SURFACE COMMUNI CATI ON APPARATUS AND METHOD FOR USE W TH DRI LL STRI NG
TELEMETRY FI ELD OF THE I NVENTI ON This invention relates to the fields of
drilling wodogvogasei ng hydrocarbon wells, and to the neasunise@eoBo4downhol e
formati on characteristics, and to drill string telenetry for bidirectional
communi cation of neasurenent and controll infornation between dowhhol e and
surface equi pnent, and to a surface comruni cation system for bidirectional
comuni cation between drill string telenetry and a surface processor.
BACKGROUND OF THE | NVENTI ON The advent of neasurenent while drilling (MAD)
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These processes require comruni cation, in both directions,
surface and the downhol e neasuring and drilling equipnent.
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characteristics, and to drill string telemetry for bidirectional communication

of measurement and control information between dowhhole and surface

equipment, and to a surface communication system for bidirectional

communication between drill string telemetry and a surface processor.

BACKGROUND OF THE INVENTION

The advent of measurement while drilling (MWD) and logging while

drilling (LWD), as well as development of surface control of special drilling

processes, such as directional drilling, have been important advances in

the art of drilling and producing hydrocarbon wells. These processes

require communication, in both directions, between the surface and the

downhole measuring and drilling equipment. At present, mud pulse

telemetry is the only technique in widespread commercial use for

communication while drilling, between downhole equipment and the

surface. [Unless otherwise indicated, references, throughout, to “ while

drilling,” or the like, are intended to mean that the drill string is in the

borehole or partially in the borehole as part of an overall drilling operation

including drilling, pausing, and or tripping, and not necessarily that a drill bit

is rotating.] In mud pulse telemetry, data is transmitted as pressure pulses



Is rotating.] In nmud pulse telenetry, data is transmtted as pressure

pul sesin the drilling fluid. However, nud pulse telenetry has well known
i mtati owe,200mmabasdi ng rel ati vely sl ow communi cati on, | ®eTdst@ecnaises, and
marginal reliability. Current mud pul se technology is capable of sending
MADY LWD data at only about 12 bits per gecond. In many cases, this rate is
insufficient to send all the data that is gathered by an LWD tool string,
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from uphol e {o.downhol e, by regulating nmud punp.flow, jn order to control
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and has a very low information rate. Al so, under certain circunstances, for
exanpl e undefigaginatediabiity. | CHgeahmugyruise trobaslogy is eanddledfisending f 1 ui d,
current nud pul se telenetry cannot function. There have been vari ous
attenpts oveMWDA \WEadatatat cidyw aboyt 2 biés pat semdt dnmanyoases, tieseatt ry t hat
are faster, have higher data rates, and do not require the presence of a

particul ar tnas@ficiéht td &ved il idldataahaexajiheredasoas WD teblaiiEhg Yorhas been
proposed, which transmts acoustic waves through the drill string. Data

rates are estd IR onnBoPRBHatRh ABssitld ERISHhEIIG ahes phitan mud pul se

telenetry, but s noise I's a probFem Acoustic telenetry

has not yet pe copnerci.al |y avail abl e not her e | .15 .

el ect romagne{)ch)%ggﬂggrﬁgwqtW%dﬁelﬁﬂee)@%qqe?ﬁAreﬁQF}qrgﬁﬁggq%égri'agm@onsi dered
to have limted ra&ge, depends on characteristics, especially resi ?t Ivity,
of the format"PBHYPRAle {@ dRwinhgle; by regulating mud pump flow, in order to contro

processes such as directional drilling and tool functions, is also slow, and
has a very low information rate. Also, under certain circumstances, for
example underbalanced drilling employing gases or foamed drilling fluid,
current mud puise telemetry cannot function.

There have been various attempts over the years to develop
alternatives to mud pulse telemetry that are faster, have higher data rates,
and do not require the presence of a particular type of drilling fluid. For
example, acoustic telemetry has been proposed, which transmits acoustic
waves through the drill string. Data rates are estimated to be about an
order of magnitude higher than mud pulse telemetry, but still limiting, and
noise is a problem. Acoustic telemetry has not yet become commercially
available. Another example is electromagnetic telemetry through the earth.
This technique is considered to have limited range, depends on
characteristics, especially resistivity, of the formations surrounding the
borehole, and also has limited data rates.

The placement of wires in drill pipes for carrying signals has long

been proposed. Some early approaches to a wired drill string are disclosed



borehole, and also has limted data rates. The placenent of wires in dril

pi pes for carrying signals has | ong been proposed. Sone early approaches to
a W red dwol2bomtipiong are di sclosedin: U S. Patent No. 4pt2a553608/030405.

Patent No. 3,957,1 18 and U. S. Patent No. 3,807,502, and the publication
"Four Different Systens Used for MAD " WJ. MDonald, The O and Gas
Journal, pages 115-124, April 3, 1978. The idea of using inductive

coupl ers, such (I i i Qi pts, al so ropo he foll ow ng
i s6l ose. usdnol Enfae TS bi2b 88 Pirs. e N8 BERAo AR tha Bk,

4,605, 268, Russian_Federati on published patent aﬁgl i cation 2140527, filed
Dec. 18, 199¥0. RE9<EiS47, reddhrapblicaion FeveRiffereaheysieps Used & 2040691 |
filed Feb. 14, 1992, and WO Publication 90/ 14497A2, Al so see: U. S. Patent
No. 5,052, 944WDUOVE.J. RéaRonaltol het OlGcdd@8s Joual Reages 1 No 124, Apd! 3,069, U. S.
Patent No. 5,531 ,592, U S. Patent No. 5,278,550, and U S. Patent No. 5,971
,072. The U ®78latent 6,641 ,434 describes a wired drill pipe joint that
was a significant advance in the wired drill pipe art for reliably

transmiting Measpie Rl oflify Iitultiicaabierd 3EA astdhé Hidd RIS, Has Det veen

a surface station and |ocations in or ehn The at ent %ﬁscloses
P UL o R L O Ry e
that it melsstape: AFBoRalert et Ko G eet Busts GpefinmidbishRguct ve |
layer. The patent application 2140527, filed Dec. 18, 1997, Russian Federation

published patent application 2040691, filed Feb. 14, 1992, and WO

Publication 90/14497A2, Also see: U.S. Patent No. 5,052,941, U.S. Patent

No. 4,806,928, U.S. Patent No. 4,901,069, U.S. Patent No. 5,531,592, U.S.

Patent No. 5,278,550, and U.S. Patent No. 5,971,072.

The U.S. Patent 6,641,434 describes a wired drill pipe joint that was

a significant advance in the wired drill pipe art for reliably transmitting

measurement data in high-data rates, bidirectionally, between a surface

station and locations in the borehole. The ‘434 Patent discloses a low-loss

wired pipe joint in which conductive layers reduce signal energy losses

over the length of the drill string by reducing resistive losses and flux losses

at each inductive coupler. The wired pipe joint is robust in that it remains

operational in the presence of gaps in the conductive layer. The

performance attendant these and other advances in the drill string

telemetry art provides opportunity for innovation where prior shoricomings

of range, speed, and data rate have previously been limiting on system

performance.



performance attendant these and other advances in the drill string _
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some of which are summarized in U.S. Patent 7,040,415,

slip ring device, and use of rotary electric couplings based

including use of a

on induction or

so-called transformer action. A slip ring (also known as brush contact

surfaces) is a well known electrical connector designed to

carry current or

signals from a stationary wire into a rotating device. Typically, it is

comprised of a stationary graphite or metal contact (a brush) carried in a

non-rotating component which rubs on the outside diameter of a rotating

metal ring (e.g., carried on the upper poriion of a kelly joint). As the metal

ring turns, the electrical current or signal is conducted through the

stationary brush to the metal ring making the connection.

Rotary electrical couplings based on induction (transformer action),

known, as rotary transformers, provide an alternative 1o slip rings and

contact brushes based upon conduction between rotating

and stationary

circuiiry, so no direct contact is necessary. The transformer windings

comprise a stationary coil and a rotating coil, both concentric with the axis

of rotation. Either coil can serve as the primary winding with the other

serving as the secondary winding.



contact brushes based upon conduction between rotating and stationary
circuitry, so no direct contact is necessary. The transforner w ndings
conpri se woetdieyary coil and a rotating coil, both comcentseeos/osasbh the
axis of rotation. Either coil can serveﬁs the primary winding with the

ot her serving as the secondary w ndi ng. These types of approaches for
surface communi cati on have certain limtations and drawbacks attendant the

use of conplex el qﬁbé@wér%iroééﬁéécfolﬂrsﬁffa?é‘gﬁgi;rﬁuﬁi ai‘?’dﬁ)ﬁgvé B&rQRl ects of

the present invention to provide a systemto rectional conmmuni cati on

of signals b ] A ' d a surface processor,
wth inpr ovegh\({a@ﬁ?@l gﬁ%%@%@@%é@ﬁq%%é K&% §f?ﬁﬁple§s%8@{°'g?c HECHr i1 ng
and measuremapt art that. js addressed herein relates to safety at the

wel Isite, ang “Hﬂfé"%%@&%émsoﬁm% @H@es’fsr@‘tfgﬁiprﬁas%@éfé‘fﬁfﬂ@,n tawravidg@at i on
that may be classified as a hazardous area, w thout the use of power
carryi ng wi r 8¥stepkios piditpctienaleauesinication of sigtiats betweeat theriepmest exanpl e,

mud turbines, which are powered by the noving drilling fluid, are
relatively cuoipleakilipipe enpensinacd proscassaet, aitt improwdcheficlencylaeduse of
ordinary batteries can be problematic when the drilling operation nust be

interrupted faliabiptery replacement. It is accordingly anmong the further
obj ects hereof to provide a safe, efficient, and reliable source of

%EC} fN'VE N | N AGBRhEPSEHEHT oMt dFiflRg abithb ASurdhidr: aff thaPR  SUMVARY OF
addressed herein relates to safety at the wellsite, and the problem of
powering a rotating assembly, at a location that may be classified as a
hazardous area, without the use of power carrying wires. Existing
techniques have certain limitations. For example, mud turbines, which are
powered by the moving drilling fluid, are relatively complex and expensive
to build and to maintain. The use of ordinary batteries can be problematic
when the drilling operation must be interrupted for battery replacement. It
is accordingly among the further objects hereof to provide a safe, efficient,
and reliable source of electric power in conjunction with the rotating drill
string.

SUMMARY OF THE INVENTION
It has been recognized that wireless surface communication could
be used for communication between a drill string telemetry system and a
surface processor (see, for example, U.S. Patent No. 7,040,415).
However, the manner in which this can be advantageously achieved has
not heretofore been realized.

A form of the invention is directed for use in an operation of drilling

an earth borehole using: a drilling rig, a drill string having its generally



It has been recogni zed that w rel ess surface communi cation could be used
for comruni cation between a drill string telenmetry systemand a surface
processorwee/019de exanpl e, U. S. Patent No. 7,040, 415) pCiHasewsn3o4dhe
manner in which this can be advantageously achi eved has not heretofore been
realized. A formof the invention is dir&cted for use in an operation of
drilling an earth borehole using: a drilling rig, a drill string having its

general | yupp i.cal ble with and .suspendabl e .fromthe
ariiing rT oapaebeud Ry LaRBRbBANR Ml slsPRu ARG oA TaS Brlibd <

provi ded for .bidirecti gn[a\l caomruni catj on ,ﬁet ween t he downhol e eqfui pment and
a processor S86394 fwnhple euipment o the drill sHIng: Avsysiernis Pravidegtiobn of
wired drill Bgﬁes conprising at |east the upper portion of the string of
drill pipes, @ctionahasgnaunicatien between thendewnkolbiagjuiproentoard a

communi cation |ink between the downhol e equi pnment and the top of the string
of drill pippsicessdr suesysternray thietito’s suffacbecothplisingt rd saptiomestivirdcal |y

coupl eable with the topnost wired drill pipe; a drive mechanism
mechani cal | ydapppceaddrpiding af Riadt tHe WiSpsigdriion BOfHd &ﬂngfo%rmgﬁrﬁéé,“g the
drill string; a first wireless transceiver subsystem nolnted the drive
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drill string; a cab ectrica ween t he
topnmost wireg drill, pipe and the fjrst transceiver system, .and a second
wireless tra c‘«ﬁ’%*.’&&?&w?%m @b&]meet@pvﬁft% elsﬁ'g‘%‘%‘%ﬂgp'é?%@egﬁﬁ subsyst em
the second wirel ess transceiver subsystem conmuni cating bidirectionally
with the fir8¥ingiRpasiiea of thexddlbelringr meghapisaliyrcoupleable with the topmost

wired drill pipe; a drive mechanism mechanically coupleable with said drive
string portion, for rotating the drill string; a first wireless transceiver
subsystem mounted on the drive string portion of the drill string, for rotation
in conjunction with the drill string; a cable, electrically coupled between the
top joint of the topmost wired drill pipe and the first transceiver subsystem;
and a second wireless transceiver subsystem coupled with the uphole
processor subsystem, the second wireless transceiver subsystem
communicating bidirectionally with the first wireless transceiver subsystem.
[As used herein, the “drive string” portion of the drill string comprises all
subs, kelly, top drive, or the like that are connected above the topmost drill
pipe of the drill string. In illustrated embodiments hereof, the topmost drill
pipe is also the topmost wired drill pipe of the drill string.]

Although, in some circumstances, a single wire could be used, in a
preferred embodiment of the invention, the cable comprises a plurality of
wires, such as a wire pair. In a form of this embodiment, the section of
wired drill pipe has inductive couplers at the joints of each pipe, and the

cable is electrically coupled to the top joint of said topmost wired drill pipe



[ As used herein, the "drive string” portion of the drill string conprises
all subs, kelly, top drive, or the |like that are connected above the

t opnost dwol2bopiipm2of the drill string. In illustrated echaseemsnseoher eof,
the topnost drill pipe is also the t opmpst wired drill pipe of the dril
string.] Although, in sonme circunstances, a single wire could be used, in a
preferred enbodi nent of the invention, the cable conprises a plurality of

wres, such _aﬁiﬁ/&dcﬁvé’%bﬁ?uﬂd? RisbOlr plefbhed ctrbSulERbf tHehfveedd,on of
wired drill pipe has inductive couplers at the joints of each pipe, and the

cable is el Ied I oY [ iped drill
o peby an 1 HbSTtbsEREF RfBsliiel ViphORs sHiRt aonhd sEELAERE ank e
invention, the first transcejver subs&at em i nclﬁadare{ﬁ a first gnt enna
subsyst em aRFOPALrANSCBIVET SHRFEIMRCIUEES & R8Ot EEIRASUBSYSI Bnd ant enna
subsystem Each of the antenna subsystens can conprise a plurality of

ant ennas. THeacthelthganteana Eéb%htSTQmﬁfC@ﬂémm%fﬁ%gﬁdﬁ“tydg iantIHERSwi ke r espect
to the drive string. In one enbodi nent of the invention, the drive string
portion of tdrdednad Camsbeiatglifterept adesitizalkEsitionsanith respect tar tineadrivehi s

enbodi nment, the drive string portion of the drill string further conprises
a saver subfgﬁh%pen the kelly and the topnost wired drill pipe. In another
enbodi ment of the invention, the drive string portion of the drill string
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t hat engages the ormof this e I'ment, the drive
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the top dri

string portion of the drill string further comprises a saver sub between the
kelly and the topmost wired drill pipe. In another embodiment of the
invention, the drive string portion of the drill string comprises a top drive
sub, and the drive mechanism comprises a top drive that engages the top
drive sub. In a form of this embodiment, the drive string portion of the drill
string further comprises a saver sub between the top drive sub and said
topmost wired drill pipe.

In an embodiment of the invention, an antenna of the first antenna
subsystem and the first wireless transceiver subsystem are mounted at
substantially the same position on the drive string portion of the drill string,
and in another embodiment, an antenna of the first antenna subsystem and
at least part of said first wireless transceiver subsystem are mounted at
respectively different positions on the drive string portion of the drill string.

In accordance with a further form of the invention, an electric
generator is provided for generating electric power for use by the first
transceiver subsystem, the electric generator including a rotating generator

component that is mounted on the drive string portion of the drill string and



topnost wired drill pipe. In an enbodi ment of the invention, an antenna of
the first antenna subsystem and the first wireless transceiver subsystem
are nountwd 2a47/aebd3t antially the same position on the dPCYarssaciop@oporti on
of the drill string, and in another enbogliment, an antenna of the first
antenna subsystem and at |east part of said first wireless transceiver
subsystem are nounted at respectively different positions on the drive

string porti %rhtgtfri]or’ie{}g g%hleheltgi%@jpggg?hﬂgﬁ%&%gg@%‘a o é@.tﬁiofn‘éw ﬁgﬁigﬁ%m of

t he i nventi on, e rovi for genera ectric

power for use by.the first transceiver subsyste the el ectric generator

i ncluding a ﬁ?ﬁ ﬁ'f"ﬁ'ﬂ% r'&er‘@raé‘t%fpgeg'ﬁfﬁfﬁé’ﬁh'ﬁéﬁm P&%‘Uﬁ?%@o%hh? he drive
string portion of the drill string anda stationary generator conponent that
i s nount ed oSEHICSARt QIRRIAIOTROMPAIENS COMsisgsia Nnthgl Magnetss aad teebodi ment of

this formof the invention, the stationary generator conponent conprises a
ri ng of nagneetafinggenetsdor carapongnigEmeprises atdeagicorenstatwopili Jéwe at | east
one stator coil. The rotating generator comnmponent and stationary generator

conmponent ar eotdiing @eadrdtor corapenditatidstatosaydrastoragnplonent arex fromthe
ring of magnets crosses the at |east one stator coil. Further features and

advant ages obidaget i Bfdsk okilily QRAANE RIAeHE A koA IRARG bt { T om the

foll owi ng detail ed I on aken "'n conjunction w t he
acconpanyi ng QW i i Tl .THE DRAWNGS Figure 1 is a
di agram parti %Q?%sg?ﬁilﬁ{g%ﬁ%@% Q%O&Q'l'i ally in

Further features and advantages of the invention will become more

readily apparent from the following detailed description when taken in

conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a diagram, partially in schematic form and partially in
block form, of a system in which embodiments of the invention can be
employed.

Figure 2 is a diagram, partially in block form, of an existing scheme
for bidirectional wireless communication between a surface communication
sub and a surface computer.

Figure 3 is a cross-sectional schematic diagram, partially in block
form, of a bidirectional surface communication subsystem in accordance
with an embodiment of the invention.

Figure 4 is a cross-sectional schematic diagram, partially in block
form, of a bidirectional surface communication subsystem in accordance

with another embodiment of the invention.



bl ock form of a systemin which enbodi nents of the invention can be

enpl oyed. Figure 2 is a diagram partially in block form of an existing
schene f owobwaimemti onal w rel ess comruni cati on bet weenPaTAIS2o0aOB0404
comuni cation sub and a surface conputer. Figure 3 is a cross-sectional
schematic diagram partially in block f&m of a bidirectional surface
communi cati on subsystemin accordance with an enbodi nent of the invention.

Figure 4 is a cross-segtignal schematic diagra artially in block form
of a bidirecti onaﬁg'gé'[ﬁ %é%@ C(f%‘?ﬁi‘ﬁ?\&l%'tai' 8ﬁh‘§'ﬂ%é?/5} WMDQQ%V%H%@RV\A th

anot her enbo%i men %{iﬂ't he invention. Figure 5 is a cross-sectional schematic
di agram parof& P{/ai ircdieRak yHfacesroraMpninationsubaystesuInfagserdanasuni cat i on
subsystemin accordance with a further enbodi nent of the invention. Figure

6 i s a crosswiketfughat embodimeentofdhadgnentiopartial ly in block form of a
bi di rectional surface comuni cation subsystemin accordance w th anot her

enbodi ment of t heFigowe6tis arods-gectonal sshemaiiealayfam! paRiadl aFbldck power
generating subsystemin accordance with an enbodinent of the iInvention.

rigure 8 15 @imespa idifecibAgl Afde ddifminféaliBn SuBLEALH] f ARMRIadiener atl ng

subsystemin accordance W th an enbodi nent o nventi Igure 9 is a
gencr ati ng SBsaBpURF s bt d Sccordance w th &
Figure 7 is a diagram of an electric power generating subsystem in
accordance with an embodiment of the invention.
Figure 8 is an exploded diagram of the Figure 8 electric power
generating subsystem in accordance with an embodiment of the invention.
Figure 9 is a schemaiic diagram, partially in block form, of the
electric power generating subsystem of Figures 7 and 8, in accordance with

an embodiment of the inventjon.

DETAILED DESCRIPTION

FIG. 1 illustrates a wellsite system in which the present invention
can be employed. The wellsite can be onshore or offshore. In this
exemplary system, a borehole 11 is formed in subsurface formations by
rotary drilling in a manner that is well known. The drilling could alternatively
be mud-motor based directional drilling, as is also well known.

A drill string 12 is suspended within the borehole 11 and has a
bottom hole assembly 100 which includes a drill bit 105 at its lower end.
The surface system includes plaiform and derrick assembly 10 positioned
over the borehole 11, the assembly 10 including a rotary table 16, kelly 17,

hook 18 and rotary swivel 19. The drill string 12 is rotated by the rotary



an enbodi ment of the invention. DETAILED DESCRIPTION FIG 1 illustrates a
well site systemin which the present invention can be enpl oyed. The
wel | site weanoimigyehore or of fshore. In this exenplary ®¢stusmocasiaos ehol e

11 is forned in subsurface formations by rotary drilling in a manner that
is well known. The drilling could alteriatively be nud-notor based
directional drilling, as is also well known. A drill string 12 is suspended

within the horehple 11 and,has a bottgm hol e .assenbl 00 i | ncl udes a
dri 1 i ¢ 10908 T4, crergges b ftednn BotstitubaRugt BBRRpte Mkl Aet BB and
derrick assenbly 10 positioned over the borehale 11, the assenbly 10

i ncl udi ng a WRedEpcefhe diild sting. Mnedrill sidag 12ds sHapended ffomg hepk19. The

drill string 12 is rotated by the rotarytable 16, energi zed by neans not
shown, whi chi&majagbedtha tkaldlipg biockt (atdrenatmhewrgnthrofigh tre kisliyl 17 atdi ng. The
drill string 12 is suspended froma hook 18, attached to a traveling bl ock

(al so not sfwwnhg $wiveLd whitth feinhits ibfatisidofahe aritrstrisywelglivel thvai ch permits
r

rotation of the i1l string relative to the hook. As is well known, a top

erbodi mont . I dor Fakgl Kb Yo Brue Sfbtelion 8 SRS TEEV IS, ua 26
stored n 2 P 3F (BEIERGR of e BRkochof, it QRS GEhiiRpE e 0111 g
12" as i ndi C4nSls CtNBOTIGEE Mishe® Sreiroe Pl WrBEiigns WP s the
drill string 12 via ports in the drill bit 105, and then circul ates

pump 29 delivers the drilling fluid 26 to the interior of the drill string 12 via a

port in the swivel 19, causing the drilling fluid to flow downwardly through

the drill string 12 as indicated by the directional arrow 8. The drilling fluid

exits the drill string 12 via ports in the drill bit 105, and then circulates

upwardly through the annulus region between the outside of the drill string

and the wall of the borehole, as indicated by the directional arrows 9. In

this well known manner, the drilling fluid lubricates the drill bit 15 and

carries formation cuttings up to the surface as it is returned to the pit 27 for

recirculation.

As is known in the art, sensors may be provided about the wellsite to

collect data, preferably in real time, concerning the operation of the wellsite,

as well as conditions at the wellsite. For example, such surface sensors

may be provided to measure parameters such as standpipe pressure,

hookload, depth, suiface torque, rotary rpm, among others.

The bottom hole assembly 100 of the illustrated embodiment
includes an interface sub 110, a logging-while-drilling (LWD) module 120, a

measuring-while-drilling (MWD) module 130, a roto-steerable system and

motor 150 for directional drilling, and drill bit 105.



upwardly through the annul us region between the outside of the drill string

and the wall of the borehole, as indicated by the directional arrows 9 . In
thi s wel Iwbroswnipmener, the drilling fluid |ubricates tireTdrseéos/obosvs 15 and

carries formation cuttings up to the sujface as it is returned to the pit
27 for recirculation. As is known in the art, sensors may be provi ded about
the wellsite to collect data, preferably in real tinme, concerning the

operation of the v LD enodse W2Dlis ABuSSMH & ispBsiaptypehst dmilldotiat, s isor
exanpl e, such surface sensors may be provided to neasure paraneters such as

st andpi pe prgssis | ffe ; : , anong

ot hers. The bottom L%@{asserrabrfg&ygg‘%?ﬂgﬁl*@ﬂwﬁ@d e ggpment I ncl udes
an interface sub 110 oqqi ng-whi le-dril|i . a

measur i ng- whPPENG L[S ?@e(‘n’%@? %}%@%\ée%éérenggg&%b@gb@@gg?ag& em and
notor 150 for directional drilling, and dri] | bi . rhe, LMD nmodul e 120 is
housed in a éBB'&aé'Pnt%@l(')\*U’HPE?VI—I——GGH—&F,—QJ@i@-[bﬁiﬁg'k‘?cﬂof‘ﬁ\éG'h 2 and can
contain one or a plurality of known types of Ioggi ng tools. (See also the
above- r ef er enerewitbopehdssignad & theassame aspighee atsitba presentlappliediian.] file 19.
DST], filed of even date herewith and assigned to the sane assignee as the

present appl ThalvVebD.modile indtesdapabilities fod ereasapiayj prdcessingpandreasur i ng,
processing, and storing information, as well as for comrunicating with the

he For S BT AR e TP o e o

characteristLessment. The LWD module can include, for example, one or more of the
following types of logging devices that measure formation characteristics:
a resistivity measuring device, a directional resistivity measuring device, a
sonic measuring device, a nuclear measuring device, a nuclear magnetic
resonance measuring device, a pressure measuring device, a seismic
measuring device, an imaging device, and a formation sampling device.

The MWD module 130 is also housed in a special type of drill collar,

as is known in the art, and can contain one or more devices for measuring
characteristics of the drill string and drill bit. The MWD tool can further
include an apparatus (not shown) for generating electrical power to the
downhole system. This may typically include a mud turbine generator
powered by the flow of the drilling fluid, although other power and/or battery
systems may be employed. The MWD module can include, for example,
one or more of the following types of measuring devices: a weight-on-bit
measuring device, a torque measuring device, a vibration measuring

device, a shock measuring device, a stick slip measuring device, a

direction measuring device, and an inclination measuring device.



a resistivity neasuring device, a directional resistivity nmeasuring device,
a soni c neasuring device, a nuclear neasuring device, a nuclear nagnetic
resonancewoeasuripzyg devi ce, a pressure nmeasuring devi cepCa/iSe000Bm@I04
measuring device, an imaging device, angha formation sanpling device. The
MAD nodul e 130 is al so housed in a special type of drill collar, as is
known in the art, and can contain one or nore devices for neasuring
characteristics ofhthbeydtam bof Sigurad, antilldtiing tdemetrylystdnDid ewblaged furt her
i nclude an apparatus (not shown) for generating electrical power to the

downhol e sysyRigh imhé_mmstrattwleﬁﬁidmbﬁf«:be%r@emwrhi&%&mwe@t or power ed
by the flow of the drilli ng fluid, although other "power and/or battery

systems 1y o R laec BN B TR UF fdRohs oo LR BY3ARLE, One o

nore of the ow ng typ Oof neasuring devi t measuring
device, a torgue nmeasuri evi ge, | bration asuring device, a shock
neasuri ng déO%ceaS”zﬁt@ﬂE e&ﬁ@&%ﬁPﬁ@%@*ﬁxeﬁe&e@ﬁfﬁ% 1Q€asuri ng
device, and an inclination neasuring device.ln the systemof Figure 1, a
drill stringneldigineeagity@iithe @flﬂﬁg'lr@éalamubﬁ,Orifﬁp@éht@l’s cauber at ed

enbodi nent, conprises a system of inductively coupled wired drill pipes 180

t hat ext end frovitded atunteseals suthelStfing of avireidrdrédirfipes, arubxdrhple einge bot t om
hol e assenbly. Depending on factors including the Iength of the drill

string, rel agpsedented af ¢82ATRETeRFBUYS, RhtH ctlab bapviRidBwith the string
of wired drill pipes, an exanple being represented at 182. The rel ay subs,

uhni ch ggpefle%esg?sd%gﬁgﬁﬁgr dedciB BT M abdietrdttféridt cfRAtingRd.a.n the
Patent Application Serial No. (file 19.0410/11), filed of even
date herewith, and assigned to the same assignee as the present
Application.

The interface sub 110 provides an interface between the
communications circuitry of the LWD and MWD modules and the drill string
telemetry system which, in this embodiment, comprises wired drill pipes
with inductive couplers. The interface sub 110, which can also be provided

with sensors, is described further in the above-referenced copending U.S.

Patent Application Serial No. (file 19.0410/11).

At the top of the wired drill string, a further interface sub 185, can be
provided, and serves, in this case, as a surface sub. As described, for
example, in the U.S. Patent 7,040,415, the wired drill pipes can be coupled
with electronics subsystem that rotates with kelly 17 and include a
transceiver and antenna that communicate bidirectionally with antenna and
transceiver of logging and control unit 4 which, in the present embodiment,
embodies the uphole processor subsystem. In an embodiment hereof, the

interface sub 185 can comprise a wired saver sub (to be described), and

R



Pat ent Application Serial No. (file 19.041 0/1 1), filed of even date
herewi th, and assigned to the sanme assignee as the present Application. The
i nt er f aceweubo7ldi®29pr ovi des an interface between the conPUmUS26060BGH04
circuitry of the LMD and MAD nodul es angy the drill string telenetry system
which, in this enbodi ment, conprises wired drill pipes with inductive
couplers. The interface sub 110, which can al so be provided with sensors,

i s descri bedhéwlddirinicdoft heanbesiver 30 &y woosbcoapaRikely, br SthPpaeindf
Application Serial No. (file 19.0410/1 1). At the top of the wired drill

SLTING, @ T Uhe RRol s (0 Bl SiocR b Beok St ibiRR AR, 1707 (1 o

case, as a surface sub. As descr for at ent

(hat rot ai edoartRBlpAY derBilToiiPEnds SRRl Y S SRS Thar ™ "

communi cate bidirecijonally with antenna and transceiver of |ogging and
control uni taT4eQpR ehths IHQQ%Q Bpﬂ‘ﬂ‘é@ﬂf(ﬁé#‘r‘ﬂcfﬁi g@‘?ﬁr,g'r@?ﬁbdm 89”%'%38813& e
processor subsystem In an enbodi nent hereof, the interface sub 185 can
conprise a Wige® saU@ides;p commueicaier link &am therdagaiegansteorsral ewitdf  a
transceiver 30 is mounted on the kelly, or other part of the drive string,
as will be dbsmughbezmmunidatignrliekl,75ate sorace sab 168, throkigh iHe wied drill
schematical |y depicted between the el ectronics subsystem 30 and antenna of

the | oggi ng @ipd te1emicty! sydttirh, tb dAeRsIdineice O HRNheTonidrithtobf Fi gure 1
provi des a comuni cation |link fromthe | ogging and control unit 4 through

communi cat i Qfelydimioe d<eMbly A8, S4B, thetrevb i8R diNfor MidiftiBhAl !

operation.
As described in the referenced copending U.S. Application Serial

No. (file 19.0410/11), while only one logging and control

unit 4 at one wellsite is shown, one or more surface units across one or
more welisites may be provided. The surface units may be linked to one or
more surface interfaces using a wired or wireless connection via one or
more communication lines. The communication topology between the
surface interface and the surface system can be point-to-point, point-to-
multipoint or multipoint-to-point. The wired connection includes the use of
any type of cables (wires using any type of protocols (serial, Ethernet, etc.)
and optical fibers. The wireless technology can be any kind of standard
wireless communication technology, such as IEEE 802.11 specification,
Bluetooth, zigbee or any non-standard RF or optical communication
technology using any kind of modulation scheme, such as FM, AM, PM,
FSK, QAM, DMT, OFDM, etc. in combination with any kind of data

multiplexing technologies such as TDMA, FDMA, CDMA, etc.



pipe telenetry system to downhole interface 110 and the conponents of the
bottom hol e assenbly and, also, the reverse thereof, for bidirectional

oper at i orwoAsoasmei bed in the referenced copendi ng U Spciysbeocasison Seri a
No. (file 19.0410/1 1), while only one | ogging and control unit 4 at one
wellsite is shown, one or nore surface its across one or nore wellsites
may be provided. The surface units may be linked to one or nore surface

communi cat i on |1 ragutraenBlm AEeRBRdaRT bEp HoRudlSs Photiverce

i nterface and  the surface s em ca be pai nt -t 0- poi nt, point-tonultipoint
or mul tipoi rﬁuqsbfs’?%“ ﬁ[eCtmﬁlnySv&‘%Qﬁ% h’@@glthther@PQfd@%'C$ ﬁB Qiddowe tany type
of cables (wires using any type of protocols (serial, Ethernet, etc.) and
optical fibeReferamee oan alsedie macieriollby Patentis040w1&i Masighakiremdar d

wi rel ess communi cation technol ogy, such as | EEE 802.1 1 specification,

Bl uet oot h, zthgheduativeaonuplerrof she tsjothtiF topmost wired deif pipeiscesupted
t echnol ogy using any kind of nodul ation schenme, such as FM AM PM FSK,

QAM DM,  ORjhhh a8OP md@ﬁvbrﬁ@wgp Mbéi@m@aﬁ 6l uph, (ﬁﬁfp@edwthi pl exi ng

t echnol ogi es such as TDWVA, CDMA, etc. Figure 2 shows a bl ock di agram

e e e
SHREIENR T N O e P LYY
's, Inturn, bé: Pn%ele %?efvemrrteg are described hereinbelow. The logging and control
unit also has, for example, a transceiver with a wireless modem.
The WDP surface modem is adapted 1o communicate with one or
more modems, repeaters, or other interfaces in the downhole tool via the
wired drill pipe telemetry system. Preferably, the modems provide two way
communications. The modem communicates with another modem or
repeatef or other sub located in the downhole tool. Any kind of digital and
analog modulation scheme may be used, such as biphase, frequency shift
keying (FSK), quadrature phase shift-keying (QPSK), Quadrature
Amplitude Modulation (QAM), discrete multi tone (DMT), etc. These
schemes may be used in combination with any kind of data multiplexing
technologies such as Time Division Multiplexing (TDM), Frequency Division
Muttiplexing (FDM), etc. The modem may include functionality for drill pipe
diagnostics and downhole tool diagnostics.
Although a single surface processor is depicted, it will be understood
that plural surface processors, in the form of logging/control units or other

forms, can be provided at diverse locations, with wired and/or wireless

transceiver connection, it being further understood that any of the modes of



wirel ess nodem 231 . A battery 250 and power supply 255 are al so provided
to power the nodenms. Qther power generating means, which may be nore

pr ef erredyvoane/demeri bed herei nbel ow. The | oggi ng and ceatrruskoodmsda4oal so
has, for exanple, a transceiver with a wireless nodem The WP surface
nodem i s adapted to conmunicate with on® or nore nodens, repeaters, or
other interfaces in the downhole tool via the wired drill pipe telenetry

system Prefer . 1.he nmodens praovide two 0 i cations.. The nodem
comuni cat e V@th'gﬁh?ﬁg?erﬂ'g&891%emézﬁé‘a?%P%@édg@ﬁg}m%‘"bomeﬁeﬁ@@ in the
downhol e tool . Any kind of digital and anal og nodul ati on scheme may be
used, such ggxd{)(prpé/ﬂg@thr}@ AGANA$S be&éryzeé ErgsRunitaadhameliieoynase .
shift-keying (QPSK), Quadrature Anplitude Mdul ation (QAM, discrete nulti
tone (DMT), antennalapsed/orsbatesi anignhas.ushe anterrashtarabe providediany ki nd of
data mul ti pl exi ng technol ogi es such as Tine Division Miultiplexing (TDV,

Frequency Diogtisiurn |dddifonplaexi with 6pEMum eiientalibes fARKIMRE digdiude
functionality for drill pipe diagnostics and downhoi e tool diagnostics.

Although a el ahd baamyP ICERRRRIcAN BRI Finold 108klibndSndingiRgst 00d that

plural surface processors, in the rormo oggl ng/ control "uni r ot her

f , ] ' S .on | i red and/ or wreless
t?;gcefsgr%gg%g@hggﬁr? eh%éﬁteg%ﬁh%%bgﬁgﬁé%gwthat any of the nodes
of comuni cati on r‘n:_entio ed herein can be Ukl lized, .and that conpression
and/ or encrypti on '@redHeROWS ANArabogiment of thesipvertiem inWhichaaPeridk its own

antenna(s) and/or shared antennas. The antennas can be provided at
saver sub 340 is provided between the kelly 350 and the topmost wired drill

pipe 181. The saver sub 340 has an inductive coupler 341 at its lower end
that electrically couples with the inductive coupler 189 of the topmost wired
drill pipe. A cable 315, which is connected to inductive coupler 341, exits
saver sub 340 through a sealed port, and runs externally of kelly 350 to the
transceiver subsystem 330, which includes antenna(s) 335. At the exit
position of the cable on the saver sub 340, a connector 346 can be
provided. The cable running along the outside of kelly 350 can be sealed
in a groove in the kelly and, for example, be protected by an epoxy or peek
materials. A further connector can be provided at the transceiver
subsysiem electronics. The cable 315 is provided with at least a wire pair.
In the embodiment of Figure 4, the saver sub 440 and kelly 450
have internal electrical cabling, and the drive string includes a special top
sub 470, above kelly 450, on which the wireless transceiver subsystem 430
is mounted. In a form of this embodiment, the saver sub 440 and the kelly
450 each have inductive couplers at both ends, with a cable (again, and
throughout, preferably including at least a wire pair), designated 441 and

451, respectively, running between the ends of each. It will be understood



optimum | ocations and with optinmumorientations to maxim ze signal strength
and quality. Comrunication to/fromrenote |ocations, including

comuni cavpanomiiggatel lite, can al so be inplenented. Fipgums2@6obios an
enbodi ment of the invention in which a gpecial saver sub 340 is provided
between the kelly 350 and the topnost wired drill pipe 18 1. The saver sub
340 has an inductive coupler 341 at its |ower end that electrically couples
with the i ndhatether &mesl afrcougtingfit thesjotrdpcoald attereativity be usepgehers, cabl e
315, which is connected to inductive coupler 341 , exits saver sub 340
through a seaickid gthet embodiments. €hé epoeibl wpdukerd Wwideh id tdunged ' anscei ver
subsystem 330, which includes antenna(s) 335. At the exit position of the

cabl e on_theitemearellyUBodAftaics WRRIRELAN sBh8 qﬁ@hig%ngé,gﬂg'to agpcabl e

runni ng al ong the outside of kelly 350 can~be seale roove in the

kelly and, f l r oxy, or . peek terjals. A
furt%er conrfgc?t@%Qggﬁ@uﬁg?%elaé%gtagﬂsF%‘%&??ri(ﬁsaé@ %Fﬁ%‘@ég&'&%ﬁl ectronics.
The cable 3 | S provi with at least a wire pair. In the enbodi nent of
Figure 4, tﬁ@a%%?}&le%wgﬁ?i%“afﬁée%éérql@ﬁcmrﬁgiaévﬁﬁﬂbﬂ% el ectrical cabling,
and the drive string includes a special top sub 470, above kelly 450, on
whi ch the wirel edB e gxapwiasel thapmkedimentnof Eignmems ead 4,tha wielessof t hi s
enbodi ment, the saver sub 440 and the kelly 450 each have inductive

coupl ers at tsssheirdsubsystémealectidricy, asavell agnie hbsosigledintemaEhr abl y
including at least a wre pair), designated 441 and 451 , respectively,

o 50" TR LI o 0 SRgARIFRBRLON st Yoos o
it will be understood that parts or all of the electronics, with contiguous or
separated antenna(s), can be at a plurality of locations. For example, in
the embodiment of Figure 5, a special surface sub 590 is employed
between saver sub 440 and kelly 550. In this example, the saver sub 440
has inductive couplers at both ends and internal wiring (as in Figure 4), and
the special surface sub 590 has an inductive coupler at its lower end, with
internal wiring, represented at 591, running to the electronics 530. In this
example, the wireless transceiver subsystem electronics 530, or at least a
portion thereof, are mounted internally in the special surface sub 590. An

example of internal packaging of electronics in a sub is shown in the above

referenced U.S. Patent Application Serial No. (file

19.0410/11), filed of even date herewith, and assigned to the same
assignee as the present application. In the present embodiment, the
antenna(s) 535 (and, if desired, a portion of the associated electronics) are
mounted on the kelly 550 and coupled with the rest of the electronics 530
via cable 531 which, in this embodiment, exits the special sub 590 at a

sealed port or connector, and can be carried in a groove in the kelly in the



and in other enbodinents. The special top sub 470, which is nounted above
kelly 450, rotates with the drill string. In this exanple, the top sub 470
has an i stocbemasmeupl er at its |ower end, and an i nter ralr/usawo@3046L t hat
couples with the wireless transceiver subsystem 430. In the exanples of the
enbodi nents of Figures 3 and 4, the wireless transceiver subsystem
electronics, as well as the associated antenna(s), are in one general

| ocati on on $aiee ganner asrwag dpssrideshabsive Hedesired, the bidigctiboal linke wi | | be
understood that parts or all of the electronics, with contiguous or

separ at ed arbeiwea(s)lectrancde3@and apitenral(s)/#letfrohies B35 cdrpf aexanmpl e, in
t he enbodi nent of Figure 5, a special surface sub 590 is enpl oyed between

saver sub 44figiaiped kRjnay, RPiis &MbbRinSerX AR e Lff]'&%rsﬁ@?&rthaﬁ”thﬁ.‘éﬁg 55

i nductive couplers at both ends and internal wring (as In : gure 4)a an_olt ]
t he speci al : ?L%s | qﬂﬂfeti r It wer end, w
internal w raﬁ%é %rggtﬁg@e%?@ atmggf'e, ruﬁﬁ%‘%%ﬁgkiﬁ‘@ @Pgﬁt§%§§§"§%o !{n
this exanpl e i rel ess transcejyer subs em el ectroni cs , Oor a
| east a portqféhgﬁﬂgr DBt ! ea?%feﬂﬂaﬁ%xethéﬁ V”m bea _@V%g&md_ lgveli ace sub
590. An exanple of internal packaging of electronics in a sub is shown in
the above r df'@¥Ene 8ROWS PlurphericnnA inatgatate witbehpdielixoas tmill be19. 0410/ 1 1),
filed of even date herewith, and assigned to the sanme assignee as the _
present applunsigrstoad thai aziraupradly sedurddnidiniemias om theardtatimpdsye EBing( and, i f
desired, a portion of the associated electronics) are mounted on the kelly
550 and couplitehinintibe ideadrsgits of welR spbRréfBBiRIESDlink. The same is

applicable to the other embodiments. Also, plural antennas of the wireless

transceiver subsystem can be advantageous.

Figure 6 shows an embodiment of the invention for use in

conjunction with a top drive 605. In the Figure 6 example, a saver sub 440,

coupled with the topmost wired drill pipe 181, has inductive couplers at

both ends, connected by cable 441, as in the embodiments of Figures 4

and 5. A top drive sub 690 is provided between the top drive 605 and

saver sub 440, and the wireless transceiver subsystem 630 of this

embodiment is mounted on the top drive sub 690. Also in this

embodiment, the top drive sub has an inductive coupler at its lower end,

and internal cable 691 that runs from the inductive coupler to the

subsystem 630. However, it will be understood that an external cable could

be used, as in the Figure 3 embodiment, or that the electronics and/or

antenna(s) could be split, as in the Figure 5 embodiment.

Figures 7-9 show an embodiment of a form of the invention wherein

a safe and reliable source of power is provided on rotational components

at the well site, which can be used, for example, to power the wireless



via cable 531 which, in this enbodinent, exits the special sub 590 at a
seal ed port or connector, and can be carried in a groove in the kelly in

t hesame maones7/Es29as descri bed above. |If desired, the lpcaiuseasiosssad |ink
bet ween el ectronics 530 and antenna(s)/Agl ectronics 535 can carry a
digitized signal. In this enbodinent, it will be understood that the sub
590 and a portion of kelly 550 nay be under the |l evel of the nud at |east
sone of t hetrahsegivéngulidystean B6raval/ss) foe b applicatic®®5 Inithis be above t he nud
| evel . Figure 5 shows plural antennas that rotate with the kelly, as it

wi |l be undenrijomtlepf)atmaghstrintazh 0 opectitasasta satieniggedieratop rotating

drive string will mnimze dead spots or weak spots of the wireless |ink.
The sane is

tgg \é\n rel esgf t ﬁ ﬁh%@%‘@%?@&ggﬁ @?nécs_gn ge.rgg\ggﬁjpnacgﬁetﬁggrmﬁ%ﬁ eag.t 32332 gl;l
e g Enth 8 30Tl S RolB BEGRB R Bo B cc e 17
' 441 , as

pi pe 181 , has inductive coup|lers at both ends, connected by cabl
in the enbo&q%%ﬁ@%wr% @ghw%go-sexamp@pbarweofsths SHHGCE SURF Vi ded

between the top drive 605 and saver sub 440, and the wirel ess transceiver
subsyst em 68®@uses BHe)Inelndedarsiatori725rbigures 8ana Ye reajlied ¥2GeCcRABINGD0. Al so
in this enbodinment, the top drive sub has an inductive coupler at its | ower
end, and i ntiecuin?27 admdereihbrgdudile batteriés 788 t(Rigura8)avhivie acoupéeyintay t he

subsystem 630. However, it wll be understood that an external cable could
be used, asg|if foPBolvelHE e firTRRMEBREr sQhsyishéth J01€TiRd Skkb6OTRE Ragnd/ or
one or more stator coils, is annularly aligned with the magnet ring, and is in
close proximity therewith so that flux from the magnet ring crosses the one
or more stator coils of the stator 725 as the stator 725 rotates with the drive
string portion of the drill string. The magnet ring, in this embodiment,
comprises magnets arranged with alternating polarities. The alternating
current from the stator is rectified by rectifier 726, the output of which is
direct current that is input to charging circuit 727, the output of which, in
turn, charges rechargeable batteries 728. In an embodiment hereof, the
batteries power the first wireless transceiver subsystem 30, and can also
power other circuits, such as for measurement and/or communication.
Also, it will be understood that the output of the generator and/or rectifier
could, if desired, be used for directly powering circuits or subsystems of the
equipment.
The invention has been described with regard to a number of
particular preferred embodiments, but variation within the spirit and scope

of the invention will occur to those skilled in the art. For example, although

Figures 3-6 show various combinations of couplers, internal and external



antenna(s) could be split, as in the Figure 5 enbodi nent. Figures 7-9 show
an enbodi ment of a formof the invention wherein a safe and reliable source
of power We2pe7oaprded on rotational conponents at the welPcTdaist@s/osdaneh can
be used, for exanple, to power the w rejesstranscei ver subsystem 30 and/ or
for other applications. In this enbodinment, a magnet ring 710 operates as a
stationary generator conponent and is nounted on a stationary portion of
the drillingabliggyiaferegkband/dr axteTd méuntinexafmmrdoms obinat ¢élagironipsase a
kelly or a top drive. A surface sub 720 (which may, for exanple, be one of

the surface cfubsavelr sib@s)rarl/Sr $pedidlBuraes sabes)aéRy, v KdLadé sy and 9),
rectifier 726, charging circuit 727, and rechargeable batteries 728 (Figure

9), which anfatspdr cbﬁfbﬁ{a}%'nis%re TRGsBRYERY B EBftehidIStedtiBiIa §Fa vVer

subsystem 30. The stator /25 has one or nore stator coils, 1s annularly

I it from ¢ RECRESRETRR oy hERalEs Afe Bhie 83%He) Pt es bR b the
stator 725 as the_ stator 725 rotates with the drive string portion of the
drill strindnerineferEghemaadipgent %Hr'mﬂsﬁmdale%ﬁw sswsiertel withBaet s

arranged with alternating polarities. The alternating current fromthe
stator is rdecpgniegd Hatraiaer forms of 26! sting wlarpetry.odn ekambpld keidgr ect current
that is input to charging circuit 727, the output of which, in turn,

char ges r eclenogetid el ktirigeteienefry &an e asednhavhiok ochsdarienisdutbe batteries
power the first wireless transceiver subsystem 30, and can al so power ot her

circuits, sugsgstehPtanBagptotRatat M oft@iNdtnhg ety duiRysidmth | | be
understood that the output of the generator and/or rectifier
convert to/from electrical signals. Also, it will be understood that other
techniques which make use of motion of the drill string, including rotational

or vibrational motion, can be used to generate power in the region of the

drill string.



could, if desired, be used for directly powering circuits or subsystens of
t he equi pnment. The invention has been described with regard to a nunber of
parti cul avopoefmsred enbodi ments, but variation wthin trhe/wspisioso4and scope
of the invention will occur to those skddled in the art. For exanple,

al t hough Figures 3-6 show various conbi nations of couplers, internal and
external cabling, internal and/or external nounting of portions of the

el ectronics, use of a saver sub(s) and/or special surface sub(s), etc., it
wi || be understood that other conbinations are possible and are
contenplated wthin the scope defi nedClbaiM$e clains. Also, while a wired

drill pipe subsystemis one preferred enbodinent of a drill string
tel emetry supwsisdhinkdd st | | be recogni zed that other forms of drill string
telenetry, an exanple being acoustic drill string telenetry, can be used,

cring tel ometry SoRbrean e RoRRUEr bF BRNRG ol GEBoieline UFphaks” w'co, i1

string telenetry subsystem
w || be undetstood that, ot her, techni ques i ch make use of nption of the
drill stri néfﬁ'f%f'%ﬁ ﬁﬂ" ?Ef't”@tfi‘%‘ﬂ%@ Rﬁ%e{?ﬁfﬂf'm&tqmélenﬁﬂf‘?@?ﬁm@%w be used to
generate power in the region of the drill string. CLAIMS What is clained is:
1. For use iGPupipaiiewithiand suspendablenfjomrihe sirilingoig, etnsl dowsholg: a drilling
rig, adrill string having its generally upper end mechanically coupl eabl e
wi th and susgsgiiabheon tlendtithstrithgi bBlsystgnn ifay, bidinettibmah bomenwartcatpment on t he
drill string, a systemfor bidirectional communication
between the downhole equipment and a processor subsystem at the
earth’s surface, comprising:
a section of wired drill pipes comprising at least the upper
portion of the siring of drill pipes, and forming at least a portion of a
bidirectional communication link between the downhole equipment and the
top of the string of drill pipes;
a drive string portion of the drill string, mechanically
coupleable with the topmost wired drill pipe;
a drive mechanism mechanically coupleable with said drive
string portion, for rotating the drill string;
a first wireless transceiver subsystem mounted on said drive
string portion of the drill string, for rotation in conjunction with the drill
string;
a cable, electrically coupled between the top joint of said
topmost wired drill pipe and said first transceiver subsystem; and

a second wireless transceiver subsystem coupled with said

uphole processor subsystem, said second wireless transceiver subsystem



bet ween t he downhol e equi pnment and a processor subsystem at the earth's
surface, conprising: a section of wired drill pipes conprising at |east the
upper porwoanofioshke string of drill pipes, and form ngPpratr/Use@sto3@oporti on
of a bidirectional communication |ink bgtween the downhol e equi pnment and
the top of the string of drill pipes; a drive string portion of the dril
string, nechanically coupleable with the topnost wired drill pipe; a drive
mechani sm mesdnarmuaidakivig Gidimdotishblly with saghfit dilrelessstarisegiveor ti on, for
rotating the drill string; a first wireless transceiver subsystem nounted
on said drivgslkidng portion of the drill string, for rotation in
conjunction with the drill string; a cable, electrically coupled between
the top joint of said topnost wired drill pipe and said first transceiver
subsystem and a second w rel ess transceiver subsystem coupled with said

uphol e processor su ste sai d.second wireless transceiyer .

subsyst encomuni cgt ?Eé Sbf?{rﬁ]rﬁ’ 8et e@ﬂﬁﬁ%}' W'Fh(?s‘é(ﬁﬁrqri‘ seid %q\!%fsg@gnﬁsomscei ver
subsystem 2. The system as defined by claim1, wherein said cable

conpri ses a PHPWAIYOfWieSwi res. 3. The system as defined by claim 2,
wherein said section of wired drill pipe has inductive couplers at the
joints of each pipe, and wherein said

3. The system as defined by claim 2, wherein said section of wired
drill pipe has inductive couplers at the joints of each pipe, and wherein said
cable is electrically coupled to the top joint of said topmost wired drill pipe

by an inductive coupling.

4. The system as defined by claim 1, wherein said first transceiver
subsystem includes a first antenna subsystem, and said second transceiver

subsystem includes a second antenna subsystem.

5. The system as defined by claim 4, wherein said first antenna

subsystem comprises a plurality of antennas.

6. The system as defined by claim 4, wherein said second antenna

subsystem comprises a plurality of antennas.

7. The system as defined by claim 1, wherein said drive string

portion of the drill string comprises a kelly.



cable is electrically coupled to the top joint of said topnost wired drill
pi pe by an inductive coupling. 4. The system as defined by claim1, wherein
said firswotwemsemever subsystemincludes a first antenmraTaisbeyssang and
sai d second transcei ver subsystemincl uzles a second antenna subsystem 5.
The system as defined by claim4, wherein said first antenna subsystem
conprises a plurality of antennas. 6. The system as defined by claim4,
wher ei n sai d secohdThatsystem ssisefioedyadaipr v sebemipbaidadriieymethamisennas. 7.
The system as defined by claim11l, wherein said drive string portion of the

drill stri ngoarnpmgé§a$otatihgItdame&vithTeﬁlReﬁwbwﬁth?fah@teédga@@s%id:kéﬂyﬁ 7, wherein
said drive nechanismconprises a rotating table wwth a kelly bushing that
engages said kelly. 9. The system as defined by claim1l1l, wherein said drive
string portion of the drill string conprises a top drive sub. 10. The

system as definedyb | &l Lh.said dri mechani sm gonpri ses a top
drive that engagg% gg%&g%g%ﬁg??gﬁhghng%%ﬂ1$hQH§§%Q§ﬂHé@“ﬁ@%ﬂﬁad by cl aim
7, wherein said driye stri portion of the drill string further conprises
a saver sub 'Q%QﬁﬁgéaﬂﬁQQ%QWQHWW§Q§QﬂQR)lW%ﬁUQwred drill pipe. 12. The
system as defined by claim9, wherein said drive string portion of the
drill string further conprises a saver sub between said top drive sub and
said topnost wired drill pipe.

10. The system as defined by claim 9, wherein said drive

mechanism comprises a top drive that engages said top drive sub.

11. The system as defined by claim 7, wherein said drive string
portion of the drill string further comprises a saver sub between said kelly

and said topmost wired drill pipe.

12. The system as defined by claim 9, wherein said drive string
portion of the drill string further comprises a saver sub between said top

drive sub and said topmost wired drill pipe.

13. The system as defined by claim 4, wherein an antenna of said
first antenna subsystem and said first wireless transceiver subsystem are
mounted at substantially the same position on said drive string portion of

the drill string.

14. The system as defined by claim 4, wherein an antenna of said

first antenna subsystem and at least part of said first wireless transceiver



13. The system as defined by claim4, wherein an antenna of said first

ant enna subsystem and said first wirel ess transceiver subsystem are nounted
at subst amDi2add0929Re sane position on said drive stringPponiscax/osads04 he
drill string. 14. The system as defined2by claim4, wherein an antenna of
said first antenna subsystem and at |east part of said first wirel ess
transcei versubsystem are nounted at respectively different positions on
said drive ssulisygtesoere orousted aerahpectivaly diffeyentlBosifidres ey saieidrie def i ned by
claim4, wherein said first antenna subsystemincludes a plurality of
antennas at sirih§ @oeiidn azthewdriledtripgsi tions on said drive string portion of
the drill string. 16. The system as defined by claim4, wherein said second
antenna subsystemincludes a plurality of spaced apart antennas. 17. The
system as defined by claim1, further conprising an electric generator for

generating el ectr] - ig.fins ransceiyve ubsystem said
el ectric generat oirﬁi E@%ﬁ&?{ﬁgﬁ 3@%?@%93’3 %%'Hiaﬁa‘@ﬁigfeé’bﬁ%gﬁgﬁ{a'?sfﬁHng s nount ed
on said drive strjng.portion of the drill stripg and a stationary generator
conponent th%{fbsiygeﬁ’gﬂﬁﬁé‘iﬁso@\pﬁ"@ﬁ%ﬁ@ﬁ&?ﬂ}"%"t 'ngfeaf agipwtalnasitigns i g. 18,
The system as defined by claim 17, wherein said stationary generator
conponent coPBRISkd Ve siiiRg Pertioregiibedrillmiinghe syst em as defi ned by cl ai m
18, wherein said rotating generator conponent conprises at |east one stator
coil.

16. The system as defined by claim 4, wherein said second antenna

subsystem includes a plurality of spaced apart antennas.

17. The system as defined by claim 1, further comprising an electric
generator for generating electric power for use by said first transceiver
subsystem, said electric generator including a rotating generator
component that is mounted on said drive string portion of the drill string and
a stationary generator component that is mounted on a stationary portion of

the drilling rig.

18. The system as defined by claim 17, wherein said stationary

generator component comprises a ring of magnets.

19. The system as defined by claim 18, wherein said rotating

generator component comprises at least one stator coil.

20. The system as defined by claim 19, wherein said rotating

generator component and stationary generator component are disposed in



20. The system as defined by claim 19, wherein said rotating generator
conponent and stationary generator conponent are di sposed inclose proximty
such t hatwoegeratipm2f | ux fromsaid ring of magnets crossesTdastaoemsosdheast one
stator coil. 2 1. The systemas definedo@y claim17, further conprising a
rechargeabl e battery charged by said electric generator, said battery
storing said electric power for use by said first transcei ver subsystem

22. The syst g@sapregihti divthat Aiaignéfic filik fioReBatiiY bmAagnats'@essggeabl e
battery charged by said electric generator, said battery storing said

el ectric po C{ r {%y | irst transceiver subsystem 23. The system
as defined \g)%élc %}i]%é@eo’ %\%gdrrg:loﬁ' sai d rechargeabl e battery is nounted in
conjunction with said first transceiver subsystemfor rotation in

conjunction with the drill string. 24. For use in an operation of drilling
an earth borehole using: adrilling rig, a drill string of drill pipes
having its generally Thsparstenisdeiiad Rasleim ddufrtgsicomirisingad suspendabl e
fromthe drilling rig, a drive string portion of the drill string,

mechani cal | y rechgrgeathe dalienhchdargetdyynsaid ethdttic generatarf saidikbtbryl | string,
and a drive nechani sm nechanically coupleable with said drive string for

rotating thesthringesaid elsttri@pewbhiordisel by sdid ifingh trahsegiiee Bubsyst@aner at i ng
el ectric power in the region of the drive string, conprising: an electric
generator that includes a rotating generator conponent that is nounted on
said drive string for rotation therewith, and a stationary generator

conponent that is e S | r (3 ft illLng rig, said
rotating generat orzgl'c)(%o @E&n%soﬁmem%‘q@@ﬁﬁtdc%‘?/%rct&%pqrs"%‘L’\
rechargeable battery charged by said electric generator, said battery

storing said electric power for use by said first fransceiver subsystem.

23. The system as defined by claim 21, wherein said rechargeable
battery is mounted in conjunction with said first transceiver subsystem for

rotation in conjunction with the drill string.

24. For use in an operation of drilling an earth borehole using: a
drilling rig, a drill string of drill pipes having its generally upper end
mechanically coupleable with and suspendable from the drilling rig, a drive
string portion of the drill siring, mechanically coupleable with the topmost
drill pipe of said drill string, and a drive mechanism mechanically
coupleable with said drive string for rotating the drive string and the drill
string; a system for generating electric power in the region of the drive
string, comprising: an electric generator that includes a rotating generator
component that is mounted on said drive string for rotation therewith, and a

stationary generator component that is mounted on a stationary portion of



in the region of said drive string. 25. The system as defined by claim 24,
wherein said stationary generator conponent conprises a ring of magnets.
26. The swetemmms29defi ned by claim 25, wherein said rot aCrng2@enariat or
conponent conprises at | east one stator2xoil. 27. The system as defined by
claim 26, wherein said rotating generator conponent and stationary

gener ator conponent are disposed in close proximty such that nmagnetic fl ux
from sai d rithg drillingaimetasd totaking gesaiatoratorparsant gnedstiag eteattac powdB8. The
system as defined by claim?24, further conprising a rechargeable battery

charged by saitHe egi6h lof saldiediRicadtfing. and mounted on said drill string. 29.
The system as defined by claim24, further conprising a drill telenetry

subsystem form ng at |east a portion of a comunication |ink between
downhol e equi pnent on the drill string and an uphol e processor subsystem

and wherein said tri ower f.ro aid. electric .ge tar | s adapted to
provi de power forﬁésglﬁl? @Fﬁ%\;ﬁ%c%?ffr@;a $¥ ﬁl%!'ﬁg%’ ’f"ﬁ‘&%‘ﬁéﬁﬁ?‘é‘i"%@& ned by
claim?27, further conprising a drill telenmetry subsystemfornmng at |east a
portion of HBHARCETNCHSNT PARPHEEHAdINAIIVARBNSequi prent on the drill
string and an uphol e processor subsystem and wherein said electric power
fromsaid electric generator is adapted to provide power for said

comuni cation link. 3 1. The system as defined by claim?24, further

conpri si ng: 26. The system as defined by claim 25, wherein said rotating

generator component comprises at least one stator coil.

27. The system as defined by claim 26, wherein said rotating
generator component and stationary generator component are disposed in
close proximity such that magnetic flux from said ring of magnets crosses

said at least one stator coil.

28. The system as defined by claim 24, further comprising a
rechargeable battery charged by said electric generator, and mounted on

said drill string.

29. The system as defined by claim 24, further comprising a drill
telemetry subsystem forming at least a portion of a communication link
between downhole equipment on the drill string and an uphole processor
subsystem; and wherein said electric power from said electric generator is

adapted to provide power for said communication link.



a system for bidirectional conmunication between a downhol e equi prent and a
processor subsystemat the earth's surface, conprising a section of wred

drill pip&e2eempsissi ng at | east the upper portion of thecstuszewgosdsodrill
pi pes, and forming at |east a portion di6 a bidirectional conmunication |ink
bet ween t he downhol e equi pnrent and the top of the string of drill pipes; a

first wireless transceiver subsystem mounted on said drive stri ng port I on
of the drill stridy, Thesystermas gafined byejaimc27,durthert ¢ompesidgial drilst ri ng,
said first wreless transceiver subsystem being coupled with said section

of wired dritelenéipesulzsystem semningd abiesst egsortioans aeionenuaichsys tigkn coupl ed
with said uphol e processor subsystem said second w rel ess transceiver

subsyst em casetwakaaiodwhihold SiipRidrn®oalthy ol ikrirRhAd femhr@hfo‘rf@oﬁ]ﬁic%

or .
transcei ver subsystem and wherein said electric powe salﬁ el ectric

generat or | %L%@??%ﬁqo erérl%iirPXaiaaélgctﬁ{: rﬁ%‘/vetrrfr%ﬁg%i\ﬁé%t?iggsééﬁqetg} ﬁgzr, ;or a

use in an opera dri ng an ear borehoL e | oubl o
drill strin ' ILts. gener al upper end. mec cal ly coupleable witl
and suspend%r)q}?(‘#@g)nﬁa&@%d‘?qui %%Eﬁ?%ﬁﬂ‘%‘ﬁﬁﬁ%@ equi pnment on the drill
string, a nethod for bidirectional comunicationbetween the downhol e
equi pment and a processor subsystemat the earth's surface, conprising the
steps of: providing a drill string telemetry system conprising at | east the
upper portion of 3Thelke systgmods deiingd py plesm 2% dutttioeméomgprging:east a portion
of a bidirectional communication |ink between the downhol e equi pnent and
a system for bidirectional communication between a
downhole equipment and a processor subsystem at the earth’s surface,
comprising a section of wired drill pipes comprising at least the upper
portion of the string of drill pipes, and forming at least a portion of a
bidirectional communication link between the downhole equipment and the
top of the string of drill pipes; a first wireless transceiver subsystem
mounted on said drive string portion of the drill string, for rotation in
conjunction with the drill string, said first wireless transceiver subsystem
being coupled with said section of wired drill pipe; and a second wireless
transceiver subsystem coupled with said uphole processor subsystem, said
second wireless transceiver subsystem communicating bidirectionally with
said first wireless transceiver subsystem; and
wherein said electric power from said electric generator is
adapted for use by said first transceiver subsystem.
32. For use in an operation of drilling an earth borehole using: a
drilling rig, a drill string having its generally upper end mechanically

coupleable with and suspendable from the drilling rig, and downhole

equipment on the drill string, a method for bidirectional communication



the top of the string of drill pipes; providing a drive string portion of

the drill string, nmechanically coupleable with the topnost drill pipe;
provi di ngwve 2deivae292echani sm mechani cal | y coupl eabl e wi t IrCTAiSdoodoBose4 stri ng
portion, for rotating the drill string;2%providing a first wirel ess
transcei ver subsystem nounted on said drive string portion of the drill
string, for rotation in con{' unction with the drill string; providing a
cabl e, el ecthatwapnyhe dapmnbale equipment apdjagyrecessorsaibdystepratthedri | | pi pe,
between said drill string telenetry systemand said first wirel ess

transcei ver eartisy sudace,aungrigivg thegteps o&cond wi rel ess transcei ver
subsystem coupl ed with said uphol e processor subsystem said second

wirel ess transceiver syoeMFIEE RN ERHY @ém@gygygbhggéﬂngﬂgigp%é%\é%é% sai d

first wireless transceiver subsystem™ 33. The nhethod a y claim

32 arther BETpEP bBRio S e SR oPiAlbBbE andorRgY by 1AG: A BBrfln e 4!

string, sensors for neasur pa erstrelating

operation, angd wherein signals fromsaid sensors are coupled with said

cabl e. 34. Tr?eg'ﬁﬁgﬁ@%ﬂako P’ﬁ'@ﬁg'%@/n]%‘f QPW{G@Q M@W'@&ﬂﬁlp&%ﬁ Y provi di ng
sai d sensors, conprises providing at | east one sensor selected fromthe
group consi dpe dep of the %téﬂﬁéﬁfgf'up@@énsor, pressure sensor, nud fl ow sensor,

noi se sensor, vibration sensor, torque sensor, acceleration
providing a drive string portion of the drill string, mechanically

coupleable with the topmost drill pipe;

providing a drive mechanism mechanically coupleable with
said drive string portion, for rotating the drill string;

providing a first wireless transceiver subsystem mounted on
said drive string portion of the dirill string, for rotation in conjunction with the
drill string;

providing a cable, electrically coupled, at the top joint of said
topmost drill pipe, between said drill string telemetry system and said first
wireless transceiver subsystem; and

providing a second wireless transceiver subsystem coupled
with said uphole processor subsystem, said second wireless transceiver
subsystem communicating bidirectionally with said first wireless transceiver

subsystem.

33. The method as defined by claim 32, further comprising the step
of providing, at about the top of the drill string, sensors for measuring
parameters relating to the drilling operation, and wherein signals from said

sensors are coupled with said cable.



sensor, and rotation sensor. 35. The nethod as defined by claim32, further
conprising the step of encrypting signals conmunicated bidirectionally

bet ween swododvmsio2wi r el ess transcei ver subsystem and sacu/use@emso4s r el ess
transceiver subsystem 36. The method as,gdefined by claim32, further
conprising the step of conpressing signals conmuni cated bidirectionally
between said first wireless transceiver subsystem and said second w rel ess

transcei ver subsystem 37. For use in an operation of drilling an earth
borehole using: a drilling rig, a drill string of drill pipes having its
general |y upper engh Mecha i . ne e fromthe
drilling rig, a d;sijtve st r?qar‘%ga%%}étol(\egﬂgg?’?t '@”ﬁ??’]\f’ﬁ@’%"fﬁg‘% Eﬁrg@%gni cally
coupl eabl e w . t st drill pipe of. said dri]Jl string, and a drive
mechani sm maéﬁéﬂ?’@ %%E)ggnmrgac&r%prp\ﬁq%rprgg@gm Igasiens ﬁ%”?cg'rse?%t%@i ng the
drive string.and the drill string; a nethod for generating electric power

in the regi odO5R the@roun GRNSiStiNg¢f,a tesPRRRYIrA§eNRer, fregauresengelbwidd ng a
power generating unit having afirst conponent that is nounted on said drive
string for miBheensorheeisisehsomnibratiavsensar, woges sensdrhaccagiationof sai d
drive string fromnovenent of said first conponent. 38. The nethod as
defined by clsansoBanduwbertieinnessrioll step of produci ng power conpri ses
produci ng el ectric power fromvibration of said first conponent.
35. The method as defined by claim 32, further comprising the step
of encrypting signals communicated bidirectionally between said first
wireless transceiver subsystem and said second wireless transceiver

subsystem.

36. The method as defined by claim 32, further comprising the step
of compressing signals communicated bidirectionally between said first
wireless transceiver subsystem and said second wireless transceiver

subsystem.

37. For use in an operation of drilling an earth borehole using: a
drilling rig, a drill string of drill pipes having its generally upper end
mechanically coupleable with and suspendable from the drilling rig, a drive
string portion of the drill string, mechanically coupleable with the topmost
drill pipe of said drill string, and a drive mechanism mechanically
coupleable with said drive string for rotating the drive string and the drill
string; a method for generating electric power in the region of the drive

string, comprising the steps of: providing a power generating unit having a



39. The nethod as defined by claim37, further conprising nounting a second
conponent on a stationary portion of the drilling rig, and wherein said
step of pwodugimngopower conprises produci ng power from pelratseas/osmvenent of
said first component with respect to saxgl second conponent. 40. The nethod
as defined by claim 39, wherein said relative novenent conprises rotation
of said first conponent with respect to said second conponent.

first component that is mounted on said drive string for movement

therewith; and producing power in the region of said drive string from

movement of said first component.

38. The method as defined by claim 37, wherein said step of
producing power comprises producing electric power from vibration of said

first component.

39. The method as defined by claim 37, further comprising
mounting a second component on a stationary portion of the drilling rig,
and wherein said step of producing power comprises producing power from
relative movement of said first component with respect to said second

component.

40. The method as defined by claim 39, wherein said relative
movement comprises rotation of said first component with respect to said

second component.



