1 SURFACE COMMUNI CATI ON APPARATUS AND METHOD FOR USE
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BACKGROUND OF THE iINVENTION

The advent of measurement while drilling (MWD) and logging while
drillingr (LWD), as well as development of surface conirol of special drilling
processes, such as directional drifling, 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 commerciat use for
communication while drilling, between downhole equipment and the
surface. [Uniess 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 overali 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



2 inthe drilling fluid. However, nud pulse telenetry

has well known [imtations, including relatively slow
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reliability. Current nud pul s¢ technol ogy is capable

of sending MADY LMD data at onfy about 12 ‘bits per

second. In many cases, this rate is insufficient to
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This technique is considered 1o 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
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performance atiendant these and other advances in the drill string

telemetry art provides opportunity for innovation where prior shoricomings
of range, speed, and data raie have previously been limiting on system

performance.



These types of approaches for surface communi cation

have certain [imtations and drawbacks attendant the
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anmong the objects of the present invention to provide

a systemfor bidirectional co ni cation of signals

between the topnmpst wired drill pipe and a surface
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ordinary batteries can be problematic when t
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communi cation coul d be used for communication between
asiip ring devicengndeiserdtrotary wiactic eadplingsupdseckon induction or
processor (see, for exanple, U S. Patent No.
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advant ageousl y achi eved has not heretofore been
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in an operation of drilling an earth borehole using: a
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comprised of a stationary graphite or metal contact (a brush) carried in a
non-rotating component which rubs on the outside diameter of & rotating
metal ring (e.g., carried on the upper portion of a kelly joint). As the metal
ring turns, the electrical current or signal is conducted through the
stationéry brush to the metal ring making the connection.

Rotary electrical couplings based on induction (transformer action),
known, as rotary fransformers, provide an alternative 1o slip rings and
contact brushes based upon conduction between rotating and stationary
circuitry, so no direct contact is necessary. The iransformer windings
comprise a stationary coil and a rotating coil, both congentric with the axis

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

serving as the secondary winding.
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suspendable fromthe drilling rig, and downhol e
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for bidirectional communicatign between the downhol e

equi prent and a processor subSystem at the earth's

surface, conprising: a section of wired drill pipes
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di fferent azi mnut hSUNMARY OB THE INVESPEOM to the
drive string.
it has been recognized that wireless suriace 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



In one enbodi nent of the invention, the drive string

portion of the drill string conprises a kelly, and in
wOoRMeALBf this enbodi nent, the drive string RETUSIGI30404

the drill string further conpéises a saver sub between

the kelly and the topnmost wiréd drill pipe. I n another

enbodi nent of the invention, the drive string portion

arpharets i%%‘f@#f%d’oﬂpf RRRTE i 4 snat bt Hﬁﬁ'ﬂ‘@‘ e gffing
1B, At Kmingte R e SHingus MEodmppded for

saver sub between the top drive sub and said topnost
woidigeciipnal compwinication betyegn theislownhole eqeipmeant and a
i nvention, an antenna of the first antenna subsystem

apioaassof subsysiemedtdhe eariv'ssaifacs, conimisigmaaeetion of wired
nount ed at substantially the sane position on the

darill isdd enBpASnG ANedt thé @pel bbrifoh éftle skt bidrill pipes,
anot her enbodi rent, an antenna of the first antenna

tsﬁ%}féﬁﬁ 3&&%%& Gﬁfonpéfré bidd reﬁgt':rﬁjzpfdo"n%u E\ﬁbﬁ $ifnk between
ranscel v r Su SyS em are nDunte respe

{ t f . th
el i LR T R
o2 6o B Sl o topmoss
t ranscei ver subsystem the electric generator
i Méregpitiibpiger adsivegechanismt mechanipaiiceoupinable) with said drive
mounted on the drive string portion of the dril

sstringgpertion, forsotatingrihe \drifj esmgrtanfirst aimaless randtaivérs
nmounted on a stationary portion of the drilling rig.

- | subsystaivosiolid & tHdtifivé etfrgddotiBA df INE atill @fring, H@r rotation

statlonary gener at or conponent conprises a ring of

RInfuncliof vfnﬂ?tﬁé%lﬁﬂ ‘sﬁ‘ﬂl 982K, Yie c‘%ﬁe Rl pled between the

conprlses at least one St atorcorl

o
4y stzdgng% R @@Qﬁrdiuﬁ#%’%%gﬁ@%%{%g?a Fvg{”%ﬁﬂ Yetem;
flu fron1t ' g nets, cr sses t e at ast one
L Ei30 4 S8Ghrd WirkleB iinsBRBT ERnsistae conplad it Baatrn
the invention will becone nore readily apparent from
t ﬁéoqeﬁsmswhysa@wtneeae@r@&mrptasaﬁra«mmawhsyﬁem

conjunction with the acconpanying draw ngs. BRI EF
Desarn@Ticalingbiditcetiommity WEs 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 iliustrated 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, ina
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 fo the top joint of said topmost wired drili pipe



Figure 1 is a diagram partially in schematic form and

partially in block form of a systemin which
woenbgaiorent s of the invention can be enpl oyed. PCT/US2006/030404

Figure 2 is a diagram partialy in block form of an

exi sting scheme for bidirectional wireless

communi cati on between a surface conmunication sub and

Ay Hh idhietive %bﬁﬂ%emso, in Bl SHefeiretl mbdiment of theltnvekntlon

cross-secti onal mati'c difagram partially in

i r C
Fdyeftafon i SRR RO ST DRSS i lstem, and the
nvent on. ure 4 s a Cross-

%nsﬁea@:ﬁvg syalern inchipes A BPgend f%ﬂaoﬁubévstem
bldlrectlonal surface conmmuni cati on subsystem
acach ohthaeanienna subsyeiemsmesnicamprisea phitality.obaniepnas. The
9 Figure 5 is a cross-sectional schematic
dapignaas cpartid &l different bizimuthib positions avithi reispect fodhaldrive
surface conmuni cati on subsystemin accordance with a

f siihger embodi ment of the invention. Figure 6
is a cross-sectional schematic diagram partially in
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' Qi {nng domprises a kelly, and in a form of this embodiment, the drive
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



Figure 7 is a diagramof an electric power generating

subsystem i n accordance with an enbodi nent of the
woRon7eme29nn. Figure 8 is an expl oded di agr am ofPGIAES2006/030404

Figure 8 electric power genergatl ng subsystemin

accordance with an enbodi nent” of the invention.

Figure 9 is a schematic diagram partially in block
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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, pariially 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 subsystemn 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.
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DETAILED DESCRIPTION

FIG. 1 illusirates 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 platform 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
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strlng and drill bit. The MAD tool can further incl %Ig
“purap,2s delivers Hoa Qelibadiuid 36 lodhsieendal ! he st 12viaa
power to the downhole system This maﬁuzypl cally

i poit irdtheaswivel 19y tausing theedeling fipiskierfiaw Bownwardly dhraygh
the drilling fluid, although other power and/or

beid &rilysteingtienas Rlicdied Gythe iectigha dydiv 8o dTheadritting fiuid
i nclude, for exanple, one or nore of the follow ng

LURES 1S dﬂP&ﬁHg'@\ruﬁ?ﬂr{sﬁ\ﬁ the AR M O Rmidl the ARRBUTESY

device, a torqle neasuring device, a vibration

gﬁﬁ%ﬁﬁgggﬂfgﬁﬁg%ﬁ% \ﬁﬂggﬂ%gﬂégﬁﬁ??ﬁé&wé% #E\dUtSide bt thé BKI string
and the wall of the borehole, as indicated by the directional arrows 9. In
this well known manner, the drilting 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 ari, sensors may be provided about the wellsite io
collect data, preferably in real time, concerning the operation of the wellsite,
as wel! as conditions at the wellsite. For example, éuch surface sensors
may be provided to measure parameters such as standpipe pressure,
hookload, depth, surface torque, rotary rpm, among others.

The bottom hole assembly 100 of the illustrated embodiment
includes an interface sub 110, a'logging—whiie-drilling (LWD} module 120, a
measuring-while-drilling (MWD) module 130, a roto-steerable system and

motor 150 for directiona! drilling, and drili bit 105.



di rection neasuring device, and an inclination

measuri ng device. WD 2007/019292PCT/ US2006/ 030404 12
wohkmw#adie2esyst em of Figure 1, a drill string telREmaE2906/030404

systemis enployed which, injjhe illustrated

enbodi nent, conprises a systemof inductively coupled

wired drill pipes 180 that extend froma surface sub

185 t OTRE LW ShHAEE 1200s hbiskd i Aespeetd oypeol drill collar, as is
assenbly. Depending on factors including the | ength of

|to‘fo \ dir%dkhgtsérirt,in céﬁb@ﬁtaﬁt‘ﬁﬁe O a piaRAhFOBKicHh E&)lels of

ervals i n e string of" wired dri

oBFio R A8 GeRTE o ETRIAIG Bt U6 PR

eSS aohi S he 200ve- IR ARt ste

f Lgé?evitohf ar(lec\ll ggsigned to the same assignee as the present appiication.)
The LWD module includes capabilities for measuring, processing, and
storing information, as well as for communicating with the surface
equipment. The LWD module can include, fdr 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 houséd in a special type of drill collar,

as is known in the ari, and can contain one or more devices for measuring
characteristics of the drill string and drilt bit. The MWD tool can further
include an apparatus (not shown) for generating electrical power 1o 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.



date herewith, and assigned to the sane assi gnee as

the present Application. The interface sub 110
WOR007/0182%2 an i nterface between the communi cat i REAEUS2006/030404

circuitry of the LMD and MAD1Bodul es and the drill

string telemetry systemwhich, in this enbodinent,

conprises wired drill pipes vvlth i nductive coupl ers.

The | ntre’tﬂem@t@mofﬁ@uralﬁua:tinlbamngltsleMrspsysienb!a anplayed

sensors, is described further in the above-referenced

capiohimthe listrietesthbédiment atdraprises & alysien of fiduttvely
19 0410/11). At the top of the wired drill string, a

\}5]@8 vélrlﬂatcﬁ ﬁlﬂﬁ e3UiBolPat okRM Ptf?orﬁr urF‘é’dé s@¥ss to gn

ser ase as a surface su descri be

ﬁt?%%#"%é@*wﬁn 08 bt kR 4?P§é?@®53&“§?&?°i?n

tha with_ kel l 7 and.i nclude a transceiver
g i o OF el S0 eSS Pbreracys G be

antenna and transcei ver of |oggi ng and control unit 4

waravided at inteyvpisdpdhe singoal wised drilk pinas, 8 eXempigihsing

processor subsystem |n an embodi ment hereof, the

i rdpreSentedsatbl 8E85Tivarelay spbs,sehighwaneaiss be@rosidled(Wim

be descri bed), and WD 2007/019292PCT/ US2006/ 030404 13

't Bén@dvr%céfé)ﬂirﬁﬁzr SesaribeRitshel Aivedeférensby %b@@n@mgtlb] S.
Y, or ot her part of the drive string, as w |

‘Eéntt |||c|'aﬂ0|§ ISR ng a _comun ﬁ’é h9hA 1M 1?‘ l%d' o°f even

epl c eI ectroni

SR PR RR o i S0OhA0 s e 3’9$%éf§'

prow des a comTunl cation link fromthe |ogging and
ieAtiqthi t 4 through conmunication link 175, to
surface sub 185, through the wired drill

Ip
t el enetlihg islpstass sutol Homrmvigies anirerace b@ime%mtnh& he
conmponents of the bottom hol e assenbly and, al so, the
r evpBENitAkoretircditvy obité AL and MWD evcaduilemand 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 (io be described), and

ro



As described in the referenced copending U. S

Application Serial No. (file 19.0410/11), while only
wOoRee7/010282i ng and control unit 4 at one wel | si tRCT/ES2006/030404

shown, one or nore surface upgts across one or nore

"wellsites may be provided. The surface units may be

linked to one or nore surface interfaces using a wred

othevéleekr@risiss obanemisceivey 39 i ntouniedonehe katiynorostheppart of

| ines. The communi cation topol ogy between the surface

| fetdrivar@ringdas Wi BE 'de36RbEY.S rEFigu®® 108 communication link 175

poi nt-to-point, polnt-tonultipolnt or

| & 000 At hOwRA | i i he
¥ SebBRicaly s8I pe et (ErUERRRRER SORsl it S pnd

r ot ocol serial, Etherpet, etc.) and optical fibers.
Tadiepnaat b Radihg ane Soniieh imE 4a Acbriintts e cortatidon o
wi_rel ess comruni cation technol ogy, such as | EEE 802. 11
shigeire il quovides apperatsipication litkdeosthe igagiog asd oemiobunit 4
RF or optical communi cation technol ogy using any kind
othroogh camnmmisatimniink $98 toasurfélde s\l 183/ thrsigh iQawired drill
DMI, OFDM etc. in conbination with any kind of data

n?ipbi iBlepretigsysteh) ¢b ephemoid Fifefdce! PMhanBM\co ents of
etc. 14 Figure 2 shows a bl ock diagramof a

t i i t W i
 isPoortHioR, BESoimbl e R, 1Y FaVaSE T BISRR Tof Bidigtiona
Rsé%[%g?le can al so be made to U S. Patent 7,040,415. A
S A" om t o the inductive coupler of the top joint

of topnost wired.drill pipe i,s couple it \
moden Aesarbo IR ERIdreetGoRaRINg Yot ARIcaRoR Serial

W rel ess nodem 231. A battery 250 and power supply 255
2Ne. al so_pr oui ded(fie 19840/t Pewiia oy, Ote nadinibaed conirol
generati ng neans, which may be nore preferred, are

danit & ddevheheelsiteiel shawi ltmel arggbreysarialce units acrasaiane or

al so has, for exanple, a transceiver with a wirel ess
asteewellsites nideby\Brovided 2 ThersuHzve unidary &@ linked to one or

communi cate with one or nore nodens, repeaters, or

OhfttE suifaREiAERRckY uslify AMBIbAYHARES CoAnbOfor! Uik he or
dri pipe telenetry system Preferably, the nodens

: oot T .
Tt SooiEnt YR AEY " nEgditun e Raedgs PR aR ke,
t he .d l.e toal,., Any kind of digital log .
A PG 8 Bl Sulert 8 o RESESHE oo
freciuen_c shift keying (FSK), quadrature phase
s myltipgiel phguitigeryto-reiak r Bie maregdfannegiien ingudes theuse of
(QAM, discrete nulti tone (DMI), etc. These schenes
many typaisbdablas ¢wirbs ustrigpanyiype efirproldaals (seriabtizthernet, eic.)
mul ti pl exi ng technol ogi es such as Tinme D vision
Mahtiiapteal figercT Mo wireegseschndloyy saneldiiyt kindef istandard
(FDM, etc. The nodem may i nclude functionality for
dei . . . Lo o
N"‘{'ﬁ%ﬁ@ﬁnﬁhﬁﬁg Wi @?hﬁ@l@g??&!‘iﬁﬁﬁ IEeelgad. #0 Bgééiﬁ?éhon,

a si e surface ocessor Is depicted, |
)| t I .
¢ Rl 3fte3 8°Hy BBhePatiafy e o B riRpRlcatioh
b i ded at di I [ , W th wred /
B RUAH S e B LA BAT et s AELAN, P,
under st ood that any of the npdes of
FSK, QAM, DMT, OFDM, etc. in combination with any kind of data

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



15 communi cati on nentioned herein can be utilized, and

t hat conpressi on and/ or encryption of data can al so be
WOR007/412883. Each unit can have its own ant enna(BGT/HBSO0@H30404

shared antennas. The antennasg,can be provi ded at

opti mum | ocations and with ogﬁinun1orientations to

-maxi m ze signal strength and quality. Communi cation

to/fro mdlﬁé@&é ‘tibc%(sdtapenen? al¥os %'?W\‘r@l%%t fr%c%'w%r

sat el | can

shqws an e di nen whi, ch
@%%va??e@a%?%&r%%s w68 cletericlager Figure 1
350 and the topnost MAred drill e 181. The saver
S BiSfeR10n 88N 4180 PaRAde B HaPelenb 404415, Al fignalto
that electrically couples with the inductive coupler
18 iatiucine coyptesof thiertep joint bf topimpest wirexhtitibpi®eSs coupled
whi ch is connected to inductive coupler 341, exits

Swithra WIIP détdrh! qrahwWDR afddedn Pof tis, iR, 'd:@&Bled with

externally of kelly 350 to the transcei ver subsystem

Swfteledihbdé ﬁ‘n‘ésifjgﬁl 2 on é%@é we%uéﬁ@é@@ Lre also

position o the c e sav sub

c Q
ﬁmiﬁﬂﬁfooééﬁ?% %d%g%- biﬁgro@ éaé%ﬁer%nnﬁ Pl T may
t he keII for exa r ot ec an e oxy

P e Rratiirich e dRepben beralnhre: ore kndayed Brd eolika!

at the transcei ver subsystem el ectronics. The cable

3upit plsodhas; ifaeexample, attranseeives with 2 wikgless modem. | n

t he enbodi nent of Figure 4, the saver sub 440 and

kel | y 766 WhNesunfaes maldeet iscadaptad to gbirirmgnicadwithene or
drive string includes a special top sub 470, above

keldrg rédemse, vopehtdts! cother fli8Facés mBeado@thaid Bsosi£he
430 is mounted. In a formof this enbodi nent, the

S@Wr%ﬁ &M%léé%@ﬁf&ﬁ@éﬁ&lﬂ' Wé@a@% hzé‘ﬁ%ﬁiérﬁ’éjﬂgi\)ﬂeetwo way

couplers "a with a ca agal n
papRHEorkl L ferh RO @S T Shelheildiom
PR o Spgp b dpoaiah i cdimbeld toal ey kBefof didita and

alternatively be used, here, and in other enbodi nents.
THBAGGBRPEvIatign sshemermay e used, Susban kighasefeequancy shift
450, rotates with the drill string. In this exanple,

t keying {FSHD, gradirature phasecifi-kewingd @R SI), Quadraturever

end, and an internal cable 471 that couples with the

\M‘\m;blmde Maothdation EDAM)bdigsietaditl tone (DMT)etcheThese
exanpl es of the enbodi nents of Figures 3 and 4, the

V\‘béﬁ‘étﬁé’é nhd\PBE CRbYAR c% HRtH Wih %%;e:gg g]:g Pgr’asm% lodfg

t he associ ated ant enna( are i1n | ocat | on

S O 0 S o et
NGB TS e BRT4ES ETBDRD o e

t he enbodlnent of Figure 5, a special surface sub 590

i diagnosticeand soneele i dizgnosties. and kel |y 550. In

this exanple, the saver sub 440 has inductive couplers

at bot Aithodghansinglet anfade priocessgpi(is siepictéd gbwd! Be underktood
the special surface sub 590 has an inductive coupler

athattrﬁuﬂawﬁﬁa@é‘ BroctistBrd, I B RIrmbT | |b@§mgvaﬁﬂﬁﬁ QRS @r ather
running to the el ectroni cs 530 n-this exanple,

t?@rrl‘@és : hﬁ%ﬁoﬁffdﬁ?ﬁ ;%rs?”lBﬁé(ﬁé mjunj[he\& rBS'Hn%i?o:E\ﬁgelegé

ereo nterna

o ERSBE e oM REy s e Rkt LriiéfBof] e 4 6 emodes of
above referenced U. S Pat ent Application Seri al
(file



19. 0410/ 11), filed of even date herew th, and assi gned

to the sane assignee as the present application. In
worhg/qIp¥eent enbodi nent, the antenna(s) 535 (dH/U2006/030404

desired, a portion of the asIc,{ci ated el ectronics) are

nmounted on the kelly 550 and*toupled with the rest of

the electronics 530 via cable 531 which, in this

el b BT pERIAEE B B SR Rooh

kel inthe 17,sanme nner as, was .described above.

R rtayption,af GG e aisa R CiZAR. BACHCAHt 6 BaVS fs
530 and antenna%s)/electronics 535 can carry a
anjenna(shandign sharachaniensasniibei antennas canitiel priowided at
understood that the sub 590 and a portion of keliy 550
rapfinien dogitionstand witk optimunh orienthtivhsito anaxigtze sighat he
time, but the antenna(s)/electronics 535 will be above

tdhRenEii ah@ ealityT ComfuniSaRMStoPrehabniite %Eh%ﬁm“sb{?{%{ding

rotate with the kelly, as it wll be understood

. . . . dari
TeptPLHERln VLIS, it ARTD M REniALall 19 01 ve
e RS o dR Bl SR E hfriRe B A oo
transcei ver subsystem can be advant%?eous.

ISAYAF suly 3dRdspravided bebvermthakeliydsq andtbe depmest wised dril

in conjunction with a top drive 605. In the Figure 6
Pipepbé, Thessamer ssibiB4Dioas ao industivei adupiérs34 batits tower end
wired drill pipe 181, has inductive couplers at both

dhaliselecivicatty tedpley wittbihe iddlctivascoupléh$ae b ek t%m@stwred
Figures 4 and 5. Atop drive sub 690 is provide

kplivses. PheadioB1g! whﬁ:rﬁ@%mcwwinfaueﬁ\félemr.gaﬂsw,eexits

wireless transceiver subsystem 630 of this embodi ment
i | :
STYBFRIB SO 4 8alk o M iy B CIE 38D to the
i t.S. internal cable 691 .t runs .
N R SR W L P
However,. it will be understqod that an external cable
FOAPL th@&?ﬂ%@ﬂ ithe ﬁﬁ\éewtgtu%%a ERDBACINESAS Gan bdhat
the el ectronics and/or antenna(s) could be split, as
ipfoviHedFiThercaide eaming mieng the outsiderpligkailys356 gar bewseated
enbodi mrent of a formof the invention wherein a safe
dna grebivalin theskeilycand)ffopexample; bermotettdd by arepbiyonpeek
components at the well site, which can be used, for
eralepiais. A fulinwyedorineRtol defl 186 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 specia!l 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
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subsystem 30 and/or for other applications. In this
woenyoapavent , a nmagnet ring 710 operates as a SHEHVAG30404

generator conponent and is nbfinted on a stationary

portion of the drilling rig represented at 705, for

exanpl e a nounting adjacent a kelly or a.toP drive. A

dbat alber fmesicqupting stonmt@rc%uémr@,atme ydieusgd,these,

surface subs of Figures 3-6) includes a stator 725

(andyir etheBembddihentseThefspecial #6p solb 470 whidhi isanotinted

727, and rechargeable batteries 728 (Figure 9), which

atovesieslly 457, eotatdd with s dRRWRIA JIn 1 éxdrdple, the top sub
transcei ver subsystem 30. The stator 725 has one or

PrPnad Qh‘?ﬁdl?dﬁ\)gsclosdp?eradi%l 18WeY el 90§ gP‘r']“é dinible 471

magnet  ring, an I'n close proxrhty Frew th so

t lux fr. t he net ring crgsses the one or nore
418t gourtis WiRdhe e fpssdtetabiten 40607 o5
rotates wth the drive string portion of the drill

st ri ngh tha@xampies of thegembadinertsaitiairess and daihe wirgless
magnets arranged with alternating polarities. The
drangceiver sybsysteemelettronicshas wellitas thesassaciated eshtdnyna(s),
rectifier 726, the output of which is direct current

tdvatin ionel gemdralt localiar oh tige drive lsmngf Bartionhef thétd@mtstﬁﬁgl.], but,
which, in turn, charges rechargeabl e batteries 728. In

apwAns® dhasrtodte iR bartsh AIRGHRE idhsct , vbihfc&hﬁgﬂous or
can al S0 power

W rel ess transcei ver subsystem 30, and
N G Hi u r ..apd) .
St fidrhald)y o B3 oY pREARY o IRRlishE Fi oxpmple, n
put, of. th nerator andiqr_ rectifie puld, if

JueErbidaimet of FHEkE sam 89 syolRérisb Sad Bpmbiayed

ubsystens of the equjpnent. . The invention has
W&ewebéab #PrR WPa% Hn thimpxameple, Jae savar sub 440
preferred enbodi ments, but variation within the spirit
s indoplivecorpiers aikathiandsand intermal wiring (assie Sgute ) and

in the art. For exanple, although Figures 3-6 show
vtheispesiat suifaoasub B@0diasan iductiveicouptaradt igndwer end, with

external WD 2007/ 019292PCT/ US2006/ 030404 19

internal wiring, represented at 521, running 1o 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
antehna(s) 535 (and, if desirec_i, a portion of the associated electronics) are
mounted on the kelly 550 and coupled with the rest of the electronics 530
via cable 631 which, in this embodiment, exits the special sub 520 ata

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



cabling, internal and/or external nounting of portions

of the electronics, use of a saver sub(s) and/or
wogprmise92sur f ace sub(s), etc., it will be und@CGHE3H06/030404

t hat ot her conbinations are Pbssi ble and are

contenpl ated within the scope defined by the clains.

Also, while a wired drill|l pipe subsystemis one

HENQ Masnes ssouasdascriredalnva. | If siesired, the)bidisetipnal link

subsystem it will be recognized that other forns of

dratweenteléstopriies 88@ ang andenre(s)pleetronicsdh 3 cars tany a

drill string telenetry, can be used, in which case a
tdigitized eRjnas UBIRS BMbRMMBAL, RIVANILRSShdrsiode thﬁPtHéfsub 590
drill string telenmetry subsysten1to convert to/from

GYRER BN PLGAT 990 B o e SR HEMS B4 gqme
g B it Y Aol J8orits Bl béi”%#v”%éﬁﬂﬂd level.

3__[I||St ZOCLAII\/SV\hatlscIalrre I S:

HauierS shovwel sRtennag thel fokgeaniiuing Kellvoasifwil be
using: adrilling rig, a drill string of drill pipes
Hindengtoodshalearimattirgliyedundentiamtenhas oadhe yotating| drivil siring
wi th and suspendable fromthe drilling rig, a drive

swittinmigimizetdea spots e wibakl dpots of the wirslslinkalThe same is
coupl eable with the topnost drill pipe of said drill

sd;fpnaableetadhé oM VEMBBARTEHIS MAIRS, p’ mh{c?qn@@l&'tﬁé%@ess

said drive strlng for rotati ve string

%%&BR,&%HBW&&H%P%@(@Q%Q[G%% generating electric

power egl on o string, conpr|5|ng
an eI r|c ner.at or es a.ro

oner dabpte s SERREH brbBdimt AL Gk T B
strinrgﬁfor rotatlontherevvlth and a_stationary

tign Wiihpdar Arive606. i lo the (riewe ®Axamplead %#%éﬁ*fﬁUb 440,

portion of the drilling-rig, said rotating generator
anyiekwith She dopmast wired crill pipe W81, has induchivg couplers at
said drive string.
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



2. The system as defined by claim11, wherein said

stationary generator conponent conprises a ring of
wormgmEew2 3. The system as defined by cl ai m 2,PGHAES26064030404

said rotating generator cong@ent conprises at |east

one stator coil. 4. The system as defined by claim 3,

wherein said rotating generator conponent and

transceiver yubpystentafy and/opforathenarpldatipns.eln this cl ose

proximty such that magnetic flux fromsaid ring of

BRiRTIMent, eoaRgnettidg 7t 0l sirsbicanss & sRitionagpgéneratorThe
system as defined by claim1, further conprising a

ggﬁr@ﬁn%ﬁf‘ﬁha i® Aduftied ghac{ Qﬁﬂoﬁé{mrﬁoﬁ befid dfilling g

ator, and noun I on sail f string. 6.
PR BRI 6 By BbR Al D5 RENID % o crve.
Ao BOR 5 b, o e S 85651 LS GEEEL psor
and wherein said electric power fromsaid electric .
Fégurestde0) inclusitsm saton/2h Bﬁgump%aeﬁ N olecttied”26, charging

communi cation |ink. 7. The system as defined by claim

girchin7eeand coghargeablecbatterids 728 @igtiney9)s wihichsarenused, inter
formng at |least a portion of a comunication |ink

REEVRAHONIMHIOIS fRSLraNSitivetbUbRgsidh BD. Jhe gtator7d5amms
uphol e processor subsystem and wherein said electric

e n . A - »
S nbRTbERbsC i ahiushy Sl wit e Ridiiotifhg, and s in
system as_def.ined.by claiml. fupnther | sSL0g.;
YBEHSEtg eeeuRsrdt Bt ot s FaaRBLRIG Bhees the one
downhol e equi pnent and a processor. sub temat th .
QA eresstatatcals of BBty fep as e Slader €40 (RiRiss with fpe dirive
pi pes conprising at |east the upper portion of the
sifing godiordefi the dillipddng adhefroagnelying, in this embasiimenbn
of a bidirectional comrunication |ink between the

dminises maghpisesntrarget with aiepnating peladties.nfhefaltérnating
pipes; a first wireless transcei ver subsystem nount ed

QurfeiHt droh th sEao1r IBFeBifidd Bﬂ rédtifieh #26] ihel otpui oiowhichris
rotation in conjunction with the drill string, said

T UL BB < B RSDAST Y AL P e R i
o B2 JEFRIBA 2 Wk g bbror, e
ioreR oo e TRt GTeleSs taRreabpy SHOSTEAL AT e also
wherein said electric power fromsaid electric |
. Jeoweneiber cicuits pueh asdior measyemantiang/ios comnapisalion
SX!ZZ?/iSit\nﬁﬁnbe 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
particuiar preferred embodiments, but variation within the spirit and scope
of the invention will occur to those skiiled in the art. For example, although

Figures 3-6 show various combinations of couplers, internal and external
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borehole using: a drilling rig, a drill string of
wodod7idiee pes having its generally upper end PCT/US2006/630404
mechani cal |y coupl eabl e wi t hjeand suspendabl e fromthe
drilling rig, a drive string portion of the dril
string, nmechanically coupleable with the topnost dril
miapéingf interndl amd/bt externaignoantthgpotiperionset trenelestronics, use
mechani cal ly coupl eable with said drive string for
sHtepddves subgs)drid/er Spadiasutadetdid (s, td., Wil B8 understood
nmet hod for generating electric power in the region of
’ [ a
0 St Cotindlons S ABRIdSS NS ah e cBRierbisI A KA, 3
mounted .on said drive siring, for nov t.therewith: .
oPEseety Denints, Mo Rl verd Silpins Syssdtan
from myvenent of said first conmponent. 10. The net hod
anejerefersed smttqcbmﬁnbpf sl stringstelemeing |§UQ$Y§¥?BH {rvif @e
power conprises producing electric power from
viebogmized thidt athedfdrimssef driingiong telemetry, Zhexamie deing
defined by claim9, further conprising nounting a

ssRitic delhstriventelometrystat benmsey, owhichrcask 4 transducer
drilling rig, and wherein said step of produci ng power

! : : :
géal{%& tl%?fz cBh PYSioV iR he téﬁgf Bl 8iringeEMERY ngé?sfstem to

t conponent wth respect to Said secon
C .
el SlagtiEalortac. Aled Kt BHaStsf thatoter
it%'ﬁﬁglh'gég Twh(i&\nﬁ?ari(%nﬁsewdg I’IFIOEi(e)Isl 1 ?ﬁe E:iﬁll gf’}{n%, ?nec?t?é}r(%g rotational
or vibrational motion, can be used to generate power in the region of the

drill string.
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CLAIMS

What is claimed is:

1.

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 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 the drilling rig, said
rotating generator component producing electric power in the region of said drive string.

The system as defined by claim 1, wherein said stationary generator component comprises a
ring of magnets.

The system as defined by claim 2, wherein said rotating generator component comprises at
least one stator coil.

The system as defined by claim 3, 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,

The system as defined by claim 1, further comprising a rechargeable battery charged by said
electric generator, and mounted on said drill string.

The system as defined by claim 1, 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.

The system as defined by claim 4, further comprising a drill telemetry subsystem forming at
least a portion of a communication link between downhole equipment on the drilt string and
an uphole processor subsystem; and wherein said electric power from said electric generator
is adapted to provide power for said communication link.

The system as defined by claim 1, further comprising: 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.
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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 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.

The method as defined by claim 9, wherein said step of producing power comprises
producing electric power from vibration of said first component.

The method as defined by claim 9, 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.

The method as defined by claim 11, wherein said relative movement comprises rotation of
said first component with respect to said second component.



