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CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Application No. 61/371550, filed on

August 6, 2010, which is incorporated herein by reference in its entirety.

BACKGROUND INFORMATION
Field of the Disclosure

[0001] This disclosure relates generally to drill bits that include sensors for providing
measurements and communication of measured and/or processed data to components in a
drilling assembly attached to the drill bit.
Brief Description Of The Related Art

[0002] Oil wells (wellbores) are usually drilled with a drill string that includes a tubular
member having a drilling assembly (also referred to as the bottomhole assembly or “BHA™)
with a drill bit attached to the bottom end thereof. The drill bit is rotated to disintegrate the
earth formations to drill the wellbore. The BHA includes devices and sensors for providing
information about a variety of parameters relating to the drilling operations, behavior of the
BHA and formation surrounding the wellbore being drilled (formation parameters). A variety
of sensors, such as pressure sensors, inclinometers, sensor gamma ray sensors, etc. are
embedded in the drill bit for providing information about various drilling and formation
parameters. The data from the bit sensors is often stored in memory devices in the drill bit,
which data is retrieved after tripping the drill bit out of the wellbore for further processing and
use. It is desirable to transmit the bit sensor data and/or processed data from a circuit in the drill
bit to the BHA and/or to the surface while drilling the wellbore, i.e., in real-time because the
drill bit does not generally have adequate space for housing electronic circuitry to process large
amounts of data. The BHA normally includes processors that can process copious amounts of
sensor data and therefore it is economical to process the drill bit data in the BHA. Also, the
drill bit is subjected to greater vibrations and thrust forces than certain parts of the BHA, where
it is more desirable to locate the processors.

[0003] The disclosure provides an apparatus and methods for real-time communication
of data and power between the drill bit and another device, such as a BHA, connected to the

drill bit.



[0002] G| wells (wellbores) are usually drilled with a drill string that
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enbodi nent includes a drill bit that has a cavity at an end thereof and a
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circuitry and provide a passage for direct data and power connection between the drill bit and
BHA;

FIG. 5 is a line diagram showing the communication link of FIG. 4 placed between a
drill bit and another tool, such as a BHA, connected to the drill bit, according to one
embodiment of the disclosure; and

FIG. 6 shows an auto-retractable device that may be utilized in the communication

device for connecting conductors between the drill bit and another device, such as the BHA.



FIG 2 is an isonetric view of an exenplary drill bit show ng pl acenent of
sensors in the drill bit and correspondi ng communi cation links to a neck of
the drillwbizn12/019182 FIG 3 is an isonetric |ine di agrampofi/us2ahamsdf t he
drill bit of FIG 2 show ng placenent of electronic circuit in a neck
portion of the shank for processing drill bit sensor signals; FIG 4
Is an isonetric view of a communication |link configured to house el ectronic
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herein. wellbores. FIG. 1 shows a wellbore 110 that includes an upper section 111 with a casing 112
installed therein and a lower section 114 that is being drilled with a drill string 118. The drill
string 118 includes a tubular member 116 that carries a drilling assembly 130 (also referred to
as the bottomhole assembly or “BHA”™) at its bottom end. The tubular member 116 may be
made by joining drill pipe sections or it may be a coiled-tubing. A drill bit 150 is attached to
the bottom end of the BHA 130 for disintegrating the rock formation to drill the wellbore 110
of a selected diameter in the formation 119. Not shown are devices such as thrusters,
stabilizers, centralizers, and devices such as steering units for steering the drilling assembly
130 in a desired direction. The terms wellbore and borehole are used herein as synonyms.

[0009] Drill string 118 is shown conveyed into the wellbore 110 from a rig 180 at the

surface 167. The exemplary rig 180 shown in FIG. 1 is a land rig for ease of explanation. The
apparatus and methods disclosed herein may also be utilized with rigs used for drilling offshore
wellbores. A rotary table 169 or a top drive (not shown) coupled to the drill string 118 at the
surface may be utilized to rotate the drill string 118 and thus the drilling assembly 130 and the
drill bit 150 to drill the wellbore 110. A drilling motor 155 (also referred to as “mud motor™)
may also be provided to rotate the drill bit. A control unit (or controller) 170 in the BHA 130
may be configured to receive and process data from the sensors 160 in the drill bit 150 and
sensors 175 in the drilling assembly 130 and to control selected operations of the various
devices and sensors in the drilling assembly 130. The controller 170 may include a processor
172, such as a microprocessor, a data storage device 174 and programs 176 for use by the
processor 170 to process the data from the sensors 160 and 175. Also, a controller 190, which
may be a computer-based system, may be placed at the surface 167 for receiving and
processing data transmitted by the sensors in the drill bit and sensors 175 in the drilling

assembly 130 and for controlling selected operations of the various devices and sensors in the
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[0008] FIG 1 is a schematic diagramof an exenplary drilling system 100
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[0012] FIG 3 shows a transparent perspective view of the shank 212b and
the pin section 212c of the drill bit 150 shown in FIG 2. The shank 212b
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[ 0018] The foregoing description is directed to particular enbodi nents for
the purpose of illustration and explanation. It will be apparent, however,
to persorwo=kiddiess2i n the art that many nodificati ons amdTalsacngesesvd t he
enbodi ments set forth above may be nmade without 7 departing fromthe scope
and spirit of the concepts and enbodi nents disclosed herein. It is intended
that the following clains be interpreted to enbrace all such nodifications

and changgsned ffenf\ Miige surface 454b onARBANALiHShef BiwigFofl tHe Fiddd FBQE Gaction

conpri st ré]l 2b ﬁ) S g]!"nllgle sg;fgc’e 444b of the middle recess section 414b. The bores 420 are of a size
suitable to run conductors, such as electrical conductors and optical fibers therethrough. The
location of the bores 420, in one configuration, is outside the diameters 422a and 424a so that
conductors can be run directly from below the lower recess section 412a to the bore 420 and
then from the bore 420 to a location above the lower recess 414a, as described in more detail in
reference to FIG. 5. In an embodiment, a bottom facet 435 of section 402 has an anti-rotational
feature that would keep the communication link 400 from rotating when the box end 562 of
tool 560 screwed onto pin section 502. An exemplary anti-rotational feature may be alternating
surface heights of the bottom facet 435 (such as that shown for the surface across diameter
424a) and/or non-rounded (e.g., elliptical, hex, rectangular) geometry of the bottom facet 435.
In the example, the spool section 402 with the anti-rotational feature is connected to the bit
first, the box end of the tool is then connected to the pin of the bit, and concurrently connected
or mated with the spool.

[0014] FIG. 5 shows an assembly 500, wherein a pin section 502 of a drill bit 510 is
coupled to a box end 562 of a tool 560, with one section 402 of a communication link 400
placed within the pin section 502 of the drill bit 510 and the other section 402b placed within
the box end 562 of the tool 560 to provide a direct communication link between the drill bit
510 and the tool 560. A communication link or device, including, but not limited to device 400,
placed between adjoining members configured to provide a direct communication link between
the adjoining members may be referred to as a “communication sub” or “sub.” The adjoining
members may be any suitable members, including, but not limited to, two tubular members,
such as drill pipe sections, a drill bit and a BHA, a BHA and a tubular, and two downhole tools.

[0015] In the configuration shown in FIG. 5, the pin section 502 is shown to include a
recess 512 having a lower or smaller recess 512a of diameter d1 and an upper or larger recess
512b of diameter d2. The box end 562 includes the same recess structure as the pin section 502.
As shown, the box end 562 includes a recess 572 having a lower or smaller recess 572a of
diameter d1 and an upper or larger recess 572b of diameter d2. To form the assembly 500, a
sealing member 514a is placed in the recess 412a and a sealing member 514c¢ is placed in the
recess 412¢ of the communication link 400. The lower section 402 of the communication link
400 is then placed inside the recess 512a so that the seal 514a seals the recess 412a against the
wall 516a of the recess 512a and the seal 514c seals the recess 412¢ against the inside wall
516b of the recess 512b. This ensures that the lower section 402 of the communication sub 400

is secured airtight in the pin connection.



a tool attached to the drill bit, wherein a cavity is forned between the
drill bit and the tool; and a communi cation device in the cavity,

t he conmmwiDcatamsdevi ce i ncl uding a conduit therethroug@ghTtusat110mesbs es

di rect conmmuni cation between the drill bit and the tool. 2. The
apparatus of claim1l1l, wherein the cavity conprises a first cavity in the
drill bit and second cavity in the tool. 3. The apparatus of claim 2,

wherein the c stgﬁ;ew&ﬂn%ew@ 5l pabMdRsiR the t&hmSME4doANinR1480 €4l depid he
first cavity in the drill bit and a second section placed in the second

cavity i ricqtiee Spdgionductors S224(cleiigalapifar Qiigy TB1erse p&d) geIUn WeBY B¢ ensers 8t er
di mensi on, gt FAGA0 $EGE ICQ\@%IUST:IQQII{ @1@;9%{ seEthﬁ&%aﬂQc&MB@Br gﬁ?@éﬁl ANnOlrilt B | ' rst

section and wherein the con orned in the second secti on.
The appaddf.us wonnesioaidab Biay Rheseditn corectdecomdudet 62biv 4 Greg AP glaresdn oo seal

t he fi rStaﬁ%ﬂX 'tﬁeymft'lﬁfe ré&ﬁs @%Qﬁ}%ec% Viid 402 of th c m@&tlﬁpﬂgﬁ %d"%oﬂzluc% Q& m 3,

ei n the comuni cation device furt I'ncl udes a t section placed in
the secoﬁa8¢®m1mycunntﬁﬁ)@eohl@nmgMMEHemn4ﬂhmwh¢p@nmsmemxmdmkééﬁemdMSect|on

?:’]ghi h:c r ?SI?CF gt;a(.)ir/ O%&Sfa(r)e‘ 40 aﬁlab(iie(? %g %Oﬁnflg&?)g lt%ﬁle Qfécl(::lgtﬁ :9261 mn tge RESY Is&:%on 4 PASRANRE ©
the BHA 130 as descnbed below. Once the conductors 522 have been run through the bore
420, the lower section 402 of the communication link 400 may be placed in cavity 512. The
conductors 528 are then connected to the circuit 540. The conductors 541 from the circuit are
then run through the bore or conduit 568 in the box section 562 to the BHA. Alternatively or in
addition to conductors 522 from the drill bit 510 may be run to the BHA 130 via the bore 420
and bore 568. Such configurations provide direct connection of the conductors 522, 528 and
541 from the drill bit 510 to the BHA. The conductors 522, 528 and 541, as the case may be,
can carry large amounts of data to a suitable circuit and processor in the BHA. Also,
conductors can be run from the BHA 130 to the circuits 530, 540 and sensors 520 to provide
power and to provide two-way communication with such elements. Direct communication
between the drill bit 510 and the BHA 130 eliminates the need for batteries in the drill bit and
the use of delicate electronic circuits, including microprocessors, because such elements can be
placed in the BHA sections where more space is available and which sections may be less
susceptible to vibrations compared to the drill bit. Once all the conductors have been run as
desired, the box end 562 of the tool 560 is then screwed onto the pin section 502, Seals 572a
and 572c respectively provide airtight connections between the box end 562 and the lower
recess 414a and the upper recess 414c.

[0017] FIG. 6 shows an exemplary auto-retrievable device 600 that may be used to
connect the conductors 541 from the communication link 400 to conductors that run to the
BHA 130. In one aspect, the auto-retrievable device 600 includes a connector 602 that is
connected to the conductors 541. A conductor 604, connected to a storage spool 606 that
includes a retraction device 608, is wound around the recess section 514b in a manner that
when the box end 562 is screwed on to the pin section 502, the conductor 604 will be retracted
into the spool 606. The conductors to and from the BHA 130 are connected to a connector 620.

[0018] The foregoing description is directed to particular embodiments for the purpose
of illustration and explanation. It will be apparent, however, to persons skilled in the art that

many modifications and changes to the embodiments set forth above may be made without
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7. The apparatus of claim 1 further conprising a conmunication |ink placed
t hrough the conduit between the drill bit and the tool. 8. The

appar at uswof2olmprse7 further conprising a sensor in thePdmriuskoibiosesphat

provi des signals relating to a paranmeter of interest when the drill bit is
used to drill a well bore. 9. The apparatus of claim3 further
conprising a circuit in the first section of the comuni cation device

confi gur @Epdr@nd O aRS s&ipdRad Spifif OMHNSn&BRSAU dntboliidRndrdiddostd herdRdrcwher ei n
the communication link is coupled to the circuit in the first section and a
circuit iperdsd BycHadod@ring ghpims be intergetedHe eapyiee atllisuf medifiranions apgher ei n
the first,gauity is in a pin section of the drill bit and the second
section is i'n a box section of the tool. 11. The apparatus of claim?7
further conprising a retrievabl e device connected to the conductor passing
t hrough the conduit, wherein the retrievable device is configured to

enabling the tool to be rotatable attached to the drill bit. WO

2012/ 019182PCT/ US2011/ 046895 12. A method of performng a wellbore
operation, conprising: coupling a drill bit having a first cavity at
an upper section of the drill bit to a tool having a second cavity at a

| ower end of the tool to forma comon cavity between the drill bit and the
tool ; and



pl aci ng a communi cation device in the common cavity, the comunication
device including a conduit that enables running of conductor between the
drill bitweandizitheistool to provide direct comruni cation PEeTWESeO110MSIRri | |

bit and the tool. 13. The apparatus of claim 12, wherein the

conmmruni cation device includes a first section placed in the first cavity in
the drill bit and a second section placed in the first cavity in the dril
bit and theysgecond cavity in the tool. 14. The method of claim 13,
wherein an outer dinension of second section is greater than an outer

di mensi on of the fARapPagsestiphe dhtivlRrecAmpeonduit is formed in the
second section, gy pi: 15 The method of claim 14 further conprising
providing a pressure seal between the first cavity in the drill bit and the
communi cat i on déedl @sacheditoghqirdblaip méierpend caydy wefermadietveres diedirdlabit ayd they t he
tool andle, gommunication device. 16The nmethod of claim 14, wherein the
comuni cat1on device further includes a third section placed in the second
cavity in the toommeundanbedeie it e davitys thesmonuwratigedynd isdgtingncardt t hi rd
section form a doubl e opl confiqured t [ OVi t.he pressure seals

et ween (Ra pRPEPHDB Siog DL Fon iR KR SRuCGSEE " Detveen the
conmmuni cat i on2devi Ttie @paratubef tleial 1, wherein the Zavitth@npebdsadiref cagitinthd 2rill ur t her
conprisi@g‘rgnniqg a.coqﬂupifation | ink through the conduit between the
drill bi ARG STERETESEY Metool "985~ The method of claim 17 further conprising
provi di ng a sensor Thehagpaudrdfldaifi X, vHeadin fHeOaonthamiGtign akecer @tlatdsng fitsd a

par anet er of iﬂkg{est en the rilh bit is used to riéhﬂﬁémell ore.

section p in the first cavity in the drill bit and a second section placed 1 second cavity
in the tool.
4. The apparatus of claim 3, wherein an outer dimension of second section is

greater than an outer dimension of the first section and wherein the conduit is formed in the
second section.

5. The apparatus of claim 3, wherein the second section is configured to seal the
first cavity and the second cavity.

6. The apparatus of claim 3, wherein the communication device further includes a
third section placed in the second cavity in the tool and wherein the first section, second section
and third section form a double spool configured to provide a pressure tight first cavity and a
pressure tight second cavity.

7. The apparatus of claim 1 further comprising a communication link placed
through the conduit between the drill bit and the tool.

8. The apparatus of claim 7 further comprising a sensor in the drill bit that provides
signals relating to a parameter of interest when the drill bit is used to drill a wellbore.

9. The apparatus of claim 3 further comprising a circuit in the first section of the
communication device configured to process signals from the sensor in the drill bit and wherein
the communication link is coupled to the circuit in the first section and a circuit in the second
section.

10. The apparatus of claim 1, wherein the first cavity is in a pin section of the drill
bit and the second section is in a box section of the tool.

11. The apparatus of claim 7 further comprising a retrievable device connected to
the conductor passing through the conduit, wherein the retrievable device is configured to

enabling the tool to be rotatable attached to the drill bit.
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19. The nmethod of claim 18 further conprising providing a circuit in the
first section configured to process signals fromthe sensor in the dril
bit and cwopbizgotshe conmuni cation link to the circuit iPaTIUSROfLioRESPS secti on

and a circuit in the tool. 20. The nethod of claim 12, wherein the
first cavity is in a pin section of the drill bit and the second section is
in a box section of the tool. 21. The nmethod of claim 12 further

conpri sing comnect A RgkiRddeyéeini 4 NAIbeRPUELOH, c&ﬁﬁﬁshxr% t hrough the conduit
configured to enable the tool to connect to the drill %krotatjng t he t ool
onto the dril| cpynling a drill bit having a first cavity at an upper section of the drill bit to"a tool

having a second cavity at a lower end of the tool to form a common cavity between the drill bit

and the tool; and

placing a communication device in the common cavity, the communication device

including a conduit that enables running of conductor between the drill bit and the tool to

provide direct communication between the drill bit and the tool.

13. The apparatus of claim 12, wherein the communication device includes a first
section placed in the first cavity in the drill bit and a second section placed in the first cavity in
the drill bit and the second cavity in the tool.

14, The method of claim 13, wherein an outer dimension of second section is
greater than an outer dimension of the first section and wherein the conduit is formed in the
second section.

15. The method of claim 14 further comprising providing a pressure seal between
the first cavity in the drill bit and the communication device and a pressure seal between the
second cavity in the tool and the communication device.

16 The method of claim 14, wherein the communication device further includes a
third section placed in the second cavity in the tool and wherein the first section, second section
and third section form a double spool configured to provide the pressure seals between the first
cavity and the drill bit and pressure seal between the communication device and the tool.

17. The method of claim 12 further comprising running a communication link
through the conduit between the drill bit and the tool.

18. The method of claim 17 further comprising providing a sensor in the drill bit
that provides signals relating to a parameter of interest when the drill bit is used to drill a
wellbore.

19. The method of claim 18 further comprising providing a circuit in the first
section configured to process signals from the sensor in the drill bit and coupling the
communication link to the circuit in the first section and a circuit in the tool.

20). The method of claim 12, wherein the first cavity is in a pin section of the drill
bit and the second section is in a box section of the tool.

21. The method of claim 12 further comprising connecting a device to the conductor
passing through the conduit configured to enable the tool to connect to the drill by rotating the

tool onto the drill bit.
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