| NTERFACE AND METHOD FOR WELLBORE TELEMETRY SYSTEM
FI ELD OF THE | NVENTI ON The present invention rel ates
woQodaliesset ry systens for use in well bore oper 2CTaI$2006/030326
More particularly, the present invention relates to
wel | bore telenetry systens for passing signals between
a surface processor unit and a downhol e t ool
e in a wellbore penetratlnb%_a subt erranean
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drilled to | ocate and produce hydrocarbons. A downhol e
drilling tool with a bit at one end thereof is
advanced into the BHELDORTHEAINVYENTIGNring to form a
wel | bore. The drill string and the downhol e tool are
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connected together to forma long tube with the bit at
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the tool. The drilling nud is also used to forma
subtesieneas formatieme wel | bore. During the drilling
operation, it is desirable to provide conmunication
bet ween the surface and the downhole tool. Wil bore
telenmetry devices are typically used to allow, for

exanpl e, power BACKGRTBURDMDPITHRINVENADNN Signal s
to pass between a surface unit and the downhol et ool .
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operation o :
downhole drilling tool with a bit at one end thereof is advanced into the

ground via a drill string to form a wellbore. The drill string and the
downhole tool are typically made of a series of drill pipes threadably
connected together to form a long tube with the bit at the lower end thereof.
As the drilling tool~ is advanced, a drilling mud is pumped from a surface
mud pit, through the drill string and the drilling tool and out the drill bit to
cool the drilling tool and carry away cuttings. The fluid exits the drill bit and
flows back up to the surface for recirculation through the tool. The drilling
mud is also used to form a mudcake to line the wellbore.

During the drilling operation, it is desirable to provide communication
between the surface and the downhole tool. Wellbore telemetry devices
are typically used to allow, for example, power, command and/or

communication signals to pass between a surface unit and the downhole



downhol e tool and send downhole information to the

surface. Various wellbore telenetry systens may be
wo2edw/diessest abl i sh t he desired conmuni cati on  PCT/US2006/030326

capabilities. Exanples of sach systens may include a
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telenetry system as descri bed in PCT Patent
Appl | ¥&ogs Wedlborarieiemels aysiennh sayne tsed imestablisthe
whi ch are hereby incorporated by reference. Ot her data

cleaivey aotwnunicatmmeapakilitiesn Eearnples,of such sgstems may
transcei vers coupled to sensors, may al so be used to
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("WDP") telenetry systens, ri pi pes that form
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through the drill string. The wired drill pipe is then
epiiieaganjents of wrielt aeiheretytiscopantietidytretdrence. Other data

surface unit for communi cation therewith. The wred

donvdyapicp er cpaireunicationl dptieds] sugress irdaseeiveeaioupibd to
from conponents in the downhole tool to the surface
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downhol e tool. Further docunents relating to wired
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%?Fnetwe d}kﬂ string are provided with electronics capable of passing a
signal between a surface unit and the downhole tool. As shown, for
example, in U.S. Patent No. 6,641,434, such wired drill pipe telemetry
systems can be provided with wires and inductive couplings that form a
communication chain that extends through the drill string. The wired drill
pipe is then operatively connected to the downhole tool and a surface unit
for communication therewith. The wired drill pipe system is adapted to
pass data received from components in the downhole tool to the surface
unit and commands generated by the surface unit to the downhole tool.
Further documents relating to wired drill pipes and/or inductive couplers in
a drill string are as follows: U.S. Patent No. 4,126,848, U.S. Patent No.
3,957,118 and U.S. Patent No. 3,807,502, the publication “Four Different

Systems Used for MWD,” W.J. McDonald, The Oil and Gas Journal, pages



3,957,1 18 and U. S. Patent No. 3,807,502, the

publication "Four D fferent Systens Used for MAD,"
wdhdo7dved®onal d, The O | and Gas Journal, pagesktdAB2¢b6/030326

April 3, 1978, U.S. Patent Ho. 4 605 268 Russi an

Federati on,  Publish ten 2140 filed
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Application 2,040,691 , filed Feb 14, 1992 VWO
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U S. Patent No. 4,806,928, U S. Patent No. 4,901 , 069,
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and U. S. Patent No. 5,971 ,072. Wth the advent and
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various types of circumstances will arise where it is
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corrponents in the downhol e tool and/or surface unjits.

It isWithdhepgvent anskexnasted gEovhafiwieeddrill Ripertegkrology,
est abI ish a communi cation |ink between a section of
vagous tyaesdefi ¢ifcupigiancasdwillayisgowhers ié is nedessaty/ iorconnect a
surface unit to facilitate conmuni cati on between the

devtitve bé wired! drilinsipa ts vafieestypeistof upholeseduipiraat or various
desirable to provide well bore telenetry systens
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rate, conpatibility etvveen a varlety of downhol e
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communication link between a section of the wired drill pipe and the
downhole tool and/or surface unit to facilitate communication between the
downhole tool and a surface unit. It is further desirable to provide wellbore
telemetry systems capable of providing added reliability, increased data
rate, compatibility between a variety of downhole systems and increased
power capabilities. Such a system is preferably capable of one or more of
the following, among others: improving reliability, reducing communication
failures, improving connectability, increase bandwidth, increase data rates,

providing flexibility for a variety of downhole configurations and adapting

wellbore telemetry tools to various wellsite configurations.



providing flexibility for a variety of downhol e

configurations and adapting well bore telenetry tools
woaowranéesas wel | site configurati ons. SUMVARY OFpTiHEES2006/030326

I NVENTION A form of the pregsent invention has

application for | 1] i,on that

i ncl udes uphol e 5?@@@Q%ﬁ¥gﬁ%tﬁF9ﬁﬁﬁﬁsi a dril

string suspended in an earth borehole, the dril

string having at | east one downhol e tool thereon, the

drill string also having a section of wred drill pipe

t hat iAsfquar of the presentnnvénticn las applicabenvieruse mea drilling

downhol e tool and the uphole electronic equipnent. In
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interface is provided for conmunicating between said
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source/ destinati on can be the uphol e el ectronic
atphofelsetrepicaauipment kuacaoidangeswil @pl erabegiment ioé the
uphol e el ectronic equi pnment (in which case, the
iimtentioacaniintedfaoeis prwiderf for cechmoniaatirag bapied resaid section
interface), or the conmunication source/destination
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contai ning the dowhhole tool, or another section of
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VDP, end co ct ble to the section of red dri|l pipe
Soyipment qrﬁgﬁl ownhole tool. For example, without limitation, the

communication source/destination can be the uphole electronic equipment

or an uphole sub that is coupled with the uphole electronic equipment (in
which case, the interface is sometimes referred to as an uphole interface),
or the communication source/destination can be the downhole tool, a
bottom hole assembly containing the dowhhole tool, or another section of
WDP (in which case the interface is sometimes referred to as a downhole
interface).] A housing is provided, the housing having a generally
cylindrical outer shape and having a passage therethrough. The housing
has a WDP end connectable to the section of wired drill pipe and a further
end connectable to the communication source/destination. A WDP circuit
module is disposed within the housing, the WDP circuit module being

electrically coupleable with the wired drill pipe section. A further circuit



end connectable to the communi cation

source/ destination. A WDP circuit nodule is disposed
woi2bdwmedshe housing, the WDP circuit nodul e bePow/us2006/030326

el ectrically coupleable with the wired drill pipe

section. A further circyitnmodule is . also dispose .
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electrically coupled with said WDOP circuit nodul e and

eleetricailly ablpledonif eaiblWDR eircuihmodolenand elgctrinally

source/ destination. As previously noted, with the
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t echnol ogy, various types of circunstances will arise
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of sections of WDP being connected to various types of
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descri bed enbodi nent of the present invention,
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form In this manner, it will be necessary to produce
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parti cul expertise wth regard™to the nodule's
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i nvention, the WDP circuit, .
advantageous modular form. In this manner, it will be necessary to

produce and stock less interfaces having specific pairs of endpoint
characteristics. Also, modules can, if desired, be fabricated by different
entities having particular expertise with regard to the module’s elecirical
and mechanical composition as it relates, especially, to the external
equipment to which the particular module’s external end will ultimately be
coupled.

Accordingly, in an embodiment of the invention, the WDP circuit
module and the further circuit module are removably coupled, and the WDP
circuit module and further circuit module are separately removable from the
housing. In a form of this embodiment, the housing is comprised of two
separable and connectable housing modules including a WDP housing

module containing said WDP end of the housing and containing said WDP



nodul e and the further circuit nodul e are renovably

coupl ed, and the WDP circuit nodule and further
woinenittesmodul e are separately renovabl e from PO®/US2006/030326

housing. In a form of thiseenbodi mrent, the housing is

conpr.ised of : . ]
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further end of the housing and containing said further
ci r cuintamehitosiment ¢f the émisadioneatiddurthaecirauignodule,
said further circuit nodule conprises a power source

tdrapriggoy ipdesrzowrse that provides powenasingameintardubaver
and/or a battery, and/or a n external power source, In

%d@@%@?ﬁtba‘ﬁ%r} hed/dvanbkiemaldowaadurege of said

circuit modul®e and said further circuit nodul e
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in the housing generally adjacent the central axial
glask,cyed oha or m@esebedisrent, said further end includes
a connector, electrically coupled with said further
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source/ destination, said connector being axially
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par central "axi al passage. AISO in this
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adjacent the central axial passage. In this embodiment, said further end
includes a connector, electrically coupled with said further circuit module,
for connection to the communication source/destination, said connector
being axially within an annular passage that communicates with said partial
central axial passage. Also in this embodiment, said connector further
comprises an electronics module.

In a further embodiment of the invention, the passage in thé housing
comprises at least a partial annular passage, and one of said WDP circuit
module and further circuit module are mounted in a central portion of the
housing within said partial annular passage.

Further features and advantages of the invention will become more
readily apparent from the following detailed description when taken in

conjunction with the accompanying drawings.



In a further enbodi ment of the invention, the passage

in the housing conprises at least a partial annular
wpassagess7and one of said WDP circuit nodul e ardT/US2006/030326

further circuit nodule are mounted in a central

passage. _Fur tRI DR AE TION OR BETjeuesine

invention will become nore readily apparent fromthe
followi ng detailed description when taken in

conjunction with the acconpanyi ng draw ngs. BRI EF
DESCRISOTethgaheye raotietisntgres and agentages of the ptesent
features and advantages of the present invention can
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of the invention, briefly summarized above, may be had
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illustrated in the appended draw ngs. iIs to be
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only typical enbod Ion a
r t c | der limting of its scope,
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enbodi ments.. Figure 1 is a schematic view, partial
FH%EPHBE,D@&?#F@%%”% and e thevelege Rotvipm sPasiders
depl oyed from a rig and into a wellbore via a dril
imitingotHis saepea fan the dnertion rpay edmil terathey eqyaltyesfiective
therein. Figure 2Ais a schematic view of an

enmbodiments. of an uphole interface for passing signals
between a surface unit and a wired drill pipe

t el enFlguye 918 besBhdmatiy BewBphfiafly #F BRIt ddetivh N wdlisiE
enbodi nent of a downhol e
having a downhole tool deployed from a rig and into a wellbore via a drill

string having a wired drill pipe telemetry system therein.

Figure 2A is a schematic view of an embodiment of an uphole
interface for passing signals between a surface unit and a wired drill pipe

telemetry system.

Figure 2B is a schematic view of an embodiment of a downhole
interface for passing signals between a surface unit and a wired drill pipe

telemetry system.

Figure 3 is a schematic view of an embodiment of a modem usable

in the downhole interface of Figs. 2A and 2B.

Figures 4A-D are schematic views of various configurations of
interfaces used in combination with wired drill pipe telemetry systems and

downhole tools.



interface for passing signals between a surface unit

and a wred drill pipe telenetry system Figure 3 is a
weehemmtdse vi ew of an enbodi nent of a nobdem usabiraIseew6/030326

t he downhol e interface of Fisgs. 2A and 2B. Figures

4A-D are sc [ ' f.vari fe -
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telenmetry systens and downhol e tool s. Fi gures 5A and 5B
interfageidhe dNeNYRAI  vi ews of enbodi ments of the
interface of the invention. Figures 6A and 6B are
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accordance w odi nents of the invention. Figures
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Figures 7A-7C are schematic diagrans, in block form

of t hEigRkEECHUNITED Wse Erogs-sadtihalviring sffintehfaces in
interfaces of the invention. Figures 8 and 9 show
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respective used 1 n enbodi nents of the invention.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON Presently

pr ef eFigadesAsD asnscharhatit didgnams: indploak &orsh@fithé n
the above-identified figures and described in detail

BrRvhickuseass enbidtimehis oF ibkdnicefacestod therewbation.i ke
or identical reference nunerals are used to identify

common or simlar elenments. The figures are not
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respectively, used in embodiments of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Presently preferred embodiments of the invention are shown in
the above-identified figures and described in detail below. In
describing the preferred embodiments, like or identical reference
numerals are used to identify common or similar elements. The
figures are not necessarily to scale and certain features and certain
views of the figures may be shown exaggerated in scale or in

schematic in the interest of clarity and conciseness.

Figure 1 illustrates a wellsite system 1 with which the present
invention can be utilized to advantage. In the illustraied sysiem, a

borehole 11 is formed by rotary drilling in a manner that is well



views of the figures may be shown exaggerated in scale

or in schematic in the interest of clarity and
woancimeisess. Figure 1 illustrates a wellsite BysUSR00£/030326

with which the present invention can be utilized to

advantage. In the illustrated system Borehol 11 is

kaewad Thpsecoberdinary skildnithe 2 thﬁh gngdt of this

wel | known. Those of ordinary skill in the art given

tizeldsuirel will @bpiduistedihowensr thatithe prawertimtention also
however, that the present i nvention also finds
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directional drilling and rotary steerable systens),
drilinigs(engt, mugrmetor based dinesiienat dglingraad detarysiteerable
system 3 includes a drill string 12 suspended w thin

2§te*h% taqtcﬁslﬁow”hhea ténahb-taded figat 1ts | ower end.

e surface system 2 includes the Iand based pl atform
and derrick assenbly 10 positioned over the borehole
11 pefaerdawniwpla sysiesus fircedda ehilli shrind- 12 Buspasdearaithin
10 includes a rotary table 16, kelly 17, hook 18 and

fre Borehod ¥ elwitPa diit®itds af itsSloWen@nt? Tite swfadeesydiym 2
the rotary table 16, energi zed by nmeans not shown,
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fluid or nud 26 stored in a pit 27 fornmed at the wel |
string. 1 2ipipiptegdyibie rotary table 16 enerdiged biindears net shewn,
interior -of the drill string 12 via a port in the
swiicleend&ges tidukellygl 7 hiethe upper end of the drill string. The drill
string 12 is suspended from a hook 18, attached to a traveling block (also
not shown), through the kelly 17 and a rotary swivel 19 which permits
rotation of the drill string relative to the hook.

The surface system further includes drilling fluid or mud 26 stored in
a pit 27 formed at the well site. A pump 29 delivers the drilling fluid 26 to
the interior of the drill string 12 via a port in the swivel 19, inducing the
drilling fluid to flow downwardly through the drill string 12 as indicated by
the directional arrow 9. The drilling fiuid exits the drill string 12 via ports in
the drill bit 15, and then circulates upwardly through the region between the

outside of the drill string and the wall of the borehole, called the annulus, as

indicated by the directional arrows 32. In this manner, the drilling fluid



drilling fluid to fl ow downwardly through the drill

string 12 as indicated by the directional arrow 9 .
woheonnédsri ng fluid exits the drill string 12 wCa/yusesbm®30326

inthe drill bit 15, and then circul ates upvvardly
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annul us, as indicated by the directional arrows 32. In
it I retwrneede the R 2 Tor re {EUationg| ubr i cat es the dr| |

bit 15 and carries formation cuttings up

sur f aBelossthietdrilksstriag di2n giereds athwotign hole qtsﬁembly (BHA),
recirculation. Below the drill string 12, there is a

gondrany refbaredss asbiQo, BEAIhe grihbit abl (in otilee wazds { within
100, near the drill bit 15 (in other words, within
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ottom hol e assenbly includes capabilities
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propert| es of the formation F surroundi ng borehole, 11,
amengaiheninings, an arparatusyt 1A for @ﬁta;rawalustar\ﬂ ¢gmmunicating
natural radiation, density (ganma ray or neutron and
pDe ©r prars guopertithof BAfarotationrt Berounding deselelel 11, such as
collar 150 for perform ng various other msasuremsnt

fametiopnesisiyity (or eohtactivily), reuse sadiativasdersity{gamnma ray
drilling (M/\D) tool. The MAD tool further includes an
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ie system Wiile a nud pul se systemis
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while-drilling (MWD) tool. The MWD tool further includes an apparatus (not
shown) for generating electrical power to the downhole system. While a
mud pulse system is depicted with a generator powered by the flow of the
drilling fluid 26 that flows through the drill string 12 and the MWD drill collar
150, other pbwer and/or battery systems may be employed.

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 standpipe pressure, hookload, depth, surface torque,
rotary rpm, among others. Downhole sensors may be disposed about the

drilling tool and/or wellbore to provide information about downhole

conditions, such as wellbore pressure, weight on bit, torque on bit,



Sensors may be provided about the wellsite to collect
data, preferably in real tinme, concerning the

wopes7aticesn of the wellsite, as well as conditi ®0%/UB2006/030326
the wellsite. For exanpl e,1isuch surface sensors may be
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collar rpm tool tenperature, annular tenperature and
cootrbf aoié, anong others. The information collected by
the sensors are conveyed to the surface system the
downhyd shews tregans! i pan upboteuintertacec 2@ isoprovided. atAbe
shown in Figure 1, an uphole interface 120 is provi ded
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Interface i's provided at the downhole end of the drill
, | .
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in [ chenmpt,i.call icted > hol
arigns ool e A eRe el ATRITRSheRfeY B p0% ol on’
provides a communi cation |ink fromthe surface \
schegatically depicted betwesnghe uphalgintaiacsand e surace ynit 4.
uphol e interface 120, through the wired drill pipe
Tres eonfigyrasips peovides aiconyntiaication dink A Sreisvided e
tool (or BHA) 100. While only one surface unit 4 at

teRenatey LAt de through sbammunicaitorolink8e, swrrate inieiface 120,
across one or nore wellsites may be provided. The
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downhole tool (or BHA) 100.

While only one surface unit 4 at one wellsite 1 is shown, one or more
surface units across one or more wellsites may be provided. The surface
units may be linked to one of more surface interface using a wired or
wireless connection via one or more communication lines 130. 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 kid of

modulation scheme, such as FM, AM, PM, FSK, QAM, DMT, OFDM, etc. in



W rel ess connection via one or nbre conmuni cati on

lines 130. The communi cati on topol ogy between the
weurnd7aaessy nt er f ace and the surface system can BeT/US2006/030326

point-tp-point, point-to-nuntipoint or _
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use of any type of cables (wres Using any type of
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W rel ess communi.cat,i on teﬁynolg%é% such as | EEE 802. 1

0
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RF or optical communication technol ogy usjng any kid
of noArushewain Sigwed, thauahele intprfaggis pREitipBRA aijtm
DMI, OFDM etc. inconbination with any kind of data
uphlalé phexif tiye tviredrdilliqripe telemelryy s®DvVA, TheDigholeprerface
etc. As one exanple, the antenna for the wrel ess

%ﬁéﬁ\ﬁélj{ eBnaadts ke Mifed drill plge dslbatethyasystemitotthe satfce
shown in Figure 1, the uphole interface is
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enefry system e uphole interface operatively
.con t.s ' J ' t J.he
GEPREE g 18 SR8k OnRBi. i SR nPIE R bibs
provi ded between the uphole interface and the surface
Bhoncs apoveing 1ajany tablEass o e 8b R intqifa SRy,
extends above the rotary table and to the top drive,
fonexampls, fagcrositienehbetwiasn thg dap Idsve gadybe; wireshddll pipe.
between the top drive and the wired drill pipe. The
uphol Enhé opholkanterizze 120 isstawn in greateraletaibindriguien2A.
Figure 2A. The uphole interface is provided with a

i {pR6leTRiefAcE08 prévidPwitaps erfagl/iDdRA2 200 a YODP uihble
and a power nodul e 206. Typically, the uphole

@gggﬁe 362, dhsBRI264 ah Fodlibl toBURP2661THBIGRNY. Ak uphBR
interface is housed in a drill pipe connectable to the uphole end of the drill
string.

A WDP connector 208 is provided to operatively link the uphole
interface with the wired drill pipe telemetry system. The connector may be
an inductive coupler similar to the ones used on adjacent drill pipe in the
WDP telemetry system. Alternatively, the connector may be a conductive
connector or any other connector capable of communicating with the wired
drill pipe telemetry system.

A surface connector 210 is also provided to operatively link the

uphole interface with the surface unit. The surface connector may be a

wired, wireless or optical connector adapted to link to the surface unit. The



string. A WDP connector 208 is provided to operatively
link the uphole interface with the wired drill pipe

woebevmaéasy system The connector nmay be an i ndectriuge006/030326
coupler simlar to the onesi3used on adjacent drill

[ pe | he V\DP et system. . Alternatively, the
BoRfactol gy igs BTG hatbvee dieh ngess e
connector capable of comrunicating with the wred
et CBVE@JQ'&%WF the stEAce NNBur f ace connector 210
is also provided to operatively link the uphole
i nt er Paeorvnete sansoss20dceay betprovitled s ttfeagghale nmtecaoe
may be a wired, wireless or optical connector adapted

120 to measard Yaricuy WelliisorepdramBteepsuet ho temperatuey i de
for conductive, inductive, wired, wireless and/or

OrRsEGR] (sEAHEPINE, GALH Wle iRy, BRE) THGd A6, HBisk; dfiiRgOr
t he uphol e

nmore sensors 204 may be provideéd in
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Suc

el enetr etc. d flo noise, drilli echani cs
e B Hements e plinocnSthaticsdtpaionmedt Bopeamping
r ot aéiMo_n, et C. etc. The neasurenments for drilling
AR Empiealai 20 btz £ loradditien, the gressurg imersuramests are
(typically 120 Hz). In addition, the pressure
paiarmeashaihighar sarpplingrated (Ypidaily 480 Hanplfadititatatesmetry
(typically 480 Hz) to facilitate telenmetry

dEmnodulatibh 0The BeniseenariyshaTiykdertod amEagiogdrart endfoPgignal
front end for signal conditioning and/or to a
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sensors may al so be use or mdi agnost |
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wired drill pipe system, measure noise and/or characteristics of the wired
drill pipe telemetry systenﬁ and perform other diagnostics of the wellsite.
The sensors may be integrated into the uphole interface 120 or placed
along its outer diameter or inner diameter. Sensor data may be recorded in
a memory deviée.
The uphole interface 120 may further be provided with a power

' module 206. The power module may generate power using any kind of
power generator such as a turbine, piezoelectric, solar cell, etc., from any
kind of potential energy source such as mud flow, rotation, vibration, RF
signal, etc. The uphole interface may also be powered using batteries
alone or as a backup of a power generator technique. The batteries may be
rechargeable. Alternative power may be provided externally and stored or

used by the uphole interface. In the wired drill pipe system, the uphole



drill pipe telenmetry system and perform ot her

di agnostics of the wellsite. The sensors may be
wonv@gnedsed i nto the uphole interface 120 or plaTas2006/030326

along its outer dianeter or14i nner di ameter. Sensor
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vi bration, RF signal, etc. The uphole interface nay
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of a power generator technique. The batteries may be
rmeaptedaddramuiidate pithi oree pomere meyddras,pepeatées or other
externally and stored or used by the uphole interface.
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120 may al so be powered using a cable froma p
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re eaters, or other interfaces in the dovvnhole to
JieqUeRey Rhifcke\ing (TSK). sageaterp-phgse saiftdraying @BSKM Y,
t he nodens provi de bi-directional conmunications. Any
kiuadiratureiAgnpliuda Mo diaticog (@A) discrete sultié tenet@MBE etc.
used, such as biphase, frequency shift keying (FSK),
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Anpl i tude Modul ation (QAM, discrete nulti tone (DM),
ngplé?l%ggtegﬁﬁéﬁg’@s%h% 'Fl?rﬁéjD'i\f‘SIBH RIRBIEXRY (WONY, any

Frequency Division Multiplexing (FDM), etc. The modem may include

functionality for drill pipe diagnostics and downhole tool diagnostics.

The surface modem 200 is shown in greater detail in Figure 3. The
modem may be analog or digital. The modem includes a transmitter 300, a
receiver 302, a processor 304 and a memory unit 306. The transmitter and
receiver may be in the form of an analog or digital transceiver. The
transmitter is provided to transmit data received by the receiver from the
downhole unit to the surface unit. The transmitter may also be used to
transmit commands received from the surface unit by the receiver to the
downhole tool. Diagnostic signals may also be transmitted from the
interface sub to the downhole tool and/or surface unit. For diagnostics,

signals from the downhole tools/surface units can be looped back to the

downhole tools/surface units, respectively.



mul ti pl exi ng technol ogi es such as Tine D vision
Mul tiplexing (TDM, Frequency Division Miltiplexing
wORDM)o16a8tc. The nodem may i ncl ude functi onal i PETUSR006/030326

drill pipe diagnostics and gownhol e tool diagnostics.
Th j
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transmt data received by the receiver fromthe
doitvn Eooe carrections, dededtion; sompiession, Bnerypliotsand other taja
al so be used to transmt comands received fromthe

FanfRigiominaythe pédormesti Yhe nicdulditordseimdre dott el interface
Di agnostic signals may al so be transmitted fromthe

ls%afé‘raen? st at b dUiFratevapabie di e8mmdkicating Bé&e@@w the
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for conversion so that they may be received by the
ERlamh SITBiahb he haus itescd tipcoTrespepding @@%ﬂﬁéﬂ@he
detecti on, conpression, encryption and ot her data
dewnpaleaoobandrthe behglerifiterfaee argatigmediul ati on schene
for the interface is preferably set at a baud rate
capabiTRe eherdonUNt GO6Ii% pravedee R stbhe daty foadeurmute.and
t he downhol e tool. The baud rates of corresponding

tﬁ&ﬁ?ﬁﬁégg(@%wﬁ&'étﬁaﬁﬁ é@mp@wﬁa}/%egtt)w are provided

align aud rates. Simlar the baud rates of

Wi
the cefh&SRRY QRHRIE T 'bo&ﬁﬁnmg system 308, may also be

provided to perform additional functions, such as setting a real time clock,

or for time synchronization between uphole surface and downhole
tools/surface units. Additionally, an analog front end (ampilifiers, filters,
etc.) may also be required.

Referring now to Fig. 2B, a downhole interface 140 is depicted. The
downhole interface is positioned between the WDP telemetry system and
the downhole tool for communication therebetween. In some cases, a
separate downhole interface may not be necessary, where the downhole
tool is provided with an internal interface. Such an internal interface is
made up of existing modems, processors, sensors and other features in the

current downhole tool.



downhol e tool and the uphole interface are aligned.

The nmenory unit 306 is provided to store data for
woOuabamvoacasze. Sensor or diagnostic data, for exaopius2006/030326

may be stored. Other itens,16such as a gl obal
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perform addi tion unctions; such as setting a real
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Fig. 2B, a downhole interface 140 is depicted, The
addowhbole toat earingctori326s0Ehe dewaholecinigstace: pevigep a
telenetry system and the downhol e tool for

cvpmmunicadibh dink beeredretheeephole intedace easidbe dovedele at e
downhol e interface may not be necessary, where the

ifRvakel erHogbwhitolp rivdstahraiitbs ancdminemitalionninkitfeaseen
Such an internal interface is nmade up of existing
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et ane, as the uphale | e
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nmodem 320, a downhol e nodem 322, WDP connect.or 32
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interface provides a communication |ink between the
arphptayidenarindustivanebndustive i eptieal gansecker betwren the
downhol e nodem provi des a conmuni cation |ink between
WDP WiEiettyemet thy dovatroie toal. dine WDRooeneciopd2ént s in
t he downhol e tool. Additionally, a downhole connector
Sr&atdly BAnBERthE dwrihoR! RE&rT&le to the wired drill pipe telemetry
system.

Communication between the interface(s) and the downhole tool
and/or surface unit is performed according to a protocol. The protocol
defines the format and sequence for signals that are sent and received by
the interface. The protocol may be, for example, a predefined set of rules
that establish the communication scheme between corresponding modems.
The protocol may be selectively adjusted to conform to the requirements of
a given telemetry system. Alternatively, a given telemetry system may be
adapted to conform to the protocol of the interface. The protocol and/or
baud rates for the downhole interface may be adjusted to the uphole

interface, and the protocol and/or baud rates for the uphole interface may

also be adjusted to the downhole interface.



the surface connector. The downhol e connector may be
wired or wireless and provide an inductive, conductive
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t he downhol e tool. The WDP1izonnector 324 operatively
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possi bl e configurations utilizing one or nore .
connredied és 2 divenhiale éodld4d8s Amyphelepoisirieicer@? igtpogitioned
variety of locations along the wellsite. For exanple,

abevethd Wired ehilll gpe Mlemtag sysiyn.bA gosnholeneidrfade 446ns
the top drive, and another |ocated further downhol e.
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posi tioned adjacent the wired dri pi pe telenetry
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processors, modems and other devices that form portioné of the
components.of the downhole tool.

Figure 4B depicts multiple wired drill pipe telemetry systems 445,
each having its own downhole interface 450. An uphole interface 422 is
provided at an uphole end of the upper most wired drill pipe telemetry
system. The downhole interfaces 450 can communicate simultaneously or
independently with the dowhole tool 410.

Figure 4C depicts multiple dowhole tools, each having its own
downhole interface 450. An uphole interface 422 is provided at an uphole
end of the wired drill pipe telemetry system. Figure 4D depicts a wired drill
pipe telemetry system having multiple uphole interfaces 422 and multiple

downhole interfaces 450.



Figure 4A shows a wired drill pipe telenetry system

445 directly connected to a downhole tool 410. An
wopbolmedsnt er f ace 422 i s positioned above the wCTA$2006/030326

drill pipe telenmetry systems8 A downhol e interface 440
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end of the upper nost wired drill pipe telenetry
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450. Fi gure 5A depicts an exanpl e of an interface 500
sbouldeeS5Bét ween a wired drill pipe system such as the
wired drill pipe system 145 of Fig. 1 and a downhol e

t ool Thelaiusin inaly deas detiicbllar sustheaiubingeoBsidb toAnettable
Fig. 1. The interface 500 includes a housing 502, a

WP cORMTE 6 SiE nPada/of dBAMRBR Rof. ORREHaaTel§ 2theAidlising may
el ectronics 550. As shown, the electronics are
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and 533 are threadably connected to corresponding drill pipes of the WDP
system and/or downhole tool. As shown, ends 531 and 533 are box ends
provided with mating internal threads adapted to threadably engage an
adjacent drill pipe for operative connection therewith. The ends may
optionally be box or pin ends as necessary to mate with adjacent collars.
One or more such interface 500 may be connected together or separated
by additional drill collars. The interface may be inverted, so long as the
opefafcive connections are mated to their respective {ools.

The WDP connector 524 and the downhole connector 526
operatively connect the interface to the WDP system and the downhole
tool, respectively. The electronics 550 are used to pass signals between

the WDP system and the downhole tool. The electronics contain a WDP

modem 520 and a downhole modem 522. Additional electronics may also



mud t herethrough as indicated by the arrows. The

el ectronics are preferably renovably | oaded into the
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housing may be a drill coll®@r or other tubing or sub

TBRTRLBE, Syt %‘Dﬁtgﬁﬁég F A FapuriiR b g8’
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drill pipes of the WDP system and/ or downhol e tool. As
slesoribe@rurthesdelemid 533 are box ends provided with
mating internal threads adapted to threadably engage

an adjsacstidwnlin Flg. pidpadbitionapfeatlres esusinasatread out port 525
therewith. The ends may optionally be box or pin ends
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nor'e such 1 nterface 500 may be connected together or
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the interface to the WOP system and t he downhol e t ool
CEB}BaRHS deyMINpRPRVEE OF earf@rsm oHerarecedw@st o pass
signal s between the WDP system and t he downhol e tool.
The elFgt5Bdiepicis antinierface EDQarwitlemp@Zlﬁhllarahrmla:rcammol e
nodem 522. Additional electronics may al sobe included,
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Figures 7A-9 illustrate additional configurations
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bel ow. As ti onal atures, such

%%aﬁdr%?l%g/oﬁﬂt InD(?t?]Er %?ds, a portion of the electronics 550a are

positioned along the inner surface of housing 502 as shown in Fig. 5A, and
another portion of the electronics 550b are positioned in a mandrel
configuration within the housing. Centralizers 552 are positioned along the
inner surface of the housing to support the electronics 5505, and have
apertures therethrough to permit the passage of drilling mud as indicated
by the arrows.

Figures 6A-D depict various configurations of a modular interface for
use between a wired drill pipe system, such as the wired drill pipe system
145 of Fig. 1 and a downhole tool or bottom hole assembly, such as the
BHA 100 of Fig. 1. As shown in Fig. 6A, the modular interface 600 includes
a housing 602, a WDP connector 624, downhole connectors 626a, 626b,
and electronics 650a, 650b. As shown, the electronics are positioned on

an inner surface of the drill collar to permit the flow of mud therethrough as



may al so be provided. The read out port provides

access to the electronics. For exanple, when the too
woo07atedseved to the surface, a surface unit NMRYTAS2006/030326

pl ugged into the readout pat to retrieve data, insert
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e of dri.Lkhing .mud as i ndi.cated t he r QWs,.
AR R DeBliofs hapietPviTmBiuatlfor it ifrinre ot o PBRions of
nodul ar i nterface for use between a wired drill pipe.
dhe fgifacg Bravdae eplechirely goarestedgrsepajaiedm Thescesmections
Fig. 1 and a downhol e tool or bottom hol e assenbly,
suanbedon rxarmple, sbop jgintithyeaded feoldéredn wetdad, gor cdiAer joints
t he nodul ar interface 600 includes a housing 602, a

\tht aperathly cohiddet mhrtinhe bethedntegtzicer STHE2Gennduliohs panchit
el ectroni cs 650a, 650b. As shown, the electronics are
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permt the flow of nud therethrough asindicated by the
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ie%? r’ the' lrirfs?%%ti%yhr%%/(ge'velop a WDP portion of the related interface,
and where the downhole tool is developed by a second entity, that second
entity may develop the downhole portion of the interface. In this manner,
the interface may be separately manufactured and then jointly assembled.
Electronics 650a, 650b are preferably positioned in separate modules to
permit separate assembly. While two sets of electronics are depicted,
additional moduleé with additional electronics may be provided.

One or more connectors, such as link 662, may be used to
operatively connect the electronics 650a and 650b. Links 670a and 670b
are provided to operatively connect the electronics 650a to WDP connector
624 and electronics 650b to downhole connector 626b, respectively. The
connections, links, read out ports or other devices may communicate via

wired, wireless, or any type of connector that permits an operative



The housing may be the sane as in Fig. 5A. As shown in
Fig. 6A, uphole end 631 is a box end, and downhol e end
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operatively connecting to their respective tools. The
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t second enti

e (g 0 he Lnter e. In this manner, the
ARERBIE o B ot S0 il ey Ghactlo gl
jointly as | ed. Electronics 650a, 650b are
bebyes i RETE svetantand M paraois twokiTes clastosion 650a
separate assenbly. VWile two sets of electronics are
a8gias0bmaredeieted gsl havinga YD miedaddd20 andla downhole
el ectronics may be provided. One or nore connectors,

maden 2P| rdspébitvelyny ehableseammunina¢ioatthediyroughnect
the el ectroni cs 650a and 650b. Links 670a and 670b are

Donvicdisls | Suchies 624 \B6a 400B6D rbdlFbe lg%ttibﬁeagai vﬁﬁeps
to WDP connector 624 and el ectroni'cs 650b to downhol e

CEaeRS e ARREC Yo ae EBARNRE L Mg 8"
provided.

Additional electronics may also be included, such as the electronics
shown in Figures 2A, 2B and 3. Figures 7A-9 describe additional
configurations for the electronics as will be described further below. As
shown in Fig. 6A, read out ports 625a, b may also be provided with read
out circuitry positioned thereiﬁ. For example, such read out circuitry may
include sensors and other electronics, such as those shown in Figs. 7A-9
and described further herein. The read out ports 625a, 625b may be the
same as the read out port 525 of Fig. 5A, except that circuitry may be
provided therein to facilitate connections and signal transfers.

As shown in Fig. 6A, one or more additional components 672 may

be positioned in the interface to perform a variety of additional functions.

For example, the component may be used to perform a variety of downhole



wired, wireless, or any type of connector that permts

an operativeconnection. Where such connections extend
weeoagaea7connect i on 660, an additional joint Pay/use006/030326

used. The WDP connector 6242and the downhol e connect or

AoeRulRS, Sigh 4B RARG PPt BLRRTSLI Reiber BBprationyc

downhol e connector 626b may be used, such as an

itela ety NSNOBLARIEET PBe@HRABCt or operati vel y
connectable to the downhole tool. The el ectronics

650a, FGWB ashewssrdaliernptesconfigynation oica waghularistendree 600a
system and t he downhol e tool. The el ectronics 650a and

e sdrae depthetraddalar raaifage 600WDBf Figd &M, @X0epinttlatiadditional
downhol e nodem 622, respectively to enable

CRBRIMHICPE SO ahf Bt 8 YRbyidEaN PRCSHIWN eReEBNRS 5t are

626a and 626b nmay be positioned at various |ocations

A S R e A
al so be i nc|luded, ch,as t el ectroni sh in.
SuEBea ! 16 huSion SO AuaeridBe PG 6503 "Elftioniss 500
configurations for the electronics as will be _
@de sHPpeded onaairaliges o2 & mandrelpasitien within tbgdasising.
ports 625a, b may al so be provided with read out

dn thiaiconfigpradion] treethothiar eonneétoon mayrhd separatehalosgd

out circuitry may include sensors and ot her

&oREEtH 660 ssidhhhaisa fifs pertimoatheinteriase cohtdingBR:ctronics
descri bed further herein. The read out ports 625a,

350810/, ) 88008 QRIS a0
f@ocdiﬂiér{a?tcgnﬁg&rﬂcﬁ% éé’@%a@@e 5|Loqﬂ?eld forSMi?éaditional
separations, for example for threaded end 631 with coupler 624 and
threaded end 633 with downhole connector 626b.

Fig. 6C shows an alternate modular interface 600b. In this
configuration, electronics 650a are positioned along the inner surface, and
electronics 650e is positioned on an inner surface of the housing adjacent
electronics 650a. Electronics 650a is provided with WDP modem 620, and
electronics 650e is provided with downhole modem 622. Preferably,
electronics 650e are removably positioned within the drill collar. In this
manner, the electronics 650e may be separated from the interface for
separate maintenance, installation, etc.

As shown in Fig. 6C, the housing has a first box end 631, and a pin

end 633a. As described above, the ends may be box and/or pin or other



As shown in Fig. 6A, one or nore additional conponents
672 may be positioned in the interface to performa

woani7aiyesof addi ti onal functions. For exanpl e, PCnAIS2006/030326
conmponent may be used to pesforma variety of
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pressur ener at ry or

i Q Fi 6B shows an aI ter nate
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as th% %ul ar |nterface 600a of Feg 6A, except that
addi t Th&D shews Aarliesnaisgnogdniar ivedacs 809e. O\ThGEFHOdleF

shown el ectronics 650c are additional electronics
pieifacerfgadc maydve Hnsdme gsothietmodulal onegrfacee600bef Fig. 6C,
surface of the housing 602 adjacent the el ectronics

6%Cept thhEiberaledtesniés 6808 1€ replasu WiH efsttopidy 8b0fZA ras
652 in a mandrel position within the housing. In th
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al ong connection 660 such that a portion o

Bﬁbielrorﬁ‘c‘)ﬁ\rﬁlﬂ%gt'l&ﬂlvgmﬁé r}%%b%ﬁ)g)z and 650c, and a

econd port on contal ns e 650b and 65Cd.

Addi t con 660 ma rovi de 0, perni

ddi « FENERIEESaEER BR80 48 praaad kESHoRoT fe Sebiiopies 6501
631 wth coupler 624 and threaded end 633 with
Holferusing nreptralizes B5i2a may beg oraxemplansupnastspesitioned
nodul ar interface 600b. In this configuration,

abeut thereleciraics @eetrpbmrt%ﬂbeluhaylbengartd)@mm«a,ea ring or
surface, and el ectronics 650e is positioned on an

spider used tasepsdrt tHeeeleetrshieg. adj acent el ectronics
650a. El ectronics 650a is provided with WDP nodem 620,

and ev\mrertﬁalc@ﬁneéﬁa%n§ SPOWHA i ggggwfm 6@)0%5\)%%&?&%

622. Preferably, “el ectronics are re

BRShGEMBAE &Y IBERoriBS, Brrdotdi8ldn@ othbPadvisss within a

housing, it will be appreciated that these arrangements may be varied. For
example, WDP connectors and modems may be positioned in various
locations about the housing.

Figures 7A-C are schematic diagrams depicting a detailed view of
the electronics 750 usable with the interfaces provided herein. As shown,
the electronics include a WDP modem 720, a downhole modem 722 and
power module 781. As shown, power may be provided internally using
power module 781 and/or battery 771 and/or external power source 772.
Additional electronics may also be provided, such as diagnostics 773,
controller 774, sensors 775, GPS/real time clock 776 and read out port

(ROP) 725.



manner, the electronics 650e may be separated fromthe
interface for separate mai ntenance, installation, etc.
woo0stawes7i n Fig. 6C, the housing has a first PpPoX/USRE6/030326
631 , and a pin end 633a. Az4descri bed above, the ends
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|nterface 600c may be the sanme as the nod

i H?é’ﬂ@%t@%ﬁa!bpe sgd f@@nogggggg ﬂ%GhSleCffﬁalcél e domnhale
65Ce is replaced with electronics 650 in a nmandrel
tanhfthg WEIR systeiboanthother rielated systeins. pldw $enmoesi may be the
el ectronics 650F for conmmunication with the downhol e

sawk. a et segorePe4 &5 Fiy. 255 2PhaGPSirealitihes cloekshappet
the electronics 65CfF in the housing. Centralizer 652a

0BYd, 381 ek@nphX QHBlr@wdé HRRRE *s?arﬁg;bxtﬂh@'@eﬂa aR uﬁafs h%m the

el ectroni cs. Centralizer 652b be, tor e
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ecific arr electronlcs connectors and
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that t hese arrangements may be varied. For exanpl e,
VP cbighee 76 depifis arbakiersaimgonfigusation fasibe slastioaigsoraoa.
| ocati ons about the housing. Figures 7A-C are
betisreonfigutation dhe elkgiiaridangse ofl Etgri7lAcarevsaparatiedtin® a
el ectronics 750 usable with the interfaces provided
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720, a downhol e nodem 722 and

therebetween. As shown, the electronics 780 are the same as the
electronics 750 of Fig. 7A, except that the WDP modem 720 has been
moved to the WDP portion 782, and a signal/power interface 778 is
provided to operatively communicate with the WDP portion 782.

The WDP portion 782 is provided with the WDP modem 720 and a
signal/power interface 778b that communicates with signal power interface
778a of the downhole portion 780. Connector 762 is optionally provided to
operatively connect the upper and lower portions. In some cases, this may
be a field joint or other type of connector capable of passing signals
between the portions 780, 782. The connection may be, for example,
inductive, conductive or optical and wired or wireless.

Fig. 7C depicts another configuration of electronics 750b. This

configuration is the same as the electronics 750a of Fig. 7B, except that the

WDP portion 782a is provided with additional electronics. The WDP



power nodule 781 . As shown, power nmay be provided
internally using power nodule 781 and/or battery 771

wean7onedsxt er nal power source 772. Additional PCT/US2006/030326
el ectronics may al so be pra$i ded, such as di agnostics
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downhol e operations. The diagnostics _may be used for
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system and ot her rel ated systens. The sensors may be
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time clock may be used, for exanple, to provide a tine
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gj'éﬂidr{%a& tﬁ&%lﬂf&niﬁwﬁg%%iéﬁé ?i&de;ﬁg@g endifole.

picts an alterna iguratiron tor t ectronics

750a. In this confiqurat.ion, e el I oni

aogons St aia e FpB o e B oG] Mrabod Bafea
downhol e portion 780 with a connector 762
{Gravnesiaraseay baseedsaio iQiRdhe resRacone @ZQC?%"% e the

sane as the electronics 750 of Fig. 7A, except that

t he WhinsrEdemad 9ahomasn ledtemnate cenfigwatine of\tre puracemodem
782, and a signal/power interface 778 is provided to
Q@oorgftHig.e3,\splibimol sepatate pottiorish F YD ipardetailedAdéw oftee
VWDP portion 782 is provided with the WDP nbdem 720 and
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signal power interface 778a of the downhol e portion
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Programmable Device (FPD) 893 and other circuitry.

Fig. 9 is a detailed view of downhole modem 772. The same
configuration may be used for WDP modem 720. The modem may include,
for example, a transmitter and receiver (or transceiver) 995. In cases
where analog is used, the modem may also be provided with a filter 996,
an amplifier 997, a gain control 998, a modulator 999, a demodulator 989
and a data converter 988.

The interfaces as shown in Figs. 5A-6D may be positioned about a
WDP system and/or downhole tool as shown in Figs. 4A-4D. For example,
the interfaces of Figs. 5A-6D may be configured as surface interfaces, such
as the interfaces 422 of Figs. 4A-4D, integral interface 440 of Fig. 4A
and/or downhole interfaces 450 of Figs. 4B-4D. The interfaces as

described herein may also be provided with one or more repeaters to



operatively connect the upper and | ower portions. In
sone cases, this may be a field joint or other type of
woamwTaatesr capabl e of passing signals between PO®US2006/030326
portions 780, 782. The conmecti on may be, for exanple,
i nductive, conductive or opntical and w.red, or
amplyens/onreghane-the.siobal - HRBSAterS aartdalioss: gHeh as
el ectronics 750b. This configuration is the sa as. .
theanetentdepicted i §ih SHMay ge upsd teippfave:harsigng agpp!s
portion 782a is provided with additional electronics.
gassedRRpsugh the wé@kmreont ai ns t he WDP npdem 720 and the
signal power interface 778b (as with previ ous VWP
por t i PRedBeorigurations’Alow PAmsng @edr thinde| fexibility, in
battery 771 , GPS/real tinme clock 776, ROP 725,
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Connectors nmay be needed to join the respective
béesedoni cs. Figs. 8 and 9 show an alternate
configuration of the surface nodem 200 of Fig. 3,

spl i t ltivili beswriRrstbed fran ites fore§oigg descepton dtaiviaddus
view of a controller 774. The controller nmay be
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(or transceiver) 995. In cases

wireless. The devicés included herein may be manually and/or
automatically activated to perform the desired operation. The activation

may be performed as desired and/or based on data generated, conditions

detected and/or analysis of results from downhole operations.

This description is intended for purposes of illustration only and
should not be construed in a limiting sense. The scope of this inventioh
‘should be determined only by the language of the claims that follow. The
term “comprising” within the claims is intended to mean “including at least”
such that the recited listing of elements in a claim are an open group. “A,”
“an” and other singular terms are intended to include the plural forms

thereof unless specifically excluded.



where analog i s used, the nodem nmay al so be provided

wth a filter 996, an anplifier 997, a gain control
wO28y7/m6espdul at or 999, a denodul at or 989 and aprdat®2006/030326

converter 988. The interfacds as shown in Figs. 5A-6D

may be positioned about a WDP system and/ or downhol e

tool as shown in Figs. 4A-4D. For exanple, the

interfaces of Figs. 5A-6D nmay be configured as surface

interfaces, such as the i@LAM&ces 422 of Figs. 4A-4D,

integral interface 440 of Fig. 4A and/or downhol e

WHId lerfed® of Figs. 4B-4D. The interfaces as
descri bed herein may al so be provided with one or nore
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said housing having a WDP end connectable to said section
of wired drill pipe and a further end connectable to said communication
source/destination;

a WDP circuit module disposed within said housing, said
WDP circuit module being electrically coupleable with said wired drill pipe
section; and

a further circuit module, disposed within said housing, said
further circuit module being electrically coupled with said WDP. circuit

module and electrically coupleable with said communication

source/destination.



may be perfornmed as desired and/ or based on data

generated, conditions detected and/or anal ysis of
woeswldiessf r om downhol e operations. This descri pCTas2006/030326

i ntended for purposes of il28ustration only and shoul d

not be construed in a |imting sense. The scope of

this Pnvidiginiifanecrs detirediby eladinnbavherein ggididesmunication

| anguage of the clains that follow. The term

sourgefdestingtiomia $electeldraha gmupscdnsistingesf satd uplasie

"including at least"” such that the recited listing of

eleztenicseduipment ahdsaiced@RnRe_Rodl Oup. “A " "an" and

ot her singular terns are intended to include the

plural formnms thereof unless specifically .

excl uded. CLAIM5 What is clainmed is: 1. For use in a
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bprehole, said drill ﬁtring havingi at | east one )
SEHARBICE UIRINENhis pled with &t} uphole Subngne aherginssaid
section of wired drill pipe that is part of a

eemmiicaiionspurceidestinaiemcempdsedsaibaiphdestband sai d
uphol e el ectronic equi pnment; an interface for

communi cating between said section of wired drill pipe
and a conmmuni cati on source/ destination, conprising: a

housi ag TiavihkGfae3R@EMdI/ b ¥laifidl, WitrePLSH8 DNHPBIARDI

havi ng a passage therethrough; sai'd housing having a

| id. - ' W i)
M SRR ek B AR e ey, anc
GREPRR SR & IR A RS DAL 5 tion comprises said bottom

hole assembly.

5. The interface as defined by claim 1, wherein said drill string has a
further section of wired drill pipe, and wherein said communication

source/destination comprises said further section of wired drill pipe.

6. The interface as defined by claim 1 wherein said drill string
includes an additional interface, and wherein said communication

source/destination comprises said additional interface.

7. The interface as defined by claim 1, wherein said WDP circuit
module and said further circuit module are removably coupled, and wherein
said WDP circuit module and further circuit module are separately

removable from said housing.



a WDP circuit nodul e di sposed within said housing,

said WDP circuit nodule being electrically coupl eabl e
woi2bdv/aedsd Wi red drill pipe section; and a fur PO®BMUS2006/030326

circuit nodul e, disposed wi2ohin said housing, said

further circuit nodule being electrically coupled with

said WDP circuit nodule and electrically coupl eabl e

with said communi cation source/destination.2. The

i nt er8§.athe astedate asdidiypediai caily 1wivbeezin sail ldousing is

communi cation source/destination is selected froma

dih é‘cpatsw$érmra5|esa1dic¢m’mdt§b|@lmisrrfgmnéd@@wnﬁ@laaﬁqga

and said downhole tool. 3. The interface as defined by
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an upho and ere
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conmuni cati on source/ destination conprises said bottom
meddleassenbly. 5. The interface as defined by claimi1,
wherein said drill string has a further section of
wired drill pipe, and wherein said comunication
source/ destination conprises said further section of

Wi r edy dirihé lintgifBEe a8 deﬁh@d'ﬁiﬁ&éfn@?emﬂér&ﬁfsbgﬁﬁ’o g?ﬁsa' m
1 wherein said drill string includes an additiona

SR R HBR0E AP0 ESBRM R oges nokcing

\}VE)tF?Fuousmg module containing said WDP end of the housing and
containing said WDP circuit module and a further housing module

containing said further circuit module.

10. The interface as defined by claim 8, wherein said WDP circuit

module and said further circuit module are removably coupled.

11. The interface as defined by claim 10, wherein said WDP circuit
module and said further circuit module are removably coupled by a

connector.

12. The interface as defined by claim 1, wherein said WDP circuit
module comprises a WDP modem, and said further circuit module

comprises a further modem.



7 . The interface as defined by claim1l, wherein said
WDP circuit nodule and said further circuit nodule are
woenwvabdsy coupl ed, and wherein said WDP ci r cupCT/us2asm30326
and further circuit nodul e3care separately renovabl e
fromsaid housing.8. The interface as defined Iain}
11 e The gateifa @sideined BRI ddamipasasL R shed
and connect abl e housi ng nodul es including a WP
modsiengpmpisesa d¥DPanndeq, sadsaburtied chtuit modwiRisi ng
and containing said WDP circuit nodule and a further
ERHpHSEs Atdiihér wodem.ni ng said further end of the
housi ng and containing said further circuit nodule. 9.
The interface as defined by claim7, wherein said
housing is conprised of two separabl e and connectabl e

housi ul inclu

cont ai i D eanEarATR I e Tt BB 4 W o R Sl utner gircutt
said WDP ci.rcuit nodul e and a further housi ng nodul e
QS GORBISeS 8 RAWATIROMTGE r cui t nodul e. 10. The
interface as defined by claim@8, wherein said WP
circuit nmodule and said further circuit nodule are
renovably coupled. 11. The interface as defined by

cl ai m30 Thehieterfavesas defiNdd oy claimt! dpwdhereinsaadd pawer
further circuit nodule are renpovably coupled by a

§@u%écﬂr©fndeé Dowkhasiny & ibastorms deeite setbdiyd frbai thelgroup
wherein said WDP circuit nodul e conprises a WDOP nodem

é‘&gs miggof #Jp]msrnaﬁ :pPWé'r ndmas!! £888%" bﬁa%naeftymam Bbwer

ntefface as defined by claim1
wherein said WDP circuit
source.

16. The interface as defined by claim 12, wherein at least one of
said WDP circuit module and said further circuit module includes a device
selected from the group consisting of a sensor, diagnostics circuitry, a

readout port, a coniroller, a real-time clock, and memory.

17. The interface as defined by claim 1, further comprising at least

one repeater.

18. The interface as defined by claim 1, wherein said passage
comprises at least a partial central axial passage, and said WDP circuit
module and further circuit module are mounted in said housing generally

adjacent said central axial passage.



nodul e conprises a WDOP nodem and said further circuit
nmodul e conprises a further nodem 14. The interface as
woeabiackshy cl ai m 12, wherein said further ciregirtus2006/030326
nodul e conprises a power saurce. 15. The interface as.
defined by claim 14, wherein said _})omer source
provi dés ferlagers definediby claie davhareinssaid pesaage om
the group consisting of an internal power nodule, a
Bampeisgs ahledsha pantialreeaitrab axial passagee antiGsaid WP circuit
interface as defined by claim12, wherein at |east one

afodide dnd\Bittherrairouit rodulecaramdowdabd in Baidesusthd gehérally
nodul e i ncludes a device selected fromthe group

bat 4 isagnostics circuitry, a
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menory. 17. The interface as defined by claiml,.
further conprising at |east one repeater. 18. The

interface as defined .claim11, wherein said passage
con‘pré@e? h&'nfeé%é? as éfl"iq Y e e wherein) said passrge
and said WDP circuit nodule and further circuit nodul e
sP@PHBeH Bbigasha farialnsndiahgxigbpassadey andjsait WDB irduit
central axial passage.19. The interface as defined by
olagiure and futferaircuitanddple ssageowrderin saisl Rbudirepgénerally
partial central axial passage, and said WDP circuit

adjdgeat sd cbrirbhaxiakpagdtige. modul e are nmounted in said
housi ng general |y adjacent said central axial passage.

20. The interface as defined by claim9, wherein said
passage

21. The interface as defined by claim 18, wherein said-further end
includes a connector, electrically coupled with said further circuit module,
for connection to said communication source/destination, said connector
being axially within an annular passage that communicates with said partial

central axial passage.

22. The interface as defined by claim 21, wherein said connector.

further comprises a central electronics module.

23. The interface as defined by claim 1, wherein said passage
comprises at least a partial annular passage, and one of said WDP circuit
module and further circuit module are mounted in a central portion of said

housing within said partial annular passage.



conprises at least a partial central axial passage,
and said WDP circuit nodule and further circuit nodul e
weanervmessred i n sai d housi ng general |l y adj acenPCsAaisd006/030326
central axial passage 2 132 The interface as defined
by claim.18, rein sajd- further_ end includes a
conneéftor, hee'r‘ 33 fstined by eI % whespin said passage
circuit nodule, for connection to said comruni cation
sonntiets as taashaipatialannulagpassager ane ong aisaid WDP circuit
wi thin an annul ar passage that comruni cates with said
pasdulé@bnd éinttier cixiitahogalessagenolrited Tina demtrail parmrasf said
defined by claim2 1, wherein said connector further
PROBNG St saRNIARI AhAAS paidgerDdul e, 28, The
interface as defined by claim I, wherein said passage
conprises at |east a partial annul ar passage, and one
of said WDP circuit nodule and further circuit nodul e

are nted.i,n a cent rt|on i d.hous

W ¢h oo 5T idiarS RS detineby et g, et s Lfihes end
as defined by claim7, wherein said passage co |ses
ancludessa nanmnﬁraépoam@mparelwg@@lyémw wﬂ

WDP circuit nodule and further circuit nodul e are
wirauit stbdufe, dorceonneaxtiopdotsatthcammaaichtionusdurge/iestination.
said partial annul ar passage. 25. The interface as
defined by claim 18, wherein said further end includes
a non-central connector, electrically coupled with

sai d byl Thelinkehhedids d&g’st. by élﬁfmqgnﬂ/ﬁéFélﬁ%aFd)fLﬁr@ie?' end

communi cat 1 on source/ tion. . he interface as
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ircuit ¥
or connection fo said communication source/destination.

27. For use in a drilling operation that includes uphole electronic
equipment and a drill string suspended in an earth borehole, said drill string
having at least one downhole tool thereon, said drill string having a section
of wired drill pipe that is part of a communication link between said
downhole tool and said uphole electronic equipment; an interfacing method
for communicating between said section of wired drill pipe and a
commanication source/destination, comprising the steps of:

providing a housing having a generally cylindrical outer shape
and having a passage therethrough, said housing having a WDP end
connectable to said section of wired drill pipe and a further end connectable

o said communication source/destination;



for connection to said conmuni cation

source/ destination. 27. For use in a drilling
wopes7aticesn t hat incl udes uphol e el ectroni c equippTAI$R006/030326
and a drill string suspended in an earth borehol e,

ddrill h d hol. | .
e con, sar0R AR BREOEBIHRLF iy
rill pe that is part of a commrunication
méléfP glput M%B@Ingoaiectaﬁ@"ys%@@l%%@wtfbﬁ@eltw'(ﬁﬁ grill

eqU|pnent an interfacing nmethod for comrunicating
lmmemaxﬁmmaaddsection of wired drill pipe and a
comuni cati on source/destination, conprising the steps

of : provi dlpﬂ@v@n@@ﬁjrﬂ@rmummaﬁbﬂ@ﬁﬁsméed withinnghid cal
outer shape and having a passage therethrough, said

%ﬁéinpgagg pﬁeaclv&t’t mg)@u%mﬁgmtﬁc I@/onn ggetdssgwwmp

of w pipe and a further en eto

et ﬁ?d%bﬁét ISR S g Bt i e

CIrCUIéﬁ Ie belng electrically coupleable wth said
WOHES/ qqqa IB'pe section; and providing a further
circuit nodul e, disposed within said housing, said
further circuit nodul e being electrically coupled said
WDP circuit nodule and electrically coupleable with
sai d communi cati on source/ desti nation.



