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wells, and to the neasuring of downhole formation characteristics, and to
drill string telenmetry for bidirectional* communication of neasurenent and

control information between dowhhol e and surface equipnent, and to a
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string telenmetry and a surface processor. BACKGROUND OF THE | NVENTI ON The
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of measurement and control information between dowhhole and surface

equipment, and to a surface communication system for bidirectional

communication between drill siring 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 imporiant 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, {0 * 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
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pul se telenetry has well known Ilimtations, including relatively slow
comuni cavpam7idigsszdat a rates, and narginal reliabilitycr@seowsnsodsoad pul se
technol ogy is capable of sending MAD LW data at only about 12 bits per
second. In many cases, this rate is indufficient to send all the data that
Is gathered by an LWD tool string, or is |limting on the configuration of

a desired togl, string..ALS d I t echnol rk well in
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Al'so, under certain circunstances, for exanple underbal anced drilling
enpl oyi ng gasesgioal feliability. dCurrenhoud pulse technologytis eapablel deendingnet ry
cannot function. There have been various attenpts over the years to devel op

al ter nat i vesMWD/AW Dodaitaeattarieapbulyi2 bité per sedarsl. eln, mhay eases) liis rdte a
rates, and do not require the presence of a particular type of drilling
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acoustic waves through the drill string. ta rates are estimated to be
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limting, noise 1s-a pr e a yet becone
comercially vaj | abl e. Anot her ampl.e iis. el ectro etig telenmetry
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depends on characteristics, especial i@é resistivity, of the formations
surroundi ng frRe uphple ke dewnhele, Siygeauiinginwd sunpiiqwvyigisder to control

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

There have been various attempis over the years to develop
aliernatives 1o mud puise 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 exampie 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 siring are disclosed



The placenent of wires in drill pipes for carrying signals has |ong been
proposed. Sone early approaches to a wired drill string are disclosed WO
2007/ 019290 207016482006/ 030404 3 in: U. S. Patent No. 4, PRG&4A86/06h484 Pat ent
No. 3,957,118 and U S. Patent No. 3,807,502, and the publication "Four
Different Systens Used for MAD, " WJ. RtDonald, The G| and Gas Journal,
pages 115-124, April 3, 1978. The idea of using inductive couplers, such

as at the pipe . jaqipt S e oposed. | owi i scl.ose use
of 1 nducti vancats Belenutis, 4,325 RuBC B HESROT G abi 4 5Rd)) §oBkERy

Russi an Federation_published patent application 2140527, filed Dec. 18,
1997, Russi aNor%&@?aﬁ%and;m@wbhqua‘th}w Difierent Sysiomabseddar i1 ed Feb.
14, 1992, and WO Publication 90/ 14497A2, Also see: U S. Patent No.

5,052, 941, WWDPMehiMcDdenaid, 866 Oidhd Gas.Joeamalppades 115904, A6l 3,U. S.
Patent No. 5,531,592, U S Patent No. 5,278,550, and U S. Patent No.
5,971,072. T{@yg). S. Patent 6,641,434 describes a wired drill pipe joint
that was a significant advance in the wired drill pipe art for reliably
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conductive layer. The perfornmance attendant these and ot her advances in
the drill stpaiegtapplication 2140527, filed Dec. 18, 1997, Russian Federation

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

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

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 an 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 iosses

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 atiendant these and other advances in the drill string

telemetry art provides opportunity for innovation where prior shortcomings

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

performance.



telenetry art provides opportunity for innovation where prior shortcom ngs
of range, speed, and data rate have previously been l[imting on system
per f or mange.200/@120097/ 019292 PCT/ US2006/ 030404 4 \When a pamvEsdosyizodod pi pe
systemis used, it is necessary to have a conmunication |ink between the
topnmost wired drill pipe and a surface ‘brocessor (which, inter alia,
typically perforns one or nore of the followng functions: receiving

and/ or sendi ng da | ogai ng, L.nf.ornation. and/aqr. control .information to
and/ or from domhg@%@%%@ﬁﬁf& p@(ﬂfﬁtﬂ%?ﬁ Pse?)é{'ﬁdﬁﬁeﬁﬁa'é’& V&t% ons and
anal yses, and communicating with operators and with renote |ocations).
Vari ous appr 6XERESNIGHIRR iw@e@eggé@eé@pmogbwgeaﬂnummaaﬂ@@mﬂe@ri zed in
U S. Patent 7,040,415, including use of a slip ring device, and use of

rotary el ect prasessopfwhichs, ibtes adlaptypicatiy peiriormsronesar-raatd etttherfatiswimgmer
action. Aslip ring (also known as brush contact surfaces) is a well known

el ectrical chumetiohr rebaiiogandior sentiing Gatal RIYgirey infSintatdrs ahtn a
stationary wire into a rotating device. Typically, it is conprised of a

stati onary SeamRbIfioRfaliBh 8 aR8RK $0im HBWHHUR nd Sifth@ ohlicerion. Ot at i ng

conmponent whi ch rubs on the outside dianeter of a rotat metal ring

urns, the opedormbdBatifitadpd Anflyste ad fal dikaunbul Spfds ™
tati b h. th t ' Ki th tion. Rot | ectrical
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transforners, provide an alternative to slip rings and contact brushes
based upon c&¥aaQfivgtcthatasummartzed lﬁ@-&n(ﬂ’%@@tﬂ,gﬁ%ﬂ?& including use of a

slip ring device, and use of rotary electric couplings based 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 inio a rotating device. Typically, if 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 portion of a kelly joint). As the metal
ring furns, the electrical current or signal is conducted through the
stationaﬂry brush to the metal ring making the connection.

Rotary elecirical couplings based on induction (tr.ansformer action),
known, as rotary transformers, provide an alternative to slip rings and
contact brushes based upon conduction between rotating and stationary
circuitry, so no direct coniact 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.



circuitry, so no direct contact is necessary. The transfornmer w ndi ngs
conprise a stationary coil and a rotating coil, both concentric with the
axi s of wobedwme92Ei t her coil can serve as the prinmary MITYIcH2005/080400 t he
ot her serving as the secondary w ndi ng.SV\D 2007/ 019292 PCT/ US2006/ 030404
5 These types of approaches for surface Tomunication have certain
limtations and drawbacks attendant the use of conpl ex el ectronmechani cal

structures, and i typi | s ' provi de
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hazardous area, w thout the use of power carrying wires. Existing

t echni ques hav&esrior fidiraciignakbeoramuniqagionasX signals betvearnuihe tepmosthi ch are

powered by the noving drilling fluid, are relatively conpl ex and expensive
to bui |l d andwiredrdiiligipe andEhsunises pfocesdon avith ihpsroesd efficaitylsnddr obl emati ¢
when the drilling operation nust be interrupted for battery replacenment. It

I s accordi nglafiapiylg t he further objects hereof to provide a safe,
efficient, and reliable source of electric power in conjunction with the

rotating dri il S Rfier SMMARY o ol MUENTL Rlehherta g " ecoun zed

that wirel ess surface co cation co
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 driliing rig, a drill string having its generally



be used for conmunication between a drill string telenetry systemand a
surface processor (see, for exanple, U S. Patent No. 7,040,415). However,

t he mannayoizeoywheol this can be advant ageously achi eved poagiszomstosésy et of or e
been realized. A formof the invention is directed for use in an operation
of drilling an earth borehol e using: a@rilli ng rig, a drill string having
Its generally WO 2007/019292 PCT/ US2006/ 030404 6 upper end nechanical ly
coupl eabl e wi th and, suspendahl e fr he. drillin ri g, and downhol e

equi prent onUPRRY €Y meCE'f’*PI‘ﬁgY Cﬁue@gbmltg W&H%@Bdﬁg‘? f“HPJﬁ?gg‘p’PSnal
communi cati on between the downhol e egui pnent and a PI‘O(}ESSO[ subsyst em at
the earth's H@rangtdowpbale eauipgentondae o sgings Asysteda i prayigeskiotonpri si ng

at |east the upper portion of the string of drill pipes, and formng at
| east a por t bigirectionalwodimanicatonbebween thecdownholei eduipraenieand at he downhol e
equi pnent and the top of the string of drill pipes; a drive string portion

of the drillpmicesser subzyBiim e ithe eanhel frfdice, Bbinbribing: L0888 ofWked drill
pi pe; a drive nechani smmechanically coupl eable with said drive stri ng

portion, f OfdﬂIPb@bb%nﬁ é&? ol lealt fe'Gopdt ddriish fo‘f"'ttmegét‘gﬁ@lcffrcg{ﬂﬁﬁﬁéé’,er

subsystem nounted on the drTve stri n_gI portion 9 I I'ng, I }‘or
coupl ed bet B RO B Tbats hdrfn 8 iRl Pl ok beRerte

first transcgiver suhsyste and second. Wi rel ess .transcei ver subsystem
Coupt ed w ¢ B W o bealit e araiamsiinmotealapos: » srives

transcei ver subsystem conmmunicating bidirectionally with the first
wirel ess tralEipgipasiion ghtssddhsiringamachanically epupleable with ithe tepmosig”
portion of the drill string conprises all

wired drill pipe; a drive mechanism mechanically coupleable with said drive
string portion, for rotating the drill siring; 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
fop 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



subs, kelly, top drive, or the like that are connected above the topnost
drill pipe of the drill string. In illustrated enbodi nents hereof, the

t opnost advobkeo7opeee is al so the topnost wired drill pi pecwfuskéne/ososnd |
string.] Although, in sone circunstance?, a single wire could be used, in a
preferred enbodi nent of the invention, the cable conprises a plurality of
wres, such as a wre pair. In a formof this enbodi nent, the section of

wired drill iéf?inﬁfhﬁti\}é‘ggtg’?ﬂerﬁtﬁl%klﬁﬁ prétbrbBrhigbdierebf aachventih, and the

cable is electrically co ot p joint of said topnost wired drill

pi pe WO 2007/ 0 PCTI / Ver ' t) L Al'so, in
a pref erred%?rﬁ%i?’%@ﬁ%gg%ﬁ@gﬁ%%gﬁgélgﬂgs %Iff{gp?*tggﬁ gttsrl‘l éﬁg%tgwgbagﬁﬁsyst em

i ncludes a first antenna subsystem, a‘n the second transceiyer subsystem

i ncl udes a S$EEORY UAREERINEY §B‘B§S§§‘?f§rﬂ‘°” %ﬁﬁﬂmﬂa@ St RYR stens can
conprise a plurality of antennas. The antennas can be at different

azi nut hal pdeaah efitbewintenna spkeysters cas comprise & PlUrally of ANENNASAHHNE nent  of

the invention, the drive string portion of the drill string conprises a
kel Iy, and igntentias carobe tahidifferehbazimestihal gdsiticnhsi with resdpeichtp therdriven of t he
drill string further conprises a saver sub between the Kkelly and the
topnost w regigkill pipe. In another enbodi ment of the invention, the
drive string portion of the drill string conprises a top drive sub, and

t he drive nechani (o) ' ' SRS ; rive sub.
In a form of thigﬁgkgﬁgﬁhgﬁﬁﬁm?ﬁgq@?ﬂb%yﬁPbP%% portlgﬁg fﬁ¥’gaupﬁ|| string
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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



In an enbodi ment of the invention, an antenna of the first antenna
subsystem and the first wirel ess transceiver subsystem are nounted at
subst ant ivab keo7tohezozane position on the drive string porecersedostbmogr il |
string, and in another enbodi nent, an agtenna of the first antenna
subsystem and at least part of said first wireless transceiver subsystem
are nounted at respectively different positions on the drive string

portion of t 1] ' | f f the
vent on, af Skislary Bbheffor cotBGRGRIARER tibbitsR orthshlonkl Bhiondte pover
for use by the first . transceiver, subsyst.e t he el ectrjc generator

i ncluding a %@'[*%”geﬁ%ﬁat%pbo@m%‘gﬁﬁ?lsgﬁa@ o @%Mﬁ?w’ghet he drive
string portion of the drill string and WO 2007/019292 PCT/ US2006/ 030404 8
a st at i onar ySig¢iaBaBt Genarates Sesmonamd comprises s g ehmagsets, apddhg portion of

the drilling rig. In an enbodinent of this formof the invention, the
stati onary gmtatiag genemiposremponemisunseEisas ati legstadnenstgtortcojl. Jing t he
rotating generator component conprises at |east one stator coil. The

rotating gengsiafifg gensReGCImpOteitiaiid StaaoNaguteicraor coRifRBANAIAT €
di sposed in close proximty such that magnetic flux fromthe ring of

magnet s Cr03§&pﬁ53&iﬁ&lokégﬁéxiﬁﬁ§v SUch! Rkt ﬁf&irg@etigﬂag%h &feaﬁhl{éﬁf and

advant ages of the invention w One i readi 'y appart fromthe
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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, pariially 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.



enployed. Figure 2 is a diagram partially in block form of an existing
scheme for bidirectional wreless comunication between a surface

conmuni cavoam7maedzand a surface conputer. Figure 3 is aCTUsI®sHemD4 onal
schematic diagram partially in block form of a bidirectional surface
comuni cati on subsystemin accordance W th an embodi nent of the invention.
Figure 4 is a cross-sectional schematic diagram partially in block form

of a bidirectional, surface conmuni.cation subsystemin accordapce, wth
anot her enbodi men 'Qer%r‘%ﬁ%@%ﬁ%‘f?ﬂa\b\é&mﬁ%E'@%@mpéﬁr&@%zmg}%@ﬁmm 9
Figure 5 is a cross-sectional schematic diagram partially in block form
of a bi di recfprmnafa@ﬁtm@@n@mmnm%@pmstﬁnamme with a
further enbodi ment of the invention. Figure 6 is a cross-sectional

schemati ¢ diwigs arfurthar embbldimanmt dfltbe invendiom of a bidirectional surface
comuni cati on subsystemin accordance w th another enbodi nent of the

i nvention. Fi gur eFiguies6s diorassistionan seh@nhfic SickPURY, pHARAYH blRgksubsyst em
in accordance with an enbodi nent of the invention. Figure’8 is an expl oded

W ih an enbadmapd BiifcBoRal Slrfacs i ARAEGY < B SURT s PO enee
Frgures 7 e anpe et of R i libod: ment of the i nvention.
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 schematic diagram, partially in block form, of the

electric power generating subsystem of Figures 7 and 8, in accordance with

an embodiment of the invention.

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 afternatively
be mud-motor based directional drilling, as is also well known.

A drili string 12 is suspended within the borehole 11 and has a
bottom hole assembiy 100 which includes a drill bit 105 at its lower end.
The surface system includes plaiform and derrick assembly 10 positionad
over the borehole 11, the assembly 10 including a rotary table 18, kelly 17,

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



DETAI LED DESCRIPTION FIG 1 illustrates a wellsite systemin which the
present invention can be enployed. The wellsite can be onshore or
of f shor e.wOnoa#u18292exenpl ary system a borehole 11 is facmas2006/03mb$ur f ace

formations by rotary drilling in a manner that is well known. The drilling
could alternatively be nud-notor based®irectional drilling, as is al so
well known. A drill string 12 is suspended within the borehole 11 and has a

bottom hol e ;assepbly 100 ich includes a drjl] bit 105 at i1s.] r end.
The surf ace 1858 Umanetoided Synesd il Sirrmertich etabgenihd kel Fraf e

over the borehole 11, the assenbly 10 including a rotary table 16, kelly
17, hook 18Jmmar@lt@fﬁbe§wlmn91§%e1¢fdl %trin9|12§§rsuﬁger1@e$/ Homilpeh by the
rotary WO 2007/ 019292 PCTI US2006/ 030404 10 table 16, energi zed by neans
not shown, we8,ditachgddes travelikgblgoki(alsa notrehowm) piwoeghl tref kellyel Hand |

string. The drill string 12 is suspended froma hook 18, attached to a
traveling blppitakpinePs wHisHP mitdorasn ofekdril stridd relative to thet ary swi vel
19 which permts rotation of the drill string relative to the hook. As is

vel 1 knowun. fhdiePAZid el RUSHATE TG Uflve sheeiPbovalaitehfaiiaffbe LiBeghe exarpl e

of this enbodinent, the sur air:% system furt ~includes“drilling fluid or
ud, 26 stored 10 B B bl Slelfipt Bl ing by dytiigpel L vers the
String 12 adnPaes Ardipos) s ek niid 28 efoshain By BRGNP Al Afa
exits the drill string 12 via ports in the drill bit 105 and then
circul ates RiwRH gelversihgndriltieg Huid 26t thegntssiop of {ecdrill singi%yia@ of t he
aritl str ngport in the swivel 19, causing the drilling fluid to flow downwardly through

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

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

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

and the wall of the borehoie, 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.



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 fwomadmgmeguttings up to the surface as it is recwmuseastososhe pit
27 for recirculation. As is known in t art, sensors may be provided
about the weilsite to collect data, preferably in real tine, concerning
the operation of the weilsite, as well as conditions at the weilsite. For

exanpl e, such surfgpeevdpmacifie 1204s BBuBEe W defetil fpasitdrilivlianeisiss such
as standpi pe pressure, hookload, depth, surface torque, rotary rpm anong

ot hers. The I Il Infent

I ncl udes an @m@ma@% %Fjgaﬁﬁ : §°'ﬂtgg‘g%%baﬁiq’%{a§§’f‘fﬁrﬁg’m%$%dm e 120, a
measuring-while-dril|in MAD) ..nodul e 130. a roto-ste em and

mot or 150 }A’S'Pgaﬂge"@f’koréegoﬁ“?‘i)’ e goovEREF 8?‘?’199%0%95_‘@%‘3%3’0%%%19292

PCT/ US2006/ 030404 = 11 The LWD nodul e 120 is_hous§§ﬂj&r}, a sgeci al, type of
drill coll arAppkeation SerialiNumbehe art — and [l % iTied REeYRN Qaﬁyural ity
of known types of logging tools. (See also the above-referenced copendi ng
U.S. Patent heéwemiihcatd assiGeed i thausene askignee s ibepresent applisatierupn dat e
herewith and assigned to the same assignee as the present application.)

The LWD nodufRe iLR¢DUHeguIeanRcibtés tapabiliifys foe asetsunag, provessimgngndand
storing information, as well as for conmunicating with the surface

equi prient . T yhYhfSREien A wbll 8k \8PeotRiurfeRigl With itsatageore of the

foll ow ng types l"'oggi ng devices that measure formation characteristics:

a resistivity AR thelSHDF oot Pl 2 or Seinibib bk of it oh Btk devi ce,
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.



soni ¢ neasuring device, a nuclear neasuring device, a nuclear magnetic
resonance neasuring device, a pressure neasuring device, a seismc
measur i ngvaew7aa2an i magi ng device, and a formati on samgiiusgowd®sesoe. 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 of the drill string and drill bit. The MAD tool can further

i ncl ude an appar anube (©9stens bbWiguré d; aghillestang tdeetytaystah ipempioyied t he
downhol e system This may typically include a nmud turbine generator

powered by tmchlmvvhefmddw%téa bmbd&mnéhwc@mr@igbewgm&mﬁrm&% nd/ or

battery systens may be enpl oyed can i nclude r exanpl e,
one or nore I f t-on-bit
measuri ng deé\ﬁugﬁﬁ“ﬁrggrdﬁvﬁﬁ%asuﬁitﬁ% eﬁ@ﬂﬁwg§g§¥g§%§ﬂ 1%(;?\,@ ng devi ce,
a shock neasu St meas Vi e | rection
nmeasuri ng déo{eé%% asr\’:ﬁ’ ﬁfp lr% QR}FQ%#%E%%WUW& %’@'”Q/@‘ﬁig?ﬁolgzgz

PCT/ US2006/ 030404 12 In the systemof Figure 1, a drill string telenetry
systemis enpfigging thmiee@ih oirthe leilljsinings rrelay sybsrassapaslers cadhpri ses a

system of inductively coupled wired drill pipes 180 that extend froma
surface sub r8sided atrintervaigir teestdng of Wiredndrilheipbs; amexampie bseisgnbl v.
Depending on factors including the I'ength of the drill string, relay subs

or repeat er sreppsseited AE 982dqthedbldyELRisy Mhich dan AR pRIVIdEd withed dril |
pi pes, an exanple being represented at 182. The relay subs, which can al so

Coooner g5 by A TaNe, SO SBOTEIUBb A RIS . PLECC,
even Patent Application Serial No. (file 19.0410/11), filed of even

date herewith, and assigned {o 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

LI



date herewith, and assigned to the sane assi gnee as the present
Application. The interface sub 110 provides an interface between the
conmuni cavoansr/adeui try of the LWD and MAD nodul es and POTaiSded6ioBo494 r i ng
telemetry systemwhich, in this enbodi ngnt, conprises wired drill pipes

wi th inductive couplers. The interface sub 110, which can al so be provided
with sensors, is described further in the above-referenced copending U S.

Pat ent Appl itnelalauiropidd 6 a ansédiviead B QdLBsHLON tAS kellyg or ofharfpdrhel Wi red
drill string, a further interface sub 185, can be provided, and serves, in

this case: AoRUStAiE il Aodesbe I il 1, Uo7 Pal ent

7, 040, 415, e wre pi pes can be cou ectroni cs subsystem

that rotates_w . | ncl t el na t hat
conmuni cat e 'ﬁgﬁhg%‘?ﬁ%'ﬁ’a‘i}‘?@%ﬁt%@ﬁggﬁ’ﬁ% e&#ﬁ%&aﬁ@%&?@gﬁ @%q%;ggi ng and
control unit 4 whic in the present enbodi nent,  enbpdi es, the uphqgle
processor s AE§RAZ ﬁPfhethsams CORIFR! qmtgof\pcqrﬁiglg‘?y, ﬁgﬁ WQ@@”@?SRPgS can
conprise a wired saver sub (to be described), and WO 2007/019292

PCT/ US2006/ 05gues! piovidesagiosynuoicatien iink from theslogpingrarsbeontretdinit4d on t he
kelly, or other part of the drive string, as wll be described. In Figure
1, a communithedughncdmmiunicabionilimksidite imsudadd gulddBse therdugie the wuiret il

el ectroni cs subsystem 30 and antenna of the | ogging and control unit 4.

Accor di ngl y, pip8 eel6ATaltyEYstErh Ol @dwniTdle Wit rfac@avi Afthe sehpbmeriaiofon | i nk
fromthe |logging and control unit 4 through comunication link 175, to

surface sub thEhortft AHA LMY bRA, dish! Ine RivBRd FlefaB fof AR @Bhal ©

downhol e interface conponehts o
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 inlerfaces 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-
muttipoint or multipoint-to-point. The wired connection inciudes 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, zighee or any non-standard BF 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

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



the bottom hol e assenbly and, also, the reverse thereof, for bidirectional
operation. As described in the referenced copending U. S. Application Serial
No. (fil ewG20@416eil), while only one | oggi ng and contr @CT/Us20d6/0404088 One
wellsite is shown, one or nore surface units across one or nore wellsites
may be provided. The surface units may Ke 1inked to one or nore surface

I nterfaces. using a wired or wirel ess connection via one or nore

conmuni cation i . The, conmuni cat i on _t opol tween the surface
hterface and t hd 00 28085 BebR dtiaie Bl s B S PEESs bfsedh!

mul tipoint or nmultipojnt-to-point. The wi red connection includes the use of
any type of %@?Nﬁ@”ﬁﬁl%@n@imﬁt ey be usedder Blegelgelprics S0r9fdTigune her net
etc.) and optical fibers. The wirel ess technol ogy can be any kind of
standard wiRelegencacamalsode inadetiodh o Padgnt 040,446, 1Asignabizomito
specification, Bluetooth, zigbee or any non-standard RF or optical

comuni cat i ahe incudiivel cogiplaroinige eapy jdintraf topmaetiwiretiidvilt pisd feoupledh as FM
AM PM FSK, QAM DMI, OFDM etc. in conbination with any kind of data

mul ¢ pl exi nayhis aADIPORGRENE P Ho SYDPIMIieRIY iSO ldupliR07/ 019292
PCT/ US2006/ 030404 14 Figure 2 shows a block diagram of 'a type of wreless

of Figure 1. WiER MR 231 /A BaGy T d p e SR BB P AR TS A < gnal

& Coupl ed " RIPVEA TBOWRS dBm Mok uBsB Beles Seretati Maans, WhEBINEY wi (-
Wi rel ess m)Olléaemmzc'?;el 'préA\\‘elrjr?atciE eeu[eydggcorib%rt]:idhcfrg}l}a%relgvap q'lh%/a lgggingra%daégn%rol
unit also has, for example, a transceiver with a wireless modem.

The WDP surface modem is adapted to communicate with one or
more modems, repeaters, or other interfaces in the downhole tool via the
wired drill pipe telemetry sysitem. Preferably, the modems provide two way
communications. The modem communicates with another modem or
repeater’ 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 muiti tone (DMT), etc. These
schemes may be used in combination with any kind of data multiptexing
technologies such as Time Division Multiplexing (TDM), Frequency Division
Multiplexing (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



provi ded to power the nodens. O her power generating neans, which may be
nore preferred, are described hereinbel ow The |ogging and control unit

al so has,wéaoo7igmapl e, a transceiver with a w rel ess noe®emYUSToNS/080@P4 sur f ace
nodem i s adapted to conmunicate with one or nore nodens, repeaters, or
other interfaces in the downhole tool Vi% the wired drill pi pe telenetry
system Preferably, the nodems provide two way comunications. The nodem
conmmuni cat es th anpt her or ater..or. oth ub located in the
downhol e t 0§ rﬁﬂwcﬁf%"ﬁnq@) H]t"%ﬂre@rﬁf%e% ? %&E’ﬁéﬁfﬁﬂ“&&%@%’ may be
used, such as phase, freq ency shift keying (FSK), quadrature phase

shi ft - keyi n@n@ %J%CW@Wf ala&ansisp beuilizagd Gashi Wi anRgve is swWiet e nul t i
tone (DMI), etc. These schenes nay be used in conmbination with any kind of
data nul ti plagienmp(s) andfoosbaleekarenhass Tie emt@indscamblprovigedatng (TDV)
Frequency Division Miltiplexing (FDM, etc. The nodem may i ncl ude

functi onal i toptifrsm tiddtionpiape with aptiesi oAeAatiods 1 Atb@mizeddigialagnosti cs.

Al t hough a single surface processor is depicted, it will be understood
that plural sgehEAEND GRS TSmmiuhid f f d&%ﬁ ts or
ot her forns, cgn be gr o@t?ded at dllvdglr%ggalfgacrgtr?@%ggl i wlﬁggdwd/or

W rel ess nderstood t hat any of

t he nodes oPgﬁgﬁésﬁﬁgww6@9@6%‘%@8’1‘3?3#'}’%{ &L;m'runi cation nmentioned
herei n can, be ut| |zeﬂ3 nd t hat CQ&R} r§ and/.or .en raﬁtlon of data can
2l so be ut’ |1 zed FIGHER SAPWS ERETA e inRntoR it eictasBeohar oo
antennas. The antennas can be provided at optinmum]|locations and W th

opti num or i SAYVEE W34 ds mtdﬁcgbety\reﬁm’qhe 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 348 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
subsystem 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 siring 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



strength and quality. Comunication to/fromrenote |ocations, including
communi cation via satellite, can also be inplenented. Figure 3 shows an
enbodi merwo ado7tolne29z nventi on in which a special saver s®EoTAZ0G603@0HVI ded

bet ween the kelly 350 and the topnost wiged 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 topnost wired drill pipe. A

cabl e 315, WmRiihestypesd couplingat ieuotrits eoulnlalteanatdaly bexisesl, hemyer sub
340 through a sealed port, and runs externally of kelly 350 to the

transcei ver asddethenerdBodindrits "The epogiabtop éutnaa SvhidB s nSurtdle exi t

position of the cable on the saver sub 340, a connector 346 can be

provided. TegouaRefly 480Nt GrIPHHb n his!Bin|eShedap ip sea! ed

in a groove in the kelly an or exanp be protec by "an" époxy or peek

' . . | ded b '
Cubsyst em el 2oL ERAREE EShpP 3t NG ot el of ekl BB i pai 1
ntornal o) SRS AT thE wiaigeS ranssaies SbYHg 18budes a speci al top

sub 470, above kelly 450, on which the wireless transcei ver subsystem 430
i s mounted. | n alhéhaEsamplassoidhs embrdimentshof Eiguees 8 @ndsdhandraiéss kel |y
450 each have inductive couplers at both ends, with a cable (again, and

t hr oughout , tianeteivabsybsysiémdilegirenics, emsswelh avithe apsocidtedastegnaspd 441 and
451, respectively, running between the ends of each. It wll be understood

WO 2007/ 019282 irP6A¢ JeRBRA163AIR%YN §e dMal siBhhPorkiomepirf dmpstﬁh'ggsut?t t he
joints could alternatively be used, here, and in other enbodi hents. The
speci al  t opitsil b GhdetBidd that PRMEbPEI 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



above kelly 450, rotates with the drill string. In this exanple, the top
sub 470 has an inductive coupler at its |lower end, and an internal cable
471 thatwooeleesoni th the w rel ess transcei ver subsyst @GTABRN06/08040he
exanpl es of the enbodi nents of Figures By and 4, the wireless transceiver
subsystem el ectronics, as well as the associated antenna(s), are in one
general location on the drive string portion of the drill string, but, it
wi |l be und&SiBENRERSYMS desnribgd alifver Hedesieed, tba biditectional lidnt | guous or
separated antenna(s), can be at a plurality of |ocations. For exanple, in

t he enbodi mb@iweén Iéiegpjlmicfs 530 apdantdnrei(s)/eleetronies 536 dam 4 gyed  bet ween
saver sub 440 and kelly 550. In this exanple, the saver sub 440 has

i nducti ve cligiizs sighaR ol thNembanért Eru\ﬁFr‘be‘MHdef’&oé&?hét’}hg'sﬂBrs%OA') and

the special surface sub 590 has an inductive couple ts Iower end, with

%R?E”Z'xa“#p{dg% REARIAT SePimad i%egérkﬂ%@éfé%éhfﬁwe i esiBene 3°$r'2t b
550, An Qik&rﬁé;ﬂ%% ﬁHf&%aﬁt%Bﬁ%@@?%*ﬁcseﬁﬁi»?ﬁ > above He 616! evehnoun 1 n
t he above ferenced U. S. Patent plication Serial No. (file

19. 0410/ 11) igureshews plaliantenpas mttrﬁtatamfdﬁgll@ﬂmaé B wihbesane

assignee as the present application. In the present enbodi nent, the
antenna(s) 5BSe(siaad that armuthally radwadant@anternashen ﬂBm:taMQednm stringoni cs)
are nounted on the kelly 550 and coupled with the rest of the el ectronics

530 via cahlibniigimindidehd dpotd bi weakepdid®ithe virdiess fille TREGhAle BuUb 590 at
a sealed port or connector, and can be carried in a groove in the kelly in

the VO 2007/ppiddae toihd s @nisiiiRbnis “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,
coupied with the topmost wired drilt 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 680. 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



same manner as was descri bed above. If desired, the bidirectional |ink

bet ween el ectroni cs 530 and antenna(s)/electronics 535 can carry a

di giti zedveizgntaio2okn this enbodinent, it will be understquarstéoatostsne sub
590 and a portion of kelly 550 nay beignder the level of the nmud at | east
sone of the tinme, but the antenna(s)/electronics 535 will be above the nud

|l evel. Figure 5 shows plural antennas that rotate with the kelly, as it
wi |l be unitensteivst subsystem G0tdral/dnfor ethevdgplicativrenradhisn t he rotating
drive string wll mnimze dead spots or weak spots of the wireless |ink.

The sane i SermaRirh6Ab hembgnétngY G bperited asenétationdyQerdraionl ant ennas  of

the wireless transceiver subsystem can be advantageous. Figure 6 shows an

O L TE s mbbfiehfRD I MBuhRl 78 iftioreRY pUff Grindidiitiy 4GP of | ve, 50°.

In the Figure a saver sub t opnost w red

drill pipe 181, has .inductive couplers at,. h en n by cabl e
291, ab |n (GRCARRHIIBs el Euhalntnd SRR 8 el B8 oR g, T <
provi ded between the top drive 605 and saver sub 440, and the w rel ess
transcei ver Astisigatauh 0 (Whichimay, TeheamBlenbeiane gl ihe s oS Pp drive
sub 690. Also in this enbodinent, the top drive sub has an inductive
coupl er at Figures @) inclugdes arstaion7@br{kigused Bareb), recitfiier 726, charginthe

i nductive coupler to the subsystem 630. However, it will be understood

that an ext girewit 722 el ruhladgedite batidriea 328 (Figues B),omhich airewised, imésrt , or
that the electronics and/or antenna(s) could be split, as in the Figure 5

enbodi ment . afth orar Eéwériﬁg?ﬁ@Wré@ra?f%E@ﬂb%%sy&erﬂ Jor mhebidiber2mnast i on
wherein a safe anhd relTable source of power is provided on rotational

conponent s ap £heowelibici icbfis, NI R bR HSAth tHeFhaGREIRAG arddisRRWer the

wi rel ess

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 ouiput 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 subsysiems 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 o those skilled in the art. For example, although

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



WD 2007/ 019292 PCT/ US2006/ 030404 18 transcei ver subsystem 30 and/or for
other applications. In this enbodinent, a nmagnet ring 710 operates as a
st at i onarwogevangxoer conponent and i s nmounted on a st aPCFAR206{68D4 on of
the drilling rig represented at 705, fi@r exanple a nounting adjacent a
kelly or a top drive. A surface sub 720 (which may, for exanple, be one of
the surface subs of Figures 3-6) includes a stator 725 (Figures 8 and 9),
rectifier 72@blisgantpmagl and/oreaxientd mounting efapertiges bf thebaleckonies, (28
(Figure 9), which are used, inter alia, for powering the first transceiver

subsyst em 3@f alfavestsab(s) a?ﬁﬁoﬂ‘@r%crﬁi%rhbe@b&)?ém at willthé andéstesnul arl y
aligned with the magnet ring, and is in close pI’OXI mty therewith so that

flux from t hRaf&BBEEombilh: Hn%%?éi)dsgﬁlé)aﬁd aﬁée ghtef e;ﬂéi%’o%rti‘ﬁﬁ'thé of the

stator 725 as the stator 25 rotates wt string portion of the

ar ranged wi LFOREC é*ﬁ%?%ﬁrgfh%&"%rd%‘-é@bsrﬁﬁg AR by @%"%[ﬁ%?éfﬁ"“‘?ﬁ‘?ﬂﬁ} Che

stator is rectified fle £ out put. o rect
current thatON%sPiE l'ﬁ gF'Eﬁ{}tngfﬁ ?tﬂés‘dﬁlﬁ?ﬁmof “(Mﬂ:’ in
turn, charges rechar eabI e batterr es 728. In an enbodi nent her eof, the
batteries pdrepgrired thatathes fosmesy drifl avinglalemetubay sxampipbeigd can al so
power other circuits, such as for nmeasurenent and/or conmuni cation. Al so,
it will be aubeste ddtl strivgg teldmeivyt gart belisedgnodtieh shee adraristuceect i fi er
could, if desired, be used for directly powering circuits or subsystens of

the equi pnesiibsy Jioen be@?r@ﬁdBé%ﬂW@mpﬂ@F@rﬂl SeAgeleiaiROaIsEysRem teuTber of
parti cul ar preferred enbodi ments, but variation within tthe spirit and scope
convert toffrom electricai signals. Also, it will be understood that other
technigues which make use of motion of the drill string, including rotational
or vibrational motion, can be used {o generate power in the region of the

drill string.



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

al though Figures 3-6 show various conbi nati ons of couplers, internal and
external WD 2007/019292 PCT/ US2006/ 030404 19 cabling, internal and/or
external mounting of portions of the electronics, use of a saver sub(s)
and/ or special surface sub(s), etc., ?b wi |l be understood that other
conbi nations are possible and are contenplated within the scope defined by
the clains. Also, while a wired drill pipe subsystemis one preferred
enbodi nent of a drill string tel emregpaiggbsystem it will be recognized
that other fornms of drill string telenetry, an exanple being acoustic
drill stry tkghﬁ ¥, can be used, in which case a transducer subsystem
can be provided at the top of drill string telenetry subsystemto convert
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coupl eable wi th and suspendable fromthe drilling rig, and downhol e
equi prenton ohet BEll dslring, & rgyatem afosykidiastional rammapiceien betwesinteat i on
bet ween the downhol e equi pnent and a processor subsystemat the earth's
surface, dewnimleseggipment and a processor subsystem at the earth’s surface,
comprising:
a section of wired drill pipes comprising at least an upper portion of
the drill string and forming at least a portion of a bidirectional communication link
between the downhole equipment and a top of the drill string;
a drive string portion of the drill string, mechanically coupleable with
a 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 at a position above the floor of the drilling rig, for rotation
in conjunction with the drill string;
a cable, providing communication between wired drili pipe and said
first transceiver subsystem; 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.



a section of wired drill pipes conprising at |east an upper portion of the

drill string and formng at |east a portion of a bidirectional

comuni cation |ink between the downhol e equi prrent and a top of the drill
string; a drive string portion of the drill string, mechanically coupl eable
with a topnost wired drill pipe; a dnive mechani sm nechanically coupleable
wth said drive string portion, for fotating the drill string; a first

Wi rel ess transcei ver subsystem nmounted on said drive string portion of the
drill string at a position above the floor of the drilling rig, for
rotation in conjunction with the drill string; a cable, providing

conmuni cai : ik ] [
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uphol e processor subsystem said second w reless transceiver subsystem
comuni cat' ' %j bidirectionally with said first wirel ess transceiver
subsystem 21 2. The system as defined by claim1l, wherein said cable
conprises a plurality of wres. 3. The system as defined by claim 2,
wherein said section of wired drill _pipe has  inductive, COUPiIIIe'rS at the

joi nts of 3edBR SYSIsE agslefingd Py caImZ.JvheBInesaid seetion of wised ¢rill pEMaY to the

top joint of said topnost wired drill pipe by an inductive coupli ngb 4,
The syst eindustiveedauptars iy the jgints of eaglepipenardndierein said eable iscelpetricalibsyst em
includes a first antenna subsystem and said second transceiver subsystem
i ncl udes eoupdabtudthartop fvist of gasd/ pemst Wiredhdzillpipe byrmadndletivaedupling! ai m 4,
wherein said first antenna subsystem

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.

8. 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.

8. The system as defined by claim 7, wherein said drive mechanism comprises a

rotating table with a kelly bushing that engages said kelly.



conprises a plurality of antennas. 6. The system as defined by claim4,
wherei n said second antenna subsystem conprises a plurality of antennas.
7. The system as defined by claim1l1l, wherein said drive string portion of
the drill string conprises a kelly. 8. The system as defined by claim?7,
wherein said drive nechanisn1conprise32a rotating table with a kelly
bushi ng that engages said kelly. 22 . The system as defined by claiml,
wherein said drive string portion of the drill string conprises a top
drive sub. 10. The system as defined by claim9, wherein said drive
mechani sm conprises a top drive that engages said top drive sub. 11. The
syst em asq ded, | 2k i i g i i at he
st g M oerh aS BN oy ML WG A B e st gRoh f ot
defined by, .cl ai [ jd drive string portion of the drill string
further ctﬁﬁbgggkﬁae%23é§dﬂﬂ%ghgtmeen said top drive sub and said topnost
wired drill pipe. 13. The system as defined by claim4, wherein an antenna
of said first antenna subsystem and said first wireless transceiver
subsystem are nounted at substantially the sane position on said drive
string potQi dhesystenrag defined py iclagim Savheraia said dEwe mechenisALaOBPrieesii m 4,
wherein an antenna of said first antenna subsystem and at |east part of
sai d firsatop divethat engagrscsaid topsdibed/siitem are  nounted at respectively
different positions on said drive string portion of the drill string. 23

11. The system as defined by claim 1, wherein said drive string portion of the

drill string comprises a sub positioned above a kelly.

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 iransceiver 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
subsysiem and at least part of said first wireless transceiver subsystem are
mounted at respectively different positions on said drive string portion of the drill

string.



15. The system as defined by claim4, wherein said first antenna subsystem
includes a plurality of antennas at different azinuthal positions on said
drive string portion of the drill string. 16. The system as defi ned by
claim4, wherein said second antenna subsystem includes a plurality of
spaced apart antennas. 17. The syst em,3s defined by claim?1, further
conprising an electric generator for generating electric power for use by
said first transceiver subsystem said electric generator including a

rotating ggnefi 8ystEMTRO Mfhed M3t clafn M UM &Ein0aid Skt afitenva Sibsystgnpor tion
of the drill string and a stationary generator conponent that s nounted

on a stat ﬁq%uaég.%mrb@gs@fa?aﬂaﬂngéiat'&iﬁarerni %;A&haﬂﬁgﬁ@ﬁwﬁ agiddagfildred by

claim 17, erei n sal Ionary generator conmpo conprises a ring of
magnet s. . t fined by claim 18, wherein said rotating
gener at oréﬁegﬁggwﬁ@@%ﬁﬁ?@@& at | east one stator coil. 20. The system as
defined by claim 19, wherein said rotating generator conponent and

stationary generator conponent are disposed in close proximty such that
magnetic flux fromsaid ring of rra%nets crosses said at | east one stator

coi | . 24 161 Thegystep as defiged byigaim fywherginsad secand Ratertenasysiey a
rechargeable battery charged by said electric generator, said battery
stori ng skciides @agqlvialityfpaced apatigetainasai d first transcei ver subsystem
22. The system as defined by claim 20, further conprising a rechargeable
battery charged by said electric generator, said battery storing said
electric power for use by said first transceiver subsystem

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 close proximity
such that magnetic flux from said ring of magnets crosses said at least one stator

coil.



23. The system as defined by claim 21, wherein said rechargeable battery is
nmounted 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: a drilling rig, a drill string having
its generally upper end nmechanically Egupleable wi th and suspendable from
the drilling rig, and downhol e equi pnent on the drill string, a nethod for

bi di recti onal conmunicati on between the downhol e equi prent and a processor
subsystem at the earth's surface, conprising the steps of: providing a
drill string telenetry systemconprising at |east the wupper portion of the

string of,dri [ n ' | eastrifeP bliotitindl adrechhfidadid | onal
comuni ca%ﬂon-'-l}'el %k@l%gr{ v(ag’eﬂeﬁﬁdrgg\?\cﬁfﬁ@ eﬁgquftpnent fﬁg'"@hg tegp g‘jf @ t he
string of i1l pi A ravi di fdt | %ﬁﬁ T UEXeT bsystem
nount ed Ot@qifrykgpﬁg@ﬁg:y %ﬁﬁ%‘%@%ﬁ%@& éé’[‘)%b% r&gg’[ e %/E;;'a%r ovi'(\éﬁé\géﬂ; cabl e,
for con’m%,ni cation b en said drill string telenetry systemand said
first w 8[H§%EYP3W§%§WSG§W§§E{’%E@M provi ding a second wirel ess
transcei ver subsystem coupled with said uphole processor subsystem said
second wirel ess transceiver subsystem conmunicating bidirectionally with
said first wireless transceiver subsystem 25. The nethod as defined by

cl ai m 24,2%.urthesysienp@ssialinac byselain &0, piugvedicamprisinddai krehatgeakle porti on
mechani cally coupled to the topnost drill pipe; and providing a drive
mechani snbattanp cbarged hyrsaidielecticsgeriangtoposaid batteryatoringsaid efraliapower i ned by

claim25, wherein the drive nmechanismconprises a rotating table with a
kel |y busfar nge bhatidefirgtigasscadiet skbsysiem.

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 siring.

24. 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 between the downhole equipment and a
processor subsystem at the earth's surface, comprising the steps of:

providing a drill string telemetry system comprising at least the
upper portion of the string of drill pipes, and forming at least a portion of a
bidirectional communication link betweeh the downhole equipment and the top of

the string of drill pipes;



27. The nethod as defined by claim 24, further conprising the step of
encrypting signals communicated bidirectionally between said first
wirel ess transceiver subsystem and said second wirel ess transceiver
subsystem 28. The nethod as defined by claim 24, further conprising the
step of conpressing signals comuni cgted bidirectionally between said
first wireless transceiver subsystemand said second wi rel ess transceiver
subsystem
providing a first wireless transceiver subsystem mounted on a kelly
or a sub positioned above the kelly;
providing a cable, for communication 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 fransceiver subsystem.

25. The method as defined by claim 24, further comprising the step of providing,
a drive string portion mechanically coupled to the topmost drill pipe; and

providing a drive mechanism coupled to the drive string portion.

26. The method as defined by claim 25, wherein the drive mechanism comprises

a rotating table with a kelly bushing that engages said kelly.

27. The method as defined by claim 24, further comprising the step of encrypting
signals communicated bidirectionally between said first wireless transceiver

subsystem and said second wireless transceiver subsystem.

28. The method as defined by claim 24, further comprising the step of
compressing signals communicated bidirectionally between said first wireless

transceiver subsystem and said second wireless transceiver subsystem.



