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BACKGROUND OF THE INVENTION

The advent of measurement while drilling (MWD) and logging while
drilling (LWD), as welt as development of surface control of special drilling
processes, such as directional drilling, have been important advances in
the art of drilling and producing hydrocarbon weils. 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 commerciai use for
communication while drilling, between downhole equipment and the
surface. [Unless otherwise indicated, references, throughout, to ” while
drilling,” or the like, are intended to mean that the drill string is in the
borehole or partially in the borehole as part of an overall drilling operation
including drilling, pausing, and or tripping, and not necessarily that a drill bit

is rotating.] In mud pulse telemetry, data is transmitted as pressure pulses
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on There have been various atiempts over the years to develop
alternatives to mud pulse telemetry that are faster, have higher data rates,
and do not require the presence of a particular type of drilling fluid. For
example, acoustic telemetry has been proposed, which transmits acoustic
waves through the drill string. Data rates are estimated io 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 commerciaily
available. Another example is electromagnetic telemetry through the earth.
This technique is considered to have limited range, depends on
characteristics, especially resistivity, of the formations surrounding the
borehole, and also has limited data rates.

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

been proposed. Some early approaches to a wired drill string are disclosed
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The U.S. Patent 6,641,434 describes a wired drill pipe joint that was

a significant advance in the wired drill pipe art for reliably transmitting
measurement data in high-data rates, bidirectionally, between a surface
station and locations in the borehole. The ‘434 Patent discloses a low-loss
wired pipe joint in which conductive layers reduce signal energy losses
over the length of the drill string by reducing resistive losses and flux losses
at each inductive coupler. The wired pipe joint is robust in that it remains
operational in the presence of gaps in the conductive layer. The
performance attendant these and other advances in the drill string
telemetry art provides opporiunity for innovation where prior shortcomings

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

performance.
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designed to carry current or signals froma
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¢ uéibﬁglts f%m% 58 onarff wire, Fnlfg taer%tetltmgoé‘&nce IIa'yplcf;llly, it is
comprised of a stationary graphite or metal contact (a brush) carried in a
non-rotating component which rubs on the outside diameter of a rotating
metal ring (e.g., carried on the upper 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 (iransformer action),
known, as rotary transformers, provide an alternative 1o slip rings and
contact brushes based upon conduction between rotating and stationary
circuitry, so no direct contact is necessary. The transformer windings
comprise a stationary coil and a rotating coil, both concentric with the axis

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

serving as the secondary winding.
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ty. A further aspect of the drilling and
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power carrying wires. Existing techniques have
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powered by the moving drilling fluid, are relatively complex and expensive
to build and to maintain. The use of ordinary batteries can be problematic
when the drilling operation must be interrupted for battery replacement. It
is accordingly among the further objects hereof to provide a safe, efficient,
and reliable source of electric power in conjunction with the rotating drill
string.

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

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

an earth borehole using: a drilling rig, a drill string having its generally
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in conjunction with the drill string; a cable, slectrically coupled between the
top joint of the topmost wired drill pipe and the first transceiver subsysiem;
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 compyrises 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, 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 joinis of each pipe, and the

cable is electrically coupled to the top joint of said fopmost wired drill pipe
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drive string portion of the drill string conprises a
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drive sub. In a form of this embodiment, the drive string portion of the drili
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
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Figure 1 is a diagram, partially in schematic form and pariially 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 subsysiem 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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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 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 @ manner that is well known. The drilling could atternatively
be mud-motor based directional dilling, 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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ing. The dri string 12 is suspende

F s E ARl steing 12 via ports in the drill bit 105, and then circulates
upwardly through the annulus region between the outside of the drill string
and the wall of the borehole, as indicated by the directional arrows 9. In
this well known manner, the drilling fluid lubricates the drill bit 15 and
carries formation cuttings up to the surface as it is returned to the pit 27 for
recirculation.

As is known in the art, sensors may be provided about the wellsite o
collect data, preferably in real time, concerning the operation of the welisite,
as welf as conditions at the wellsite, For example, such 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-while-drilling (LWD) module 120, a
measuring-while-drilling (MWD) module 130, a roto-steerable system and

motor 150 for directional drilling, and driil bit 105.
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regi on between the outside of the drill string and

t higerewlith avfd 4dsigied ’hibkeesams assigheetasahbypresent application.)
directional arrows 9. In this well known manner, the

drihé LD rhedidle indndepé asabia ol Hedﬁuﬁné%ﬂi@@ssmg, and

carries formation cuttlngs up to the surface as it is

ir ﬁéttﬁhﬂ& ‘?nfpﬂ‘néﬁ@n Rid wéll ak 3 cérﬁﬁ’llf ‘fcgltiﬁg s vva c%%g own

sensors nay be provide ite

e ﬁ'a@vPﬁae&ﬁ\ref‘%rhacﬂwéif’%%@%%ﬂ%5 figlg of the

at the weil site, For exanple, such sur&gce sen%
neiplipwing dypescef logoingAayice ba&mﬁaeuge giatign C aracteristics:
st andpi pe pressure, hookload dept h, surface torque,
r oa esistiity massuin@dedes, a tirectional sesiaiiiy messwing devoe, a
of the illustrated enbodi nent includes an interface

s ufori¢ Pneasurivgodenvicera hecldar ticasgriid W&yicepa mueleb? nagnetic
nmeasuring-while-drilling (MAD) nodule 130, a

s A e s sl Bt acnsiic
Pchr{e%%ﬂﬂa/o%%%%?ﬁn imaging device, and a formation sampling device.
The MWD module 130 is also housed in a special type of drill coliar,

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 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.



11 The LWD nodule 120 is housed in a special type of

drill collar, as is known in the art, and can contain
wohe7eieaz pl urality of known types of | oggi ngpCowissees/30404

(See al so the above-reference@ copending U S. Patent

Application Serial Nunmber [file 19.DST], filed of even

date herewith and assigned to the sane assi gnee as

the pragené spsteim 6BFigare ), a Ot sk EhsiMbRy ishsient RSemployed

capabilities for nmeasuring, processing, and storing

| JFEAEH 8 1 Bhated bRl it SRR et hdiganely
LRI w038 Bl A1 80 ) S ] £ueABS BuB 186 to an

characteristics; . a,resistivity neasuring device, a
dilrtesiecesyP Hkinthe hatipryhale assemblisy Dependingomiactors
nmeasuri ng device, a nuclear neasuring device, a
nuocludingrihg hengtb of tee dribstringreelev sibg od eepeatersacan be
pressure neasuring device, a seismc neasuring
deyrovidedan intengilo ih the\sideg obndred drilirpipés,am examplertseing
devi ce. The MAD nodule 130 is al so housed in a speci al

t%@?réﬁen@d bt 182! TAB relagSubs Wﬂﬁjﬁhdmafstig)@ﬁlbvic@%ﬁﬁn

s
contain one or nore devices for measurin
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generator _powered by the flow of the drilling fluid,
aldaie hgrewithendhasrignehin the srine as§ioneeasdhe Rra§ee
enpl oyed. The MAD nodul e can include, for exanple,
ondpplicatione of the foll owing types of neasuring
devices: a weight-on-bit neasuring device, a torque

measur iTigs fhewifase sab 1O padvides ardsieriaeg betweenthe a

shock neasuring device, a stick slip neasuring device,

a 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

o



di rection neasuring device, and an inclination
nmeasuri ng device. WO 2007/019292 PCT/ US2006/ 030404 12
wo Beogogsystem of Figure 1, a drill string tel pOBUS3N06/030404

systemis enployed which, inathe illustrated
enbodi nent, conprises a system of inductively coupled
wired drill pipes 180 that extend froma surface sub

18% E}g:]\c?/c%nidsrﬁf%’ frassceiidt 3bl8 rhouhied cﬁPﬁHe%ll?Pbﬁother part of

asse Dependi ng on factors including the |engt

0 I P u p he

o AR slra, Bl e Stehbad 17 P 3F SR uBRRAHBA ink 175
pi,pes, an,e | e bein repgresented. at 182.. The.rela

L ibsShermnusal Henined bptnerd HeibolPrics ubdisest Sgee™
further described in the above-referenced copending |
Uasienmekie lngging @ad eanted uinii4. Naceqreingdy, tie ganfigurgion of
filed of even date herewith, and assigned to the sane
afHj@ecktpawiddwea porsaunticatipplinic froimdihe 13bgingraner dantwol unit 4
sub 110 provides an interface between the

C QRFSBhCInhPDRIcatibA ihk 1750{o Sineada/Eulnnds MAkbugftHeewired drill
and the drill string telenmetry systemv\)nl ch, in this

TR SR oSS rporene o
e ReRaBb e Eramtit dadcannie s e/ el gy bidthiona

Application Serial No. (file 19.0410/11). At the top
ofOREK&UR-red drill string, a further interface sub

185, can be provided, and serves, in this case, as a
sur f acAs descnieddedbe rgfetendest copsigling &S Applisation Serial
Pat ent 7,040, 415, the wired drill pipes can be coupl ed
wiNid el ect roni cs_¢filbsigsd410/1 hawhiletarilg eneilodgike laing contro!
and i nclude a

unit 4 at one wellsite is shown, one or more surface units across one or

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

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



transcei ver and antenna that comunicate

bidirectionally with antenna and transceiver of
woaggioneeand control unit 4 which, in the preseQt/us2006/030404

enbodi nent, enbodi es the uphol e processor subsystem

In an embodi ment hereof, the 4interface sub 185 can

conprise a wred saver sub (to be described), and WO

2007/ 019292 gCﬁ/ Us2006/ 030404 3 the efl ect.ronjcs of, a

t r anscelgWE 210WS ARIREK daghamal abpeot Wirelesh Bpnecaiyer

of _the drive string, as will be described. In Figure

1,subsystpmuelestionics tﬁamamb@ used fercherriesicenics 3d epiFigwe 1.

bet ween the el ectronics subsystem 30 and antenna of

t iRefergrgiencamaldodemade tatl. 8. Patoki 7c040,495y A sigeal from/to

configuration of Figure 1 provides a comunication

| ithés indutive h:@uF_;mjf e RIRiof R IF tepmost Wirdd dtifn Fﬁp&i@ cr?upled
roug

comuni cation [ink 175, to surface sub 185,
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i %g%gggﬁghg%pm%%%ﬁpone%%sﬂgﬁ 5 iﬂhtgh‘t?),oc?}?l m ho L}

a o, r rse.thereof o)

o arasy il 2350 AN 24 FL SR Fupph 55 are also
 FBUERETE 50R7 b Mackros. 3R oot RS meBhovigh may
unit 4 at one wellsite is shown, one or nore surface

urile Mo prrferredears desasibedhsireinbelsw. niihe hegging andenirol
The surface units nmay be linked to one or nore

s wirfiisaiso haseioh axampls,i antransodivardvith awrirabss modem.
connection via one or nore communication |lines. The

conmmuniT WITP RRake Sodh \eadapiea toTehimoRichd Rithase or
and the surface system can be point-to-point,

D380t HSe, IoBgiE B ol BReEEs  PrROGIm ol s he

é%i%eé arit 'plrb% t%f‘é’mé%? gysqferrf.’ ' lgFe%:Palb?y, Qﬁee mét éms[,E tppgxfié]ee Mo 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 mulii tone (DMT), etc. These
schemes may be used in combination with any kind of data muitiplexing
technologies such as Time Division Multiplexing (TDM), Frequency Division
Multiplexing (FDM}, ete. The modem may include functionality for dirill 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 wirgless

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



and optical fibers. The wreless technol ogy can be any
kind of standard w reless comunication technol ogy,

wo 46 easeed EEE 802. 11 specification, Bl uet oot hpcTiugbmensosns
or any non-standard RF or optical conmunication
t echnol ogy using any kind of 1¥odul ati on scheme, such
as FM AM PM FSK, QAM DM, OFDM etc. in
conbi nat.ion with anédkl nd of data_ nulti gl exi n

t SORKBGRERN gEnioRed hefmin capge UidizeR, apddhaige Dression
2007/ 019292 PCT/ US2006/ 030404 14 Figure 2 shows a
blapglor Einssyptionodf data ¢ea also be wilized Eadhsediocasrhave its own
subsystem el ectroni cs that can be used for the

elaatdrmais)candor sharedgintendas, Reé ahtertreisodn bd peovided at
made to U. S. Patent 7,040,415. A signal fromto the
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rill pipe is coupled
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rpTTRaRY BReteleliey coh A aed nplssae e nbel ow. The
| oggi n%land control wunit also has, for exanple,

t r ansc&EIGWP Ishows anisrebediment ebihe rnnenmlalrswhfc@c@spemal

nodem i s adapted to communicate with one or nore
nmsdeessuly 840 i pravidest baiween thetkeily 368sandthehiopdwmat ided drill
tool via the wred drill pipe telenetry system

Ppidec18b Thetdawernpdie 380HaR\dArtidusiivedgupler 341 at its lower end
conmmuni cati ons. The nbdem communi cates wi th anot her

”‘H‘i’&@lé’étncélfépééﬁgés w.mghs gﬁ%@m ﬁ%gtegok sgbftthe topmost wired

downhol e to anal
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Sglaver S 93/1328 tlgrgjgﬁ)a se%ig port, and runs externally of kelly 350 to the

transceiver subsystem 330, which includes antenna(s) 335. At the exit
position of the cable on the saver sub 340, a connector 346 can be
provided. The cable running along the outside of kelly 350 can be sealed
in a groove in the kelly and, for example, be protected by an epoxy or peek
materials. A further connector can be provided at the transceiver
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 string includes a special top
sub 470, above kelly 450, on which the wireless transceiver subsystem 430
is mounted. In a form of this embodiment, the saver sub 440 and the kelly
450 each have inductive couplers at both ends, with a cable (again, and
throughout, preferably including at least a wire pair), designated 441 and

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



Ampl i tude Modul ation (QAM, discrete nulti tone (DM),

etc. These schenes may be used in conbination with
wa@bdy7hisdz of data nultiplexing technol ogi es sBCH/US2006/030404

Time Division Miltiplexing (TiBV, Frequency D vision

Mul tiplexing (FDM, etc. The nodem may i ncl ude

functionality for drill pipe diagnostics and downhol e

t dloat athetypssiof souplinchatihie jeinis oglild alierfabeipbeusedphers,

is depicted, it will be understood that plural

s @htidn ot resBe@intants. MHdSpédanoplsUbPgrn, MR ™ Flunted
units or other forns, can be provided at diverse
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t hat, conpressi on and/ or encryption of data can al so
b@%tqqu@%wﬂ@mwmetssa@anwrisubsxss/tﬂm 43¥-enna(s)

and/ or shared antennas. The antennas can be provi ded

at  optn imexaopieswfshaemivadiments ohibigures @ aingt4, dhs wikgless
maxi m ze signal strength and quality. Communi cation

t trahsoeiveesulisystam aiécironicd, a6 well a9 the assetiaraldfBnia@),
satellite, can also be inplenmented. Figure 3 shows an

cab g o ey e S GRAIBRSEIY gESHRG b
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¢ REPRISE AntaiatS). San'he dpp Pt Shipdtiers. o RIS, n

cgnnected to inductive coupler 341, exits saver sub
emﬁv@asigﬂelat AdHgu® Bt speciabsuriane sub 890 s pppdeyed
kelly 350 to the transceiver subsystem 330, which

i betweRis saverauned4) asd kelln650hdn éhistexample, 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 subsysiem 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



position of the cable on the saver sub 340, a
connector 346 can be provided. The cabl e running

w@b@n@idzbe out si de of kelly 350 can be seal ed pCOUB2006/030404
groove in the kelly and, for jgxanple, be protected by
an epoxy or peek materials. A further connector can
be provided at the transceiver subsystem el ectronics.

Tsemeaimaanad s vwaspdesdribed akiovh, df désiast, the bidiectiondl link
In the enbodi nent of Figure 4, the saver sub 440 and

k Sletwedi? Blecianis m@éﬁ@bnt’érﬁ‘l%‘(é)'/élébtr&ﬁéé 538 ’caﬁ'l%lrw
drive string includes a special top sub 4 above
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S%ﬁ@[@&&f“‘%&eﬂve’»ﬁﬂ HelnE e B R r'nﬁﬂ@? east some

ghout referabl y including at |least a
8)9 tiges by Té]@e%ﬂ’faana@{@ecwnlca%%wdkbe/eb9ve mﬂqmuddevel
bet_vveen the ends of each. It will be understood WO
2 figure fostuowspitiralsaesnas thet 4otatd withahe dellprag it palb bef
coupling at the joints could alternatively be used,

hendersteod that axirhathatiprpedimdzm aintdrifasshie fiefotaitiy §#F\Fé string
470, which is nounted above kelly 450, rotates wt

t Wﬂ! ﬂﬁhllﬂizé Hehd %po{e"ort Wbk %ﬁ&@%ﬁhe%?eié%hrﬁ@ bThé1 ggme is

has an i nductive COUp er at Its

¢ PRRIGRle 1S %éiﬁg‘#%@gﬂtﬁﬁ /?%8“@@2%@@%%# (B wireless
d f 3 th I

¢ PARShEFOL uSisty R b eV S a5 wel | as the

associ at ed antenna(s), ~are in one general |ocation on

the dr F@Ied shewsapiardeodiment of the investion fayuseun, it

Wi Il be understood that parts or all of the

ekegjunotivre withva tap diivet 68510 Irs ther Figsiep Brexiaatplans save S)b 440,

can be at a plurality of. | ocations. For exanple, in
coupled with the topmost wired drill pipe 181, has inductive couplers at
both ends, connected by cable 441, as in the embodiments of Figures 4
and 5. A top drive sub 690 is provided between the top drive 605 and
saver sub 440, and the wireless transceiver subsystem 630 of this
embodiment is mounted on the top drive sub 690. Also in this
embodiment, the top drive sub has an inductive coupler at its lower end,
and internal cable 691 that runs from the inductive coupler to the
subsystem 630. However, it will be understood that an external cable could
be used, as in the Figure 3 embodiment, or that the electronics and/or
antenna(s) could be split, as in the Figure 5 embodiment.

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

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

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



the enbodi nent of Figure 5, a special surface sub 590
is enployed between saver sub 440 and kelly 550. In

wo beosoocappl e, the saver sub 440 has inducti VeCT/UsS2006/030404
couplers at both ends and inggrnal wiring (as in
Figure 4), and the special surface sub 590 has an
i nductive coupler at its lower end, with internal

Wiransiiveregubegstete 80 aindiSitor bthuriapplitatidrise lalthist roni cs
530. In this exanple, the wirel ess transceiver

R B S 2 R R G S
FauBPientiha §RBRR ey BREREN e Yiling g o
PSR S hniRabs e
assignee as the present application. In the present
ofsodiageraub 72{(x(whiakh srdta fen exaaspieabe onerofdbgisugiace gubs of
portion of the associated electronics) are nounted on

t Riguked B46) Mdludes actaiol F@5UFiduredh 8 arek®), oéctifiee 726, charging
el ectronics 530 via cable 531 which, in this

eqiead TEN tandErcharddidlé Basbabs 728 (BRUré D), avhieg ar@dsed, inter
port or connector, and can be carried in a groove in

4B L S P SISO 306 o R
bidirectian

[. Link .betwe el onLcs 5 . -
s P Ravas oPlsi ShASERY ABERP I heRgafftune, and isin
si%nal. In this enbodinent, it will be understood that
t FlES8 oty thaepvathee thalluxfrara the magneliipoaossrisine one
the level of the nud at least sone of the tinme, but
t Germe statar egilscoidberstaior 72638 el staips 72bgotes withitie drive
level. Figure 5 shows plural antennas that rotate
wiirimgt goatisee lof the dsll string. | Théomagmetidngtiadtistérabodiment,
azi nuthal |y redundant antennas on the rotating drive
Stémplises magnets arranged with alternating polarities. The alternating
current from the stator is rectified by rectifier 726, the output of which is
direct current that is input to charging circuit 727, the output of which, in
turn, charges rechargeable batteries 728. In an embodiment hereof, the
batteries power the first wireless transceiver subsystem 30, and can also
power other circuits, such as for measurement and/or communication.
Also, it will be understood that the output of the generator and/or rectifier
could, if desired, be used for directly powering circuits or subsystems of the
equipment.
The invention has been described with regard to a number of
particular preferred embodiments, but variation within the spirit and scope
of the invention will occur o those skilled in the art. For example, although

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



will mnimze dead spots or weak spots of the wreless
link. The sane is applicable to the other

wenhw@isvent s. Al so, plural antennas of the w r eCes52006/030404
transcei ver subsystem can be @dvantageous. Figure 6
shows an enbodi nent of the invention for use in
conjunction with a top drive 605. In the Figure 6

exabing, interaaaid/sudxtdal mauntiplgast purtibng Sktheasle@tednics, use

wired drill pipe 181, has inductive couplers at both
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However, it will be understood that an external cable
c oatahnire theat dthersforms tdf erifisyingetelerastrpcanrexémple béihgt
the electronics and/or antenna(s) could be split, as
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drill string.



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 726, charging
circuit 727, and rechargeable batteries 728 (Figure
9), which are used, inter ia, for powering the
first transcei ver subsyste 0. The stator 725 has
one or nore stator coils, is annularly aligned with
the magnet ring, and is '@LAW¢ se proximty therewith
so that flux fromthe nmagnet r|ng crosses the one or

r.coils of the stator 725 as the stator 725
Wﬁg’{g E@%\%ﬁat‘sﬁ the drive string portion of the drill

c%“ k @Qqﬁgé‘%@?gng&hﬁﬂiﬂg&wqrﬁg ngp al11§lﬂ% a drilling rig, a drill

oI arities. The alternating current fromt e st@?

stiing Pkl piries hving: d¢ igenerally 2ppef ﬁ@ddntaf,'aﬂm%e'f ghie with
direct current that is input to charging circuit 727,

ancheuspendableofromnthendrilling ridura drive :tdes no&qmpﬁéiwd@" string,
batteries 728. In an enbodi nent hereof, the batteries

mechamicailyeolipleablenvitie liesmmrcmtslﬁﬂaipimrofﬁai%SiEil! eiringpand adirive
can also power other circuits, such as for

mEERHiEe MRathamnehllgreouplaable odthi said dridé string forwotdtingethe drive
understood that the output of the generator and/or

sthRS bhél ithé driff Qudrlly; o Systkanifbedendrating efedies peiverit th¢ region of

powering circuits or subsystems of the equipnent. The
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parti rred enbodinents, but variation
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region of said drive string.

2. The system as defined by claim 1, wherein said stationary generator

component comprises a ring of magnets.

3. The system as defined by claim 2, wherein said rotating generator component

comprises at least one stator coil.

4. 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.



of a saver sub(s) and/or special surface sub(s), etc.,
it will be understood that other conbinations are
possi bl e and are contenplated within the scope
defined by the clainms. Also, while a wired drill pipe
subsystemis one preferredzfnbodinent of a dril
string telenetry subsystem “ft will be recognized
that other fornms of drill string telenetry, an exanple
being acoustic drill string telenetry, can be used,
in which case a transducer subsystem can be provi ded

atl'hEhsSrtsfet?r? fzgfdeﬁﬁé{:l élﬁlh‘pq hﬁih%?%%ﬁ%&?fﬁgsg ?%&f&r@%boe battery
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vi brational notion, can be used to generate pomer in

the region of the drill string. 20 CLAIMS Wat is

clainmed is: 1. For use in an operation of drillin

6.calb® 9y5tasncre definad: by orim 1i fyrtheg compaising a stll?utﬁ@metry
of drill pipes having its generally upper end

supsystam taiming atdepsteapbdion ofra camdnunicaiiondinlsl ketiveenmdoshole
drilling rig, a drive string portion of the dril

ecilipment on itk kishisténg wnd cmplgiadle erocddsot Babsyems and wherein
drill pipe of said drill string, and a drive

sdidk elsthic powee o saibll elestfio Rjepakiter W adapiéd do Prov€e power for
string for rotating the drive string and the drill

satd Eb,%g-,urﬁbaqmﬁtlﬁm for generating electric power in the
region of the drive string, conprising: an electric

generator that includes a rotating generator
conponent that is nounted on said drive string for

t|o there and st,at e tQr ..
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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.

8. 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



region of said drive string. 2. The system as defined
by claim1l, wherein said stationary generator
conmponent conprises a ring of magnets. 3. The system
as defined by claim2, wherein said rotating generator
conmponent conprises at |ea one stator coil. 4. The
system as defined by claim3, wherein said rotating
generator component and stationary generator
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magnetic flux fromsaid ring of magnets crosses said
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er conprising a rechargea
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bet ween downhol e = equi pnent on the drill string and an
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power fromsaid electric generator is adapted to
pr owvhaseincsmid efestric pewer fcomsaid elgcirisroanenator is adapded for use
system as defined by claim4, further conprising a

bydgaidl firdt élaesetiver subshsigat.em for mng at |east a portion
of a communication |ink between downhol e equipnent on
the drill string and an uphol e processor subsystem
and wherein said electric power fromsaid electric
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comruni cation |ink e system as defined by claim
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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.

10. The method as defined by claim 9, wherein said step of producing power

comprises producing electric power from vibration of said first component.



drill pipes conprising at |east the upper portion of
the string of drill pipes, and formng at |east a
portion of a bidirectional conmunication |ink between
the downhol e equi pnent and the top of the string of
drill pipes; a first wirele transcei ver subsystem
mounted on said drive strinéfportion of the dril
string, for 22 rotation in conjunction with the dril
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being coupled wth sald section of wred pi pe;
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ubsys and wherei,n said electric power fromsaid
CoBIRRIENt Wilhadehest & So1d S2AGM BOMPOFeRise” by sai d first
transcei ver subsystem 9. For use in an operation of
drilling an earth borehole using: a drilling rig, a
drill string of drill pipes having its generally
12ippEne anethed casndafinety by ctlaine ddl, ewlbérein saitd relative movement
suspendabl e fromthe drilling rig, a drive string
capaprisesn rothtibmeofirsdid Bist | cgnpomant havithc aéspeat otopl s=idd| second
wWth the topnost drill pipe of said drill string, and
comnpiiene nechani sm mechani cal Iy coupl eable with said
drive string for rotating the drive string and the
drill string; a nethod for generating electric power
in the region of the drive string, conprising the
steps of: providing a power generating unit having a
first conponent that is nounted on said drive string
for novenent therewith; and producing power in the
region of said drive string fromnovenent of said
first conponent. 10. The nethod as defined by claim
9, wherein said step of producing power conprises
produci ng electric power fromvibration of said first
conponent .



23 11. The nethod as defined by claim9, further
conprising nounting a secogq conponent on a
stationary portion of the drilling rig, and wherein
said step of produci ng power conprises producing
power fromrelative novenent of said first conponent
W th respect to said second conponent. 12. The net hod
as defined by claim1l, wherein said relative novenent
conprises rotation of said first conponent wth
respect to said second conponent. 24 13 For use in
an operation of drilling an earth borehole using: a
drilling rig, a drill string having its generally
upper end nechanically coupleable with and

suspgndahl e fromthe drillipng.rig, and,downhole
e Brenf-op HSe fLe heraan ofdilind apdamy bahole using: &
bi di rectional communication between the downhol e
e§liillipagia, ahil siripg bewingits generady ewper enddnechanically
surface, conprising: a section of wired drill pipes

c copplesblegwih ahdasrispehdablefeosm the rilliog rig, anaedownhaolg
of drill pipes, and form ng at |east a portion of a
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equi pnent and the top of the string of drill pipes; a
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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 drive string portion of the drili siring, mechanically
coupleable with the topmost wired drill pipe;

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

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

a cable, electrically coupled between the top joint of said
topmost wired drilt pipe and said first transceiver subsystem; and

a second wireless transceiver subsystem coupled with said

uphole processor subsystem, said second wireless transceiver subsystem



string portion of the drill string, for rotation in
conjunction with the drill 9g5string; a cable,
electrically coupled between the top joint of said
topnost wired drill pipe and said first transceiver
subsystem and a second wi rel ess transceiver subsystem
coupled with said uphole processor subsystem said

s eMsuNIEA IR rbCROTI Wit saiddiryiolipelegs transceiver
communi cating bidirectionally with said first wreless

t pyver subsystem 14 . The system as defined by
c%gpﬁﬁ%%ﬁ'wherein said cable conmprises a plurality of
IS

Wi res. : The system as defined by claimlt wherein
said section of wired drill pipe has inductive

couplers at the joints of each pipe, and wherein said.
cabllg i s Eresysteands detines Py slain lgw&he@w %ﬁrﬁab@f cpgses
topnost wired drill pipe by an inductive coupling. 16

. alplaradipsobwires. defined by claim |13, wherein said

first transceiver subsystemincludes a first antenna
subsystem and said second transceiver subsystem

i ncludes a second antenna subsystem 17 . The system
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subsystem conpri ses plurality of antennas. 18
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by an inductive coupling.

I6 . The system as defined by claim13, wherein said first transceiver
subsystem includes a first antenna subsystem, and said second transceiver

subsystem includes a second antenna subsystem.

IT . The system as defined by claim I6, wherein said first antenna

subsystem comprises a plurafity of antennas.

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

subsystem comprises a plurality of antennas.

[@ . The system as defined by claim {3, wherein said drive string

portion of the drill string comprises a kelly.



26 20 The system as defined by claim1l, wherein said
drive mechani sm conprises ggrotating table with a

kel l'y bushing that engages sald kelly. 21 . The
system as defined by claim 13, wherein said drive
string portion of the drill string conprises a top
drive sub. 22. The system as defined by claim?21,
wheRei n. SHialsybtemeas defified by olahorif) vitsareiresdid riveimechanism
t hat engages said top drive sub. 23 . The systemas
debmprideB¥ r@té!ir(rlg bl WhA'Lk 1y96\.|é1uﬁtj thet e‘ﬁbégég said kelly.
portlon of the drill string fTurth conprises save
sub between said kelly and said topnost wred dr|I
pipe. 24 . The systemas defined by claim 21, wherein
sai d stri.n oriion, of tl1 drill str,i further
comptl ses e Systah a8 dehpdd by siaimia Whgresaianyai g
said topnost wired drill pipe. 25 The system as

d epriicsdoidire rilli string comprises @ op divesstia of said first
antenna subsystem and said first wireless transceiver
subsystem are nounted at substantially the sane
position on said drive string portion of the dril

strigw. 26The Sfistchvad BTIRSd Bgfclaiﬁm byhérer gaibiGirivaer ei n

an antenna of said first antenna subsystem and at
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subsystem are ‘nounte rent
positions on said drive string portion of the drill
string. 27 . The system as defined by claimlB®,
wherein said first antenna subsya%en1includes a

pl uld i ty Bie avsterhas dafined by Slaimlavhereinaaid e stdng

portion of the drill string further comprises a saver sub between said kelly

and said topmost wired drill pipe.

24 . The system as defined by claim 21,wherein said drive string
pottion of the driil string further comprises a saver sub between said top

drive sub and said topmost wired drill pipe.

25 . The system as defined by claim 6, wherein an antenna of said
first antenna subsystem and said first wireless transceiver subsystem are
mounted at substantially the same position on said drive string portion of

the drill string.

26 . The system as defined by claim 16, wherein an antenna of said

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



on said drive string portion of the drill string. 8 .
The system as defined by chaiml16, wherein said second
antenna subsystemincludes a plurality of spaced
apart antennas. 29 . The system as defined by claim
13, further conprising an-electric generator for
generating electric power for use by said first

t sabsysiemeare motniest simespediively differswt sitioratan said drive
including a rotating generator conponent that is
MetiHgegoiBn G itse dFill $&irfg.r i ng portion of the drill
string and a stationary generator conponent that is
nounted on a stationary portion of the drilling rig.
30 . The system as defined by claim?29, wherein said

st atj.onar enerator c ent_.copprises a .r.ing of

gl s - SHhe SYgtem.gs cefned Biclaifeh wosrei sa st ntenna
wherein said rotating generator conponent conprises
asubgysiemdnelusiestaoplurdlity of antenmagat siffarert agmuihalmasitions
by claim 31, wherein said rotating generator

c omxsae driveustting postionaofithg eniisiirg. conponent are

di sposed in 28 close proximty such that magnetic

flux fromsaid ring of magnets crosses said at |east
one stator coil. 33 . The system as defined by claim
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by said el ectric generator, atter orin
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conprising a rechargeable battery charged by said

el ectric generator, said battery storing said

el ectric power for use by said first transceiver

sub%yst em The system as defined by claim [3, further comprising an electric

generaior for generating electric power for use by said first transceiver
subsystem, said electric generator including a fotating 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.

30 . The system as defined by claim 24, wherein said stationary

generator component comprises a ring of magnets.

3] . The system as defined by claim 30, wherein said rotating

generator component comprises at least one stator coil.

32 . The system as defined by claim 3!, wherein said rotating

generator component and stationary generator component are disposed in



5 The system as defined by claim 33, wherein said
rechargeable battery is mpgnted in conjunction with
said first transceiver subsystemfor rotation in
conjunction with. the drill string. 3G For use in an
operation of drilling an earth borehole using: a
drilling rig, a drill string having its generally
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suspendabl e"fromt drilling rig, and downhole

PR B EARSA or on 3 “between the downhol ¢

equi pnent and a processor subsystemat the earth's
surface, conprising the steps of: providing a drill
string tel emetry system conpri sin t |least the upper
por 8iBon ofThersystem aa;defnnednnglap Judhar eomprisinga

| east a portion of a bidirectional comrunicatiori

| fathabgeatse batteey chargeda ey sajdi glestric gendratonesaid badiery

the string of drill pipes; providing a drive string
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with the topnost drill pipe;” providing a drive

mechani sm nmechani cal | y coupl eable with said drive
string portion, for rotating the drill string;

00 19 thd Wt Seiea bR P Rt Be

string, for rotation in conjupction with the dril
S reanidbea aany chawas By SeldlSler: dénstaln spald batiery
the top joint of said topnost drill pipe, between
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Wi rel ess transcei ver subsystem and

35 . The system as defined by claim 33, wherein said rechargeable
battery is mounted in conjunction with said first transceiver subsystem for

rotation in conjunction with the drill string.

36 . Foruse 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



providing a second wi rel ess transcei ver subsystem
coupled with said uphole pigocessor subsystem said
second wi rel ess transceiver subsystem conmuni cati ng
bidirectionally with said first wirel ess transceiver
subsystem 37 The nmethod as defined by claim 36,
further conprising the step of providing, at about

t hetwagn ibie dowenkible ldguipmentand aprocasgorisubeystani athe
paraneters relating to the drilling operation, and

\Abaﬁh’isrslﬂfmabémgﬁigmgstﬁbcbteéﬁﬁﬁofS are coupled with
said cable. 30 8 . The nethod as defined by claim

37, wherein Ji tLR i ' .
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sensor, torque sensor, acceleration sensor, and

r8 'r%#'ogéﬂ%ﬂmwatm link beiwegs therdavahaly eguipmergand
further conprising the step of encrypting signals

ctheniopi fdhe siiglot dill pipest | y bet ween said first
wi rel ess transcei ver subsystem and said second

Wi rel ess trprm@@ihgea drive! BEingt partion Of thel Hell BRINGD thetthanically
defined by claim36, further conprising the step of
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c
bet ween said firs S transcei ver subsystem and

sai d second Hph\ShE% afivé Asthahidm nisdhahidaiil coupleable with

said drive string portion, for rotating the drill string;

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

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

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

subsystem.

37 . The method as defined by claim 3¢, further comprising the step
of providing, at about the top of the drill string, sensors for measuring
parameters relating to the drilling operation, and wherein signals from said

sensors are coupled with said cable.
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38 . The method as defined by claim 37, wherein said siep of
providing sald sensors comptises providing at least one sensor selected
from the group consisting of a temperature sensor, pressure sensor, mud
flow sensor, noise sensor, vibration sensor, torque sensor, acceleration

sensor, and rotation sensor.

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

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

subsystem.



