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CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Application No. 61/371563, 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.
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FIG. 3 is an isometric line diagram of a shank of the drill bit of FIG. 2 showing
placement of electronic circuit in a neck portion of the shank for processing drill bit sensor
signals;
FIG. 4 is an isometric view of a communication link configured to house electronic
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.



[ 0006] For detail ed understandi ng of the present disclosure, references
shoul d be nade to the followi ng detail ed description, taken in conjunction
wi th t he wocomamgsng drawi ngs in which |ike el enents hace/usenanadsby been
designated with Iike nunerals and wherein: FIG 1 is a schematic
diagramof a drilling systemthat includes a BHA with a drill bit attached
thereto and a communi cati on apparatus between the drill bit and the BHA;
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sensors in the drill bit and correspondi ng communi cation links to a neck of
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portion P the s i for processing drill bit sensor signals; FIG 4
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comuni catifga. | ink of FIG 4 placed between a drill bit and another tool,
such as a BHA, connected to the drill bit, according to one enbodi nent of

t he di scl osure; and FIG 6 shows an auto-retractabl e device that may
be utili ZEARIPTION OB MHHDISATIONURIevVi ce for connecting conductors between

the drill bit [0%89] ?heolgrgseeglt ccl]isc\:i(l)s%?e e alfle%hto real- tll;ln% c%lr_llle‘numcatlon in a drill pipe. One
embodiment of the drill pipe includes a number of serially connected tubulars with a
communication device placed between the connecting ends of the tubulars, wherein the
communication device provides a direct data communication link between the adjoining
tubulars.

[0008] FIG. 1 is a schematic diagram of an exemplary drilling system 100 that may
utilize drill bits and data communication devices disclosed herein for use in drilling
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
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FIG 7 is a line diagram show ng the comunication link of FIG 4 placed
between adjoining drill pipe sections to provide real tinme data and power
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may be utilized to rotate string 118 and t I ng
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ot or 15Q3§)a'{‘l§eobd’xeén%rlglglﬁdetsomt% {Hx’&d@&{a?r orh 155!.%{1]}311@ ﬁm? BE&%& %Slg £°t ate

the drill ntrol unit contro
conf i gur ednreotione Mmmg thabdx pmcbwels Ehe ghaxt emdfp:r@/mdes Iaélxs@ nsoegioh GBEwiepn thih é3Hi°r i I I

bit 150 an&itﬁe ?705 nthe drilli. ng assen ¥t130 and to..co

uch a connect10 con veé tO providi 1ree['l a@ for
sel ect ed opera |ons Var T8t O8 ey i"OE SOERG VS SR LEP LIS & HECH PP |
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the drill bit 150 and the data bus in the BHA 130 are either not provided or in some cases,
electrical coupling rings are used at the box end and at a neck portion of the pin connection,
which coupling rings come in contact with each other when the box end mates with the pin end,
thereby providing an electrical path between the drill bit 150 and the BHA 130. In the
configuration shown in FIG. 1, a direct data and power connection between the drill bit 150 and
the BHA 130 is provided via a communication link 154. In another aspect, the communication
link 154 may be placed at each connection between drill pipe sections that make the drilling
tubular 116 to provide real-time communication throughout the drilling tubular 116 and thus
between the drill bit and the surface equipment, such controller 190. The direct real time data
communication between the drill bit and the BHA is described in reference to FIGS. 4-6.and

along the drilling tubular in reference to FIGS. 4-8.
[0011] FIG. 2 shows a perspective view of an exemplary drill bit 150. The drill bit 150

shown is a PDC (polycrystalline diamond compact) drill bit for the purposes of explaining the
4
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[0013] FIG 4 is a perspective view of an exenplary comuni cati on device or
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420 and tchemed oomberhendo@rleof4P ®ot H6(G Withcertei soeticabieoftsheonipwpatipe diak $0¢1 144,

as descri more det.ail sdn,ef 5
ahovs an PESebnEREGE ELAL ol AIER o o Weinedpectonysod T By
coupl ed tbox ancb66(2 efndic 5672 56)@ toaprbudd: aElﬁr@qt comirfunga@onslgdt heoneed02e il bit 510
communi cat i gn in 400 n the ect .2 t he .dr bi t
510 and tﬁé?h erg%se%tl on %%m]il ac‘?féﬁf i epmctursctl ol>1<t fé)n?f“%té% 1 pe‘tlheh OIOol 560
to prOV|dEwaidHW&mmdpmﬁmymemaﬁsemﬂ@unuub@bmﬁeldnh&cdmmhmchkmtﬁ&mmahﬁhthe
tool 560., A onnunl tion link_ or deviceg, incl limted to
devi ce 40%, d?ﬂ%‘&%&‘ el Bedictimse ﬁ‘ba%n‘h)munéc&ﬂ‘tft 8'l§’r €4 t“(‘j’ pT‘B’\ﬁdb"émag di rect
conmuni Cafidngrsl mﬁgkbé)eltw\eetablte hﬁnﬂﬁts@[ﬂ&lddglg@m $infiBY thawb efiteildreknitRras a
"communi cation sub" or "sub." The adj |n| menbers may, be any suitable

nmenbers, SF‘f]i’calstﬁlHtlrl?é’e spEtorh gtdrflivitiapd g ERf B ROl OWR IR 098 dr i | |

pi pe sectionsjppasinithd chfiguanéh soRAn F?G %eaiﬂﬁi séttibhl BYE Alshowi €h fvRdgdpwnhol e
tool s. [0015] In the configuration shown in FIG 5, the pin section

502 is sHekh 13 hakiae gdevy o spaldd reppss Hagichgiageehik pndogn Wingy Prdprepioieess 512a
of di ametsesy, MM qiANGc @D, HRPRSx Rl sbAMIRlesRESHR r@cle@&tﬁ&uﬁ:‘ RURLSEE séé@on Jd}e box
end 562 includes the sane recess structure as the pin section :

shown, tHe hownethe bss2nd A6} ingbislena reewssy/ 29Ryingp/longr ar Hawisr rf@pSszﬁﬁa IOér
recess 5 I r S amet er
d2. To fé%%%%%e éggghgpggcm%ﬂgﬂqsga ?ﬁ%(ﬁg.nﬁkﬂQ@ 28?§ﬁ1 géégmB%fgpeyfecess
412a and seaheeartqnﬂ)gr perabeplagetldio thesrepdsad & and atshehngeneslserdlﬁzcls ofacehm the
conmmuni ¢ i 0 c e i nk 400
s then Srsee 2 Aol AR BB ABTHERMEE Rl MR RETIIh R Bt

recess 41paisagai pistedtifsddevibd tec&i 682a0fo thdheher eale¥da SchRahardess Hé2saainsGihéd c

seal s the re 12¢c a St 516b t he gcess 51 Thi s
RS IE ¥ T s S RS TP R R S TR I M DL e o oA
alrtlght5ﬂﬁ)Mhﬁeﬁkﬁm@@ﬂﬂéﬁﬁ%ﬁﬁmwhhmamebﬁ@ﬂﬂuﬂﬁmﬂﬁcﬁdb@bmﬁmhk&ﬁmmuﬂaﬂ)Of
section 402 has an anti-rotational feature that would keep the

comuni cation link 400 fromrotating vhen the box end 562 of tool 560
screwed onto pin section 502. An exenplary anti-rotational feature may be
alternating surface heights of the bottom facet 435, and/or non-rounded
(e.qg., elliptical, hex, rectangular) geonetry of the bottomfacet 435. In

t he exanpl e, the spool section 402 wth the anti-rotational feature is
connected to the b|t flrst the box end of t he tooI i's then connected to

Y b1 o, N 1 T 1



[0017] FIG 6 shows an exenplary auto-retrievable device 600 that may be
used to connect the conductors 541 fromthe conmunication |ink 400 to
conduct orwot2zbeto19188 to the BHA 130. In one aspect, the aarTaseatni@vabl e
devi ce 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 414b in a manner
that when §e@§re@@ffn§ﬁ'% 86 2id SnAcdiehad afRnfb8ditds:, RibDicif fdcbB 530 Zeciibh @02
conductor 604 will be retracted into the spool 606. The conductors to and
from t he g0 alaeméaﬂenaé dentiee thag wepld keeroha emprniggipn link 400 fipgy Bfatipg ghey j s a
i ne di GEAR RN BolSBTIUBL A Ofin kiAn Sl FAfexcthpRlr AR RELNE GO LD
adjoining drill pipe sections to provide real tinme data and power

comuni catdydw ajemuewsugusthefshpeot ;ﬂ@chqttomscaceFFrﬁ aﬂd/@hmowdﬁd (%g glipealsect i on

710 that d
710 i nol {a6e= SR AoAERDIE SRR Qluckl AufDSs Tt habink, HERELy SR0gn JGZMRA T &0
condui t TmﬁHMHDmhemlﬁmumheCpmmewéetmﬁbnfﬂﬁﬂhebogambﬁdhppwesQeutommdﬁﬂo

i ncl udes amgox Qﬁh (g4205Q%1 E&ﬁkce mnnﬁ?ﬁ Rﬁ a caYlty 744 t hat
conpl ement $ PHe’ caV| CROGFEY SANEER] PHIA BT Re§ES age 750 in the cavity

provi des accegE)prStal mﬁendng to HI@B 5; befoleelquingehs eahinomcalda. hnkmOEIuGthe7pmt he
box end 742 of ?(P sectggy 740. i s .shown q9 ecte? to t Lo sect%%@

of the pi*pE°8altiGRIFLE: @%S’Fﬁ‘i’ﬁﬂu‘%‘éﬁsa ‘BPHFC 296 £§ 18P 8 ?FFHP‘P{é vi t| es
7#4 and Tdheasilldasaoided cirl]\ntyrsateﬂ @B/ dedidnl V@ a bondtioveselty SPehanedeiopinect i Eg
t he pipe ction 740 t I pe section 710, conductors 7 running in the
condui t ?i@ ér@n‘&%@ﬁl5é§“?&%§“ie8ﬁﬁé@tnﬁ?tt RIS Shrd (0ck %PE“?SQPIP?W

connect Ofaro(id t fidiNededd PG tiREseb@Ee40823 thdlcdnhBurGQEBH NhIE ad. Q]amhmcﬂhs 400.

Al so, conductors 724 are connected to a connector 752 in the cavity 744 of
t he box 98 {ioBnthy sucuitrhy) 4o HELGIWER thedwrs dethindle eerPubyRtondinkdhase thay46 in

the pipe @&ﬁkb%z@%b AhfaskOfP86Hnedich o B RiCRRRES ;n%e ?eéé’ss kQ6RIRehE/of he
di rect connection between the conductors 718 in pi pe section 710 and

conduct orte BUB 139 astiesqsibgé belewt Daee thaaondugdirg ﬁ%havemegen@e@f%mhwe be
j oi ned i npp "ge TRARELLRAb2 BE gl% SfalunRASon thk @amdmz A0e Blra@e 'E%ﬁl ﬁé e make
the drill string as describ in reference to FlG In sone
appl i cat icomdictors S2%eaye hen delmectad) Iethe girpliaTd. %msmdgctm@(ﬂhﬁ@mcthﬁ cmcruutraye 762
for proc i r eiy bot h
pi pe secﬁ%%ﬁgg?%géﬁ%%ﬁg%%&hﬁﬁ suc 1%%%2%??%20@?&%§ﬁ%: Eén1£ 2&?§ §g?£ 760
and/ or th@hamtwuwhmymﬂ622hﬁymbm:mﬂhhsﬁﬂlmeﬂb¢nmﬂhdw§ﬂﬂhd6@vmﬁh&%ﬁw42@
conductors F S drill
ctring. 00 Pk MRe S daarsmidat i sy Sahgida oL IR RAL SIS T2 4P 510a,
810bh, 816@1ﬁnn&h@ﬂnﬂBﬁ5ﬂ0mnﬂEhHLdrnhkmﬁmmumgsﬁnezshmmsiuas&mpa@en@ﬁmi|on
810a is connected to the B The next pipe section 810b t nnect ed
Lo the piHb Rt ditsh BHORwe TE 1S % SN SRAT o) PR Ta < A D0,

pl aced betwRenrd h@ teirtn 6o B2BaAO13(PbRRe siewit 880, 340an@Rasérh g2Maxprevide 830b
of the pipe section 810b in the manner described in reference to FIG 7. As

the dril IPPHE Bl BOYES, WaaHt FOOHRIM PR "Bl rimeaiic PUESt HITHRINEEPT ons

810c . b&%QalakaﬂQﬂﬂﬂﬁhﬁddhﬂﬂﬁRQ3ﬂaﬂmﬁth&&QE&bﬁQbmﬁﬁﬁéHlthﬁnﬁﬁQh&, at
al | tlne there is a direct connection between the serially connected pipe

secti ons W ute ObAIGRE slesrgmpercugs o ludgropicroggecessors, becpyse Seh elgmenissAR §oi ng

deSCf'pt'Qﬁalﬁl@kﬁﬁ%&%@xkﬁsQ%&%Hﬁ&k%Fm%ﬁ?%@&ﬁﬁﬁ%&dﬂﬂﬁd{R%u&%HBQ§EeQ£s
illustration and expl anation §§ arent, however, to ‘persons
Y

skil | ed iswscemiibleator vibiaaensegmpaied de thecditli Bh ﬁdlldhfaﬁ@élsct@@ hafe besrsriafrent
set forth.ahQvae Wﬂg%séﬁaﬁﬁhwgfo ﬁ st al-LelRg oL{oQHé fél'ﬁeseétfbﬂ aélﬂm%% ' t of

the concepts and enbodi nent's her ei n. |nten e t hat
f ol | owi ngn¢ I5a2areesprstivaly erqyrdst aexﬂlghtocwlameb@wvbersdn@rbommirlf%@amdmlmd

changes. 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
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CLAI M5 1. Adrill string, conprising: a first nenber having a first
end and a second end; a second nenber having a first end and a second
end, the woecorxhigmaber connected to the first nenber foPoirng2eiiesas passage
between the first end of the first tubular and the second end of the second
tubul ar; and a comuni cation device in the passage between the first
menber and the second nenber, the conmunication device including a conduit

conf i gur egndetredlh M BRRSASR 9. A& GRAGUS &4, chﬁ)r[Etheh'Qo al isrhod W4l 806 Tt
provi de direct signal comunication between the first nen%er and the second

menber . includes 2 refrsdodpyice 698 iingowtd epwidihe reaktercstion ¢H inia mannsAchadf t he
first menhen gk 3%9&%62% s&ﬂégzéd ¥ tBé’ ts@é‘[’mﬁ%@@'! ERBuQdr éoﬂ%ﬁ 8¢ Qid prnber

i ncl udes a second cavit e CO nication device IS p aced in the
first cavitpyhegnpebltohe Téle@@tr@ct@wptalyd from the BIBA 130 arc@piuerted tad ¢pgnestordl@i m 2,

wherei n the CWF@H RN, g ¥'a§§gsrérﬂcs'h&% cémfnﬁglcaﬁ%ﬁt 1 of P h? rPfldbE&"t

cavity, a sec section In the Second a third sec et ween
t he firsﬂmsﬁtmﬂmﬁwammngheHgemondmmeaxmomdmm$muam(buUmdpdmenmmmmngmemter

than an oquter dinmensia §e first se econd section and
wnor o PHEEb RIS SRtV Gg e BRFPOP B0 o0 BB ah RN PR
secti on aideddva?2 seicouppersendt Tiapin end 710 includes a cavity 714 and a passage 720 from the

cavity 714 to a conduit 716 drilled in the pipe section 710. A second pipe section 740 includes
a box section 742 that further includes a cavity 744 that complements the cavity 714 of pipe
section 710. A passage 750 in the cavity provides access to a conduit 746 in the pipe section
740. In FIG. 7, the box end 742 of pipe section 740 is shown connected to the pin section 712
of the pipe section 710. A communication link 400 is placed in the cavities 714 and 744 as
described in reference to FIG. 5. However, before connecting the pipe section 740 to the pipe
section 710, conductors 718 running in the conduit 716 are coupled to a connector 728 and
conductors 724 from the connector 728 are run through the bore 420 in the communication link
400. Also, conductors 724 are connected to a connector 752 in the cavity 744 of the box section
742. The conductors 748 running through the conduit 746 in the pipe section 740 are connected
to the connector 752 to complete the direct connection between the conductors 718 in the pipe
section 710 and conductors 748 in the pipe section 740. Additional pipe sections may be joined
in the manner that pipe sections 710 and 740 are connected to make the drill string as described
in reference to FIG. 8. Additionally, in some applications, it may be desirable to place sensors
760 and circuitry 762 for processing measurement signals from such sensors in either one or
both pipe sections 710 and 740. In such cases the signals from the sensors 760 and/or the
circuitry 762 may be transmitted to the surface or BHA via conductors 718 and 748.

[0019] FIG. 8 is a line diagram of a drill string 800 that includes serially connected pipe
sections or tubulars 810a, 810b, 810c... 810n. To form the drill string 800, the first pipe section
810a is connected to the BHA. The next pipe section 810b is then connected to the pipe section
810a with the communication link, such as link 400, placed between the pin end 8§20a of pipe
section 810a and the box end 830b of the pipe section 810b in the manner described in
reference to FIG. 7. As the drilling progresses, additional pipe sections, such as pipe sections
810c ... 810n are connected in the manner described herein. Therefore, at all time, there is a
direct connection between the serially connected pipe sections via conductors 850a, 850b,

850c, etc.



4. The drill string of claim3 further conprising a conductor passing

t hrough the conduit, a first connector connected to the conductor in the
first cawoOpomndIm3dsecond connector connected to the comdwatsesitiomssvére
second cavity. 5. The drill string of claim21 further conprising a
first conductor in the first menber and coupled to the first connector and
a second conductor in the second nenber and coupled to the second connector
so as to pr ovm@o}ime%;egsﬁg@mh @&i @'Ehr@&éd’\é%%rtfcbﬁr Ehb&timERIRR ihegRehdsbe
second menber. ri string of claim5, wherein the first
conduct orf illsprtinaead |eﬁp1®fﬁ’§0’é)f It V(lil)belaﬁﬁfif@!é lww&aﬁn tppergone skifledsin the Atbérat and
(ii) in : h Jgsal<ty r | aced
I R e R U A AL s
t he seconldparerdpm the scope Znd Fpiat df ihie|cogtepisragd einbotliaiems Idiscldsed bérpint Has f i r st
nmenber a o 0 o] t

connect | el REBPILIRINETIARE EOANSRLES F3aRRRO; ' BPBACERn, ang o 11y
wher ei n tchegeommuni cati on device conprises a double spool, with a first
spool placed in the first end of the first nenber and a second spool placed
in the second end of the second device. WD 2012/019183PCT/ US2011/ 046896



9. The drill string of claim1 wherein the comunication device provides a
pressure-tight first cavity in the first end of the first nenber and a
second prweur@ipisght cavity in the second end of the secon$20miviespe

10. The drill string of claim4 further conprising a retrievabl e device
connected to the conductor passing through the conduit, wherein the
retrievable device is configured to enable one of the first nenber and the
second ngnhaist 0 be screwed on to the other nenber. 11. The dril
string of claim1 further including a plurality of nmenbers connected in
series with the fipgfillaings@apnsgingenbers, each connection between such

plurality of g@ﬁ@ﬁkﬁm&%ﬁk&ﬁg;%&%h@%&ﬂﬁmanﬁ%ﬁﬁuniCation devi ce, such

conmmuni cati on devices providing a communi cation link froma surface
| ocation to theccgnd neinher lasimgatdlst. end and 4 ecopl andt tho decofid premberdiongpcted to

conmuni caf | .drid [ 1.5t Ng. . € ' fir end of
2T et AR bR REEM 4 R0 b KR A en B E Tl e b 21, P
connect i eecondehdiddithgseaoplasmdgeandher et hr ough; pl aci ng a comuni cati on

device in the conpechiom &DS. GRTMALEAL O, devheqrinelidingadneondpit
configured to al'l’'ow passage of a conductor eret hrough; an passi ng a

conduct ormenftegugh comenuaiomtiui device ipclodinge eondiit echfigonrimonaldat ipasadel oika

SRR WIS G T N

cavity, tuhenteeaense @ochdhehtee. second nenber includes a second cavity and

the Cy e en ARV dfiPuding B 35501 Wherei i Hrstend 3 teird Toemmiies intfudor s
first cavity, the second end of the second member includes a second cavity and the
communication device is placed in the first cavity and the second cavity.

3, The drill string of claim 2, wherein the communication device includes a first
section in the first cavity, a second section in the second cavity and a third section between the
first section and the second section with an outer dimension greater than an outer dimension of
the first section and the second section and wherein the conduit runs through the third section
outside the first section and the second section.

4. The drill string of claim 3 further comprising a conductor passing through the
conduit, a first connector connected to the conductor in the first cavity and a second connector
connected to the conductor in the second cavity.

5. The drill string of claim 1 further comprising a first conductor in the first
member and coupled to the first connector and a second conductor in the second member and
coupled to the second connector so as to provide direct communication between the first
member and the second member.

6. The drill string of claim 5, wherein the first conductor is placed in one of: (i)
inside a wall of the first member and (ii) in a bore through the first member and the second
conductor is placed in one of: (i) inside a wall of the second member; and (ii) a bore through
the second member.

7. The drill string of claim 1, wherein the first member and the second member are
connected as one of: a threaded connection; and a stabbed connection.

8. The drill string of claim 1, wherein the communication device comprises a
double spool, with a first spool placed in the first end of the first member and a second spool

placed in the second end of the second device.
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14. The method of claim 13, wherein the comrunication device includes a
first section in the first cavity, a second section in the second cavity
and a thiwoeeatupsa between the first section and the secons$26ieotison W t h
an outer dinmension greater than an outer dinension of the first section and
t he second section and wherein the conduit runs through the third section
outside the first section and the second section. 15. The net hod of

claim 14 furtber coqpulifidieheCONRRGH NGvhreld iRt c&RNNEEBR deQict NoG@RdHCt OF
inthe first cavity and a second connector connected to the conductor in

t he secomeesgusfight first cavity ipghe fitnigendet Msdirgfmember aadisecond HesUiE gt jagitng

coupl i ng i Qe EdohS En LAMESE N h@ntRr conduct or running in the first menber and
t he second connector to a conductor running in the second nmenber to provide

end-t o-end comfruni Bt drdhstheg olednm h &rther gtmprsingerregigrrbchéevars sonetcivdiber .

17. The i i . i 6 rejin. i ctor S | ne of:
(5 e Qb LdnaBip BESRE (Bl LonlIE" e IR, Feldckhonf Q0AHE | Olonlifurefd (90F 1
menber ardatihencsd derfdstaomahec diskthe scprdaneadbdr to prreresfed ofi itg the ndhedeerabaral | of
the second nenber;..and.. (i or ough the second .nenher. .18. The
GrE T oo aERer iy & RS AR D SERRR T TR Ecommssditte:
ar e conneeat@dvidsthefiest afid seaondimeadied eadncaaddion bandemsush ahixday chma@bdrs on

19. The thod. of claim 12, where muni cati on devij ce con&rises a

doul o sQUBIT W EA%" ¢ ARG ot T CHEFHEEO A (RO of
menber ardmausee@ndinkpeal a plracelcdtion thee gatapdssemdlyof the second devi ce.

12. A method of providing communication through a drill string, comprising:

connecting a first end of a first member to a second end of a second member to form a
connection, the connection including a passage therethrough;

placing a communication device in the connection, the communication device including
a conduit configured to allow passage of a conductor therethrough; and

passing a conductor through the conduit to provide a direct communication link
between the first member and the second member.

13. The method of claim 12, wherein the first end of the first member includes a
first cavity, the second end of the second member includes a second cavity and the
communication device is placed in the first cavity and the second cavity.

14, The method of claim 13, wherein the communication device includes a first
section in the first cavity, a second section in the second cavity and a third section between the
first section and the second section with an outer dimension greater than an outer dimension of
the first section and the second section and wherein the conduit runs through the third section
outside the first section and the second section.

15. The method of claim 14 further comprising connecting a first connector to the
conductor in the first cavity and a second connector connected to the conductor in the second
cavity.

16. The method of claim 15 further comprising coupling the first connector to a
conductor running in the first member and the second connector to a conductor running in the
second member to provide end-to-end communication between the first member and the second
member.

17. The drill string of claim 16, wherein the first conductor is in one of; (i) inside a

wall of the first member and (ii) in a bore through the first member and the second conductor is

11



20. The nethod of claim 12 wherein the comruni cati on device provides a
pressure tight first cavity in the first end of the first nenber and a
second prweur@ipisght cavity in the second end of the secon$20miviespe

21. The nmethod of claim 15 further conprising connecting a device to the
conductor passing through the conduit configured to enable the second
menber to the first nmenber by rotation.

placed in one of: (i) inside a wall of the second member; and (ii) a bore through the second
member.

18. The drill string of claim 12, wherein the first member and the second member
are connected as one of: a threaded connection and a stabbed connection.

19. The method of claim 12, wherein the communication device comprises a double
spool, with a first spool placed in the first end of the first member and a second spool placed in
the second end of the second device.

20). The method of claim 12 wherein the communication device provides a pressure
tight first cavity in the first end of the first member and a second pressure tight cavity in the
second end of the second member.

21. The method of claim 15 further comprising connecting a device to the conductor
passing through the conduit configured to enable the second member to the first member by

rotation.

12



