112, such as by a shearing,
gouging, scraping, or combination thereof, depending on the particular bit and cutter type and
configuration. The substrate 212 may have any of a variety of configurations, typically a
cylindrical shape as shown, and may be formed from tungsten carbide or other suitable
materials associated with forming cutters for rotary drill bits. The cutting layer 210 in the
illustrated configuration is typically formed from polycrystalline diamond (PCD) material,
such as a thermally stable polycrystalline diamond (TSP), or other suitable materials.
Although the drill bit in 200 in FIG. 2 is illustrated as a fixed-cutter type bit, it should be
understood that the aspects of this disclosure may be applied to other types of drill bits having
a plurality of cutters arranged about a bit body, such as abrasive drill bits or roller cone bits,
and that alternate configurations of cutters including abrasive type cutters may be included.
These aspects may also be applied to other rotary cutting tools having a cutting structure

disposed on its periphery, such as coring bits or reamers.

[0021] The drill bit 110 also includes one or more depth of cut sensors (four shown, 216)
that are coupled to the blades 204 and do not extend beyond the cutters 208 on the blade 204.
This prevents the depth of cut sensors 216 from contacting the formation 114 as the cutters
208 engage the formation 114. The depth of cut sensors 216 are positioned to measure the
distance between the respective depth of cut sensors 216 and the downhole surface of the
borehole 112, as described in more detail below. A single or multiple depth of cut sensors
216 may be coupled to a single blade 204 or alternatively each blade 204 may include a
single or multiple depth of cut sensors 216, or both. Additionally, the depth of cut sensors
216 may be coupled to the bit body 206 between the blades.

[0022] In the illustrated embodiment, the depth of cut sensors 216 are acoustic sensors

that reflect acoustic signals off of a surface to determine a distance between the surface and
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the acoustic sensor. Additional types of sensors, such as resistivity sensors or optical sensors,
may be used in addition to or in place of the acoustic sensors, however performance of the

depth of cut sensors 216 may vary depending on the type of sensor that is used.

[0023] In addition to the depth of cut sensors 216, one or more lateral sensors 218 (three
shown) are be coupled to the blades 204 of the drill bit 110. Similar to the depth of cut
sensors 216, the lateral sensors 218 do not extend beyond the cutters 208 on the blade 204 to
prevent the lateral sensors 218 from contacting the formation 114. The lateral sensors 218 are
positioned to measure the distance between the respective lateral sensor 218 and the sidewall
of the borehole 112. A single or multiple lateral sensors 218 are coupled to a single blade 204
of the drill bit 110 or alternatively each blade 204 may include a single or multiple lateral
sensors 218, or both. Additionally, lateral sensors 218 may be coupled to the bit body 206

between the blades.

[0024] In the illustrated embodiment, the lateral sensors 218 are acoustic sensors that
reflect acoustic signals off of a surface to determine a distance between the surface and the
acoustic sensor. Additional types of sensors, such as resistivity sensors or optical sensors,
may be used in addition to or in place of the acoustic sensors, however performance of the
lateral sensors 218 may vary depending on the type of sensor that is used. Further, some drill

bits 110 may not include lateral sensors.

[0025] FIG. 3 is cross-sectional diagram of the drill bit of FIG. 1 in a lower portion of the
borehole 112. As shown in FIGS. 1 and 3, the cutters 208 of the drill bit 110 engage with
formation 114. As the drill bit 110 is rotated by the BHA 116, the cutters 208 remove
material from the formation 114, forming the borehole 112. Additionally, accelerometers (not
shown), magnetometers (not shown), and/or gyroscopes (not shown) in the BHA 116 are

used to determine when a revolution of the drill bit 110 has occurred.

[0026] At least once per rotation of the drill bit, one or more depth of cut sensors 216
measure the distance 300 between the depth of cut sensor 216 and the downhole surface 302
of the borehole 112 in real time. The surface control system 106, a control system 118 in the
BHA 116, or both are used to calculate the difference between an initial distance
measurement taken by the depth of cut sensor 216 and a distance measurement taken by the
depth of cut sensor 216 after a single revolution of the drill bit 110 to determine an average

depth of cut of the drill bit 110.

[0027] When utilizing a surface control system 106, the measurements from the depth of
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cut sensors 216 are sent uphole to the surface control system 106 through a telemetry system
(not shown). In other embodiments, the downhole control system 118 may be used to
calculate the average depth of cut of the drill bit 110. The depth of cut sensors 216 may also
take measurements more than once per revolution of the drill bit. The measurements may also
be taken more often than once per revolution and the incremental depth of cut measurements
can be summed and averaged by the control system 106, 118 to provide a more accurate
average depth of cut measurement. When using multiple depth of cut sensors 216, the
measurements made by each sensor may also be averaged when determining the average
depth of cut. Multiple depth of cut sensors 216 may also be used in conjunction with lateral
sensors 218, accelerometers, and/or magnetometers to determine the depth of cut in a specific

location of the borehole.

[0028] Once the average depth of cut of the drill bit 110 is determined, the rate of
penetration of the drill bit 110 can be calculated by multiplying the average depth of cut by
the rotational speed of the drill bit 110. Similar to the average depth of cut determination, this
may be done using the surface control system 106, a control system 118 in the BHA 116, or
both. When using a surface control system 106, only the measurements are sent uphole, as
previously described, or a control system 118 in the BHA 116 may determine the rate of
penetration and send the rate of penetration uphole via the telemetry system. In at least one
embodiment, the depth of cut sensor measurements and/or calculated rate of penetration may

be stored by the control system 106, 118 for later retrieval.

[0029] One or more lateral sensors 218 are used to measure the distance 304 between the
lateral sensor 218 and the sidewall 306 of the borehole 112 to determine the position of the
drill bit 110 within the borehole 112 and/or to map the shape of the borehole 112. Similar to
the measurements from the depth of cut sensors 216, the measurements from the lateral
sensors 218 are utilized by the surface control system 106, a control system 116 in the BHA
116, or both. In at least one embodiment, the measurements from a single lateral sensor 218
may be used by the control system 106, 118 in conjunction with the accelerometers,
magnetometers, and/or gyroscopes in the BHA 116. Measurements from multiple lateral
sensors 218 may also be used by the control system 106, 118 to determine the position of the
drill bit 110 within the borehole 112 and to map the shape of the borehole 112. The lateral
measurements, position information, and/or borehole shape information may also be stored

by the control system 106, 118 for later retrieval.

[0030] FIG. 4 is a flow chart illustrating a method 400 of drilling a borehole, according to
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one or more embodiment disclosed. In step 402, a first distance between a depth of cut sensor
and the bottom of a borehole is measured with the depth of cut sensor. In step 404, the drill
bit is rotated. In step 4006, a second distance between the depth of cut sensor and the bottom
of the borehole is measured with the depth of cut sensor after at most one rotation of the drill
bit. In step 406, an average depth of cut is determined based on the first distance between the
depth of cut sensor and the bottom of the borehole and the second distance between the depth

of cut sensor and the bottom of the borehole.

[0031] The depth of cut measurements taken using the method of FIG. 4 may be used to
determine if the cutters on the drill bit need to be replaced. As the drill bit forms a borehole in
the formation, the cutters are engaged with the formation, causing wear on the cutters, which
reduces the size of the cutters over time. This reduction in size will also reduce the depth of
cut per revolution of the drill bit and, therefore can be tracked by evaluating the change in the
average depth of cut over time. Additionally, once a minimum depth of cut is reached, it may

indicate that the cutters or the drill bit itself need to be replaced.

[0032] The method of FIG. 4 or a similar method may also be used to calculate a rate of
penetration of the drill bit based on the average depth of cut and a rotational speed of the drill
bit, which can be determined using lateral sensors, accelerometers, magnetometers, and/or
gyroscopes. Once the rate of penetration is known, it can be evaluated against a predicted rate
of penetration. If the actual rate of penetration is lower than the predicted rate of penetration,
an operator can evaluate if stick slip, forward whirl, backward whirl, lateral vibration, or

other types of drilling dysfunction are occurring.

[0033] If it is determined that a drilling dysfunction is occurring, the rotational speed of
the drill bit and/or a weight applied to the drill bit can be adjusted as necessary to increase the
rate of penetration of the drill bit. As non-limiting examples, a stick slip drilling dysfunction
may require an increase in the rotational speed of the drill bit and/or a decrease in the weight
applied to the drill bit, and a backward whirl drilling dysfunction may require a reduction in
the rotational speed of the drill bit and/or an increase in the weight applied to the drill bit.
Additional types of drilling dysfunctions may require different adjustments to the rotational

speed of the drill bit or the weight applied to the drill bit.

[0034] FIG. 5 is a flow chart 500 illustrating a method of selecting a drill bit design for a
given formation using a computer model that simulates drilling a borehole through a

formation having a given set of parameters. As shown in 502, a drill bit design is selected.
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The model then generates a predicted depth of cut and rate of penetration based on the design
of the drill bit and the parameters of the formation, as shown in 504. The model also
generates additional information. A second drill bit design is then selected, as shown in 506,
and the model then generates a predicted depth of cut and rate of penetration based on the
design of the drill bit and the parameters of the formation, as shown in 508. The predicted
depth of cut and predicted rate of penetration are compared to determine which drill bit to use
for the given formation, as shown in 510. The model may also compare three, four, or more
drill bit designs. Additionally, the model may be used to determine a drilling plan for the

formation once a drill bit is selected.

[0035] The depth of cut measurements that are taken using the method of FIG. 4 or
similar methods may also be used to verify or revise the computer model. Once a drill bit and
drilling plan are selected, the actual average depth of cut and actual rate of penetration
measurements are used to verify the computer model. The actual average depth of cut and
rate of penetration may also be used revise the computer model to increase the accuracy of
the predicted rate of penetration and depth of cut, adjust an existing drilling plan, and/or

improve future drilling plans that are determined using the model.

[0036] Certain embodiments of the disclosed invention may include a drill bit for a
drilling system. The drill bit may include blades and a first depth of cut sensor. The blades
may each comprise cutters. The first depth of cut sensor may be coupled to one of the blades
and positioned to measure a distance between the first depth of cut sensor and a downhole
surface of the borehole and transmit the distance measurement to a control system of the

drilling system.

[0037] In certain embodiments, the drill bit may also include a second depth of cut sensor
positioned to measure a distance between the second depth of cut sensor and the downhole

surface of the borehole and transmit the distance measurement to the control system.

[0038] In certain embodiments, the second depth of cut sensor may be coupled to a

different one of the blades than the first depth of cut sensor.

[0039] In certain embodiments, the drill bit may also include a first lateral sensor coupled
to one of the blades. The first lateral sensor may be positioned to measure a radial distance
between the first lateral sensor and a borehole wall and transmit the distance measurement to

the control system.

[0040] In certain embodiments, the drill bit may also include a second lateral sensor
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positioned to measure a radial distance between the second lateral sensor and the borehole

wall and transmit the distance measurement to the control system.

[0041] In certain embodiments, the second lateral sensor may be coupled to a different one

of the blades than the first lateral sensor.

[0042] Certain embodiments of the disclosed invention may include a system for drilling a
borehole. The system may include a drill string, a drill bit operatively coupled to the drill
string, and a control system. The drill string may be configured to rotate within a borehole.
The drill bit may include blades and a first depth of cut sensor. The blades may each
comprise cutters. The first depth of cut sensor may be coupled to one of the blades and
positioned to measure a distance between the first depth of cut sensor and a downhole surface
of the borehole. The control system may be configured to receive the measurements from the
first depth of cut sensor and control a rotational speed of the drill bit and a force on the drill

bit.

[0043] In certain embodiments, the drill bit may also include a second depth of cut sensor
positioned to measure a distance between the second depth of cut sensor and the downhole

surface of the borehole and transmit the distance measurement to the control system.

[0044] In certain embodiments, the drill bit may also include a first lateral sensor coupled
to one of the blades. The first lateral sensor may be positioned to measure a radial distance
between the first lateral sensor and a borehole wall and transmit the distance measurement to

the control system.

[0045] In certain embodiments, the drill bit may also include a second lateral sensor
positioned to measure a radial distance between the second lateral sensor and the borehole

wall and transmit the distance measurement to the control system.

[0046] In certain embodiments, the control system may be further configured to calculate

a rate of penetration based on measurements from the first depth of cut sensor.

[0047] In certain embodiments, the system may also include a telemetry system in

communication with the surface control system.

[0048] In certain embodiments, the control system may include at least one of a surface

control system and a control system locatable downhole.

[0049] Certain embodiments of the disclosed invention may include a method for drilling

a borehole. The method may include measuring a first distance between a depth of cut sensor
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coupled to a drill bit of a drill string and the bottom of a borehole with the depth of cut
sensor. The method may further include rotating the drill bit. The method may also include
measuring a second distance between the depth of cut sensor and the bottom of the borehole
with the depth of cut sensor after at most one rotation of the drill bit. The method may further
include determining an average depth of cut based on the first distance between the depth of
cut sensor and the bottom of the borehole and the second distance between the depth of cut

sensor and the bottom of the borehole.

[0050] In certain embodiments, the method may also include taking a measurement of the
distance between a lateral sensor coupled to the drill bit and a borehole wall with the lateral

Sensor.

[0051] In certain embodiments, the method may also include determining a dimension of

the borehole based on the distance between the lateral sensor and the borehole wall.

[0052] In certain embodiments, the method may also include determining a position of the
drill bit within the borehole based on the distance between the lateral sensor and a borehole

wall.

[0053] In certain embodiments, the method may also include calculating a rate of
penetration of the drill bit with a control system based on the average depth of cut and a

rotational speed of the drill bit.

[0054] In certain embodiments, the method may also include adjusting the rotational speed

of the drill bit via the control system based on the calculated rate of penetration.

[0055] In certain embodiments, the method may also include adjusting a force on the drill

bit via the control system based on the calculated rate of penetration.

[0056] In certain embodiments, the control system may be located on the surface and the
method may also include transmitting the measurements taken by the depth of cut sensor to

the control system with a telemetry system.

[0057] Certain terms are used throughout the description and claims to refer to particular
features or components. As one skilled in the art will appreciate, different persons may refer
to the same feature or component by different names. This document does not intend to

distinguish between components or features that differ in name but not function.

2%

[0058] Reference throughout this specification to “one embodiment,” “an embodiment,”

2 2

“embodiments,” “some embodiments,” “certain embodiments,” or similar language means

10
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that a particular feature, structure, or characteristic described in connection with the
embodiment may be included in at least one embodiment of the present disclosure. Thus,
these phrases or similar language throughout this specification may, but do not necessarily,

all refer to the same embodiment.

[0059] The embodiments disclosed should not be interpreted, or otherwise used, as limiting
the scope of the disclosure, including the claims. It is to be fully recognized that the different
teachings of the embodiments discussed may be employed separately or in any suitable
combination to produce desired results. In addition, one skilled in the art will understand that
the description has broad application, and the discussion of any embodiment is meant only to
be exemplary of that embodiment, and not intended to suggest that the scope of the

disclosure, including the claims, is limited to that embodiment.

11
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CLAIMS
What is claimed is:
I. A drill bit for drilling system, the drill bit comprising:
blades, each blade comprising cutters; and
a first depth of cut sensor coupled to one of the blades and positioned to measure a
distance between the first depth of cut sensor and a downhole surface of the
borehole and transmit the distance measurement to a control system of the

drilling system.

2. The drill bit of claim 1, further comprising a second depth of cut sensor positioned to
measure a distance between the second depth of cut sensor and the downhole surface of the

borehole and transmit the distance measurement to the control system.

3. The drill bit of claim 2, wherein the second depth of cut sensor is coupled to a

different one of the blades than the first depth of cut sensor.

4. The drill bit of claim 1, further comprising a first lateral sensor coupled to one of the
blades, the first lateral sensor positioned to measure a radial distance between the first lateral

sensor and a borehole wall and transmit the distance measurement to the control system.

5. The drill bit of claim 4, further comprising a second lateral sensor positioned to
measure a radial distance between the second lateral sensor and the borehole wall and

transmit the distance measurement to the control system.

6. The drill bit of claim 5, wherein the second lateral sensor is coupled to a different one

of the blades than the first lateral sensor.

7. A system for drilling a borehole, the system comprising:
a drill string configured to rotate within a borehole;
a drill bit operatively coupled to the drill string, the drill bit comprising:
blades, each blade comprising cutters, and
a first depth of cut sensor coupled to one of the blades, the first depth of cut
sensor positioned to measure a distance between the first depth of cut

sensor and a downhole surface of the borehole; and

12
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a control system configured to receive the measurements from the first depth of cut

sensor and control a rotational speed of the drill bit and a force on the drill bit.

8. The system of claim 7, further comprising a second depth of cut sensor positioned to
measure a distance between the second depth of cut sensor and the downhole surface of the

borehole and transmit the distance measurement to the control system.

9. The system of claim 7, further comprising a first lateral sensor coupled to one of the
blades, the first lateral sensor positioned to measure a radial distance between the first lateral

sensor and a borehole wall and transmit the distance measurement to the control system.

10. The system of claim 9, further comprising a second lateral sensor positioned to
measure a radial distance between the second lateral sensor and the borehole wall and

transmit the distance measurement to the control system.

11. The system of claim 7, wherein the control system is further configured to calculate a

rate of penetration based on measurements from the first depth of cut sensor.

12.  The system of claim 11, further comprising a telemetry system in communication

with the surface control system.

13. The system of claim 7, wherein the control system comprises at least one of a surface

control system or a control system locatable downhole.

14. A method for drilling a borehole, the method comprising:

measuring a first distance between a depth of cut sensor coupled to a drill bit of a drill
string and the bottom of a borehole with the depth of cut sensor;

rotating the drill bit;

measuring a second distance between the depth of cut sensor and the bottom of the
borehole with the depth of cut sensor after at most one rotation of the drill bit;
and

determining an average depth of cut based on the first distance between the depth of
cut sensor and the bottom of the borehole and the second distance between the

depth of cut sensor and the bottom of the borehole.

13
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15. The method of claim 14, further comprising taking a measurement of the distance

between a lateral sensor coupled to the drill bit and a borehole wall with the lateral sensor.

16. The method of claim 15, further comprising determining a dimension of the borehole

based on the distance between the lateral sensor and the borehole wall.

17. The method of claim 14, further comprising determining a position of the drill bit

within the borehole based on the distance between the lateral sensor and a borehole wall.

18. The method of claim 13, further comprising calculating a rate of penetration of the
drill bit with a control system based on the average depth of cut and a rotational speed of the

drill bit.

19.  The method of claim 18, further comprising adjusting the rotational speed of the drill

bit via the control system based on the calculated rate of penetration.

20. The method of claim 18, further comprising adjusting a force on the drill bit via the

control system based on the calculated rate of penetration.
21. The method of claim 18, wherein the control system is located on the surface and the

method further comprises transmitting the measurements taken by the depth of cut sensor to

the control system with a telemetry system.
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