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systens for use in wellbore operations. Mire

particularly, the present invention relates to

wel | bore telenmetry systens for passing signals between

ace rocessor unit and a downhol e t ool
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the drilling tool and out the drill bit to cool the
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the drill bit and flows back up to the surface for

seibtareanean fommabiobugh the tool. The drilling nud is
al so used to forma nudcake to |line the well bore.
During the drilling operation, it is desirable to
provide comuni cation between the surface and the
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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 too[' 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 {o 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
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Appl i Yarioua wellbov® ermedy z96ierms mayein used tmestahlish dhe
whi ch are hereby incorporated by reference. Ot her data

clesivey aomenatic valsifiticd) EewhpRS of sueh systems may
transcei vers coupled to sensors, may al so be used'to
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RBSCbktin U3 PeigreNG) Bisa dlat, AracgusiicnaHeore telemelty
systens can be provided with wires and inductive
sveipm ag doserihed brCE PatentAnplcatiopNeHAQRM04985796, the
extends through the drill string. The wired drill

phiite ¢ontenisrof ayéctaarey bbyemoinoepceaictdy fededooeh @ther data
tool and a surface unit for conmunication therewth.

tbaveyaned dhidohimihiation YeolBesSsacnas dankeeiveasoliiéd o
recei ved from conponents in t he downhol e tool to the
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unit to t ownhol e tool. unernts rel ating
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126,848 U.S. Patent No. , 957,118 and U.S. Patent

Gt Giecilt 9 o Br(iges iy JcHencs copapler passing a

Systenms Used for MAD," WJ. MDonald, The G| and Gas

sionahbetweshye susiere ooit eotdbs Hovaholssian.s As3Herer, far

115- 124, April 3, 1978, U.S. Patent No. 4, 605, 268,
RyamIpie, iFbldBdr Rateoh 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 drilt
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 too! 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 Oit and Gas Joumnal, pages



Publ i shed Patent Application 2140527, filed Dec. 18,
1997, Russian Federation Published Patent Application
wo.20061663%, filed Feb. 14, 1992, WO Publi cati @@T/U$2006/030326
90114497A2, U.S. Patent No. 35,052,941, U S. Patent No.
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surface unit to facilitate conmuni cati on between the
downhdVih thwe deent andsexpeaied growth oftwired till pips technology,
desirable to provide well bore telenetry systens
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rate, conpatibility between a variety of downhol e
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uci ng conmunication farfures, | nproving
Q ctabilit i,ncrease bandwi dt h, increas. t
FIREEEAR: birolnatid B Gnd ootk BampaReERIA 48 Bunhote
downho e configurations and adapting wellbore
e PYSUIRIESURIS. var i ous wel | site configurations. WO
2007/ 016687 PCT/ US2006/ 030326 4 SUMVARY OF THE
| NVENH isntheretoren dasitabie i pewide aniristfaos thastablish a
application for use in a drilling operation that
icochmdrisatiph dink bebvessn ardectionwt pime niredrdfillspipe iand the
string
downhole tool and/or surface unit to facilitate communication between the
downhole tool and a surface unit. 1t is further desirable o provide wellbore
telemetry systems capable of providing added reliability, increased data
rate, compatibility beiween 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.



suspended in an earth borehole, the drill string
havi ng at | east one downhole tool thereon, the dril

woebhii7@s®@7 SO0 having a section of wired drill picpaseéRliososs
is part of a comTuni cation kink between the downhol e

tool and the el ectroni c equi

accordance wth gﬂ@m%i’ﬁgfl w-ﬂawentl on,
interface is provided for communi cating between sal d
section of wired drill pipe and a conmunication
source/ destination. [As defined herein, the

conmuiA fortn ofrthe Eresenhidasémiivat hmapplineh@nafoy upair a@filling
the communication |ink, between and including the
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interface), or the communi cation source/destination

Pipe that inead sharraremupination linkhatwaen dne dawebiels tpol and the
cont ai ni ng the dowhhol e tool, or another section of
Wwphola eleatiosic empipmehd imaendrdanrce with @neeinbedimeritaf el

to as a downhole interface).] A housing is provided,

timeritions an gnibeete s prayéded forlcomrmihicating Gakwesr eaid section
shape and having a passage therethrough. The housi ng
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drill pipe and a further end connectab
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taqinTBent &yl thendowphelgdpok i Fensxamplguwitngut lirgitation, the
electrically coupled with said WDP circuit nodul e and
glosununicalidy scumeidiestiviadionican hethecuphmlaietedtianic equipment
source/ destination. As previously noted, with the
aheenipriel sals plest is doup Witk thevupRdle 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 connectabile to the section of wired drill pipe and a further
end connectable o the communication source/destination. A WDP circuit
module is disposed within the housing, the WDP c¢ircuit module being

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



drill pipe technol ogy, various types of circunstances
Wil arise where it is necessary to connect a section

wohooi@dsdrill pipe to various types of uphol @crus2006/030326
equi pnent or various types f tools or other downhol e
equi prent. | f and when usage of interfaces for wired
nhodlile isiateo digposed withivtheshousiag, thefaher ¢iraitinagele kging
different types of interfaces is expected to

eleefrivali coplediwithieaidWEHR tircuismotiuldDihdb elentyicadignect ed
to various types of wuphole and downhol e equi pnent.
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present invention, interfaces are provided in an
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necesastyfecennacs e sacign of wiredadhaibedy variows wres ehuphole
it relates, especially, to the external equipnent to
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ultimately be coupled. Accordingly, in an enbodi nent
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further circuit nmodule are removably coupled, and the
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housi ng and containing said further circuit nodule. In
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nmodul e conprises a power source that provides power
webdecedind Bloek eds ipeRices 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/or a battery, and/or an external power
source. In an enbodi nent of the invention, at | east

wgrz@omﬁﬁ@@i d WOP circuit nodule and said furt I}@Tmsm%;oy,o;;zﬁ
circuit nodul e includes ong or nore of the follow ng

a readoyt port, sti.cs cirt U|tr . a Co ol | er
St npghuie” 8he adurnBRERGUIRG miodie cotinfo S fiinet end'r
enbodi ment of the invention the passage in the housing
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ar e nimuant erhbodirhbet didhe imerdiene said furthed piaadimodble
central axial passage. In this enbodi nent, said
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includes a conneclor, electrically coupled with said further circuit module,
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for connection to the communication sdurce/destination, said connector
being axially within an annular passage that communicates with said pariial
ceniral 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.



enbodi nents thereof that are illustrated in the
appended drawings. It is to be noted, however, that

woheomapsnded drawings illustrate only typical pcTUs2006/030326
enbodi nents of this invention and are therefore not to

be consi dere L [ far e

i nvention m%%ﬁ%&@%ﬂd@ﬁ?ﬁﬁ %m@k%ve

enbodi ments. Figure 1 is a schematic view, partially

in cross-section of wellsite having a downhol e tool
deployed froma rig and into a wellbore via a drill

st ri ngthat the above eetitddifeatupes and eldvantagessofthe present
therein. Figure 2A is a schematic view of an
emizovioneain 18 uaderstbed B détall, el hihe parlic asEe&9iptiba Hikite
between a surface unit and a wired drill pipe
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enbodi nent of a downhol e ace

' : it .and wired,dril.l pipe
BOfRRI e B inat §leifitssiiled 17 Bs Aneddsd Alaning@ 4R to
nmbodi nt of a em usable in the downhol e

B TR dHwVer 1R 15 annanass! dramings dusats anly typical
schematic views of various configurations of
emkadiraeats Qidbis inverliomand are thexgtare wiot telbeconisideran
telemetry systenms and downhole tools. WO 2007/016687
POTtiNgSa0G6SARRS 26r the iRventicesma aaindt fiBothiee equally effective
cross-sectional views of enmbodinents of the interface
embdaimenteent i on. Figures 6A and 613 are
cross-sectional views of nodul arized interfaces in
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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 telemeiry systems and

downhole tools.



Figures 7A-7C are schematic diagranms, in block form
of the electronics used in enbodi nents of the

wbrﬁ@y‘}fmﬁes of the invention. Figures 8 and 9pghiR¥2006/030326
bl ock di agranms of a control ger and nodem

respecti vel used_in enbodi nents of th tio
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interfestieonfdhe deventibned fi gures and described in detai
below. In describing the preferred enbodi nents, |ike
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WO 2007/ 016687 PCT/U82006/030326 9 known. Those of
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di sclosure wi |l appreciate, however, that the pr esent
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I'cations of an conventional rotar rilling
(e.g., nud-notor based directional dr|II|ng and rotary
st eer Elgures 8 wsidedrshow dntock diageams iafratcantiotier and ok,
rigs. The downhole system 3 includes a drill string 12

efivad, Wddinembodinkansbpties hlentiéh a drill bit 15

at its |ower end. The surface system 2 includes the

| and- based platformand derrick assenbly 10 positioned

over the borehole 11 penetrating a subsurface

formation F. The assenbly 10 includes a rotary table

16, kelly 17, hook 18 and rotary swivel 19. The drill
DETAILED DESCRIPTION OF THE INVENTION

Presently preferred embodiments of the inveniion 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 ceriain
views of the figures may be shown exaggeraied 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 1o advantage. In the illustrated system, a

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



string 12 is rotated by the rotary table 16, energized

by neans not shown, which engages the kelly 17 at the
wopoeroigsd of the drill string. The drill strpoyusosm30326

suspended froma hook 18, a#tached to a traveling

bl ock (also not shown). through the kelly 17 and a

knowny Thesecof aalinancskifjén the art gives thebenefihaf this | |

string relative to the hook. The surface system
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fluid to flow downwardly through the drill string 12
drillingdfegt, adubymotdrcbased directionahdrilingandnetaryisteeraple

fluid exits the drill string 12 via ports in the
j j : : [ L vengar dly through the
gg%ﬂemgbe %@nﬁ?ﬂlémnggttgilégaot?éﬁ% g‘rél'all string and

the wall of the borehole, called the annul us, as

i ndi cThadidwnlidie s¢steat BiinslatiesardrilistBag 1Ersuspeaded within
manner, the drilling fluid WD 2007/ 016687

il 664%%%?@’1 93028 dirift Bit! 14Pa1 iEfoNer e, dThe bulhde dystemd

carries tormation cuttings up to the surface as it is

Sl gt EsBhpor ot RFIQR ity BBGSAR over

BHA) , ener al | eferred to as 100. negar.th Ll
bia baisholl 1 Sranetiabiag SiierReS SodGaiar Farmrie Ssbidly 10
|l engths fromthe drill bit). The bottom hole aegﬁj@y ,
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storing information, as well as comunicating wth
shing 12 isdateThey Bidxoloy tables! 6, eriengiged byaneans seheirown,
t hi ngs, an apparatus 110 for determ ni ng and
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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 poris 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



ot her nmeasurenent functions. Drill collar 150 houses a
nmeasurenent- while-drilling (MAD) tool. The MAD t ool
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flows through the drill string 12 and the MAD drill
it returned 30 theoph &7 fpovaairculadiotr battery systens may be
enpl oyed. Sensors may be provided about the wellsite
t o coBéieat thealril, string dRetiarbys arbotivad holenasserivly ¢BHIA) g
the operation of the wellsite, as well as conditions
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welt agszoveLngsting withithaisus@cpohhe B 1081thds Indlides,
collar rpm tool tenperature, annular tenperature and
anoinbantker thingsy aotappasatusiiel O ior determining@iid eamewnigating
the sensors are conveyed to the surface system the

SAVRR Mt TrEpEMea RAies fdrhmationrF sogousding areholst11, Asich as
shown in Figure 1, an uphole interface 120 is provided

L. i . :
Rﬁrn‘fatﬁ?n ré&gﬁv@rﬁﬁgggugw,reﬁd’tgraﬁ ?édlﬁﬂorl,%ler%lt?tc(%gﬁ@h@ ray

Intertace 1's ownhol e end of

il ri red drill pipe telenetry system
%E%ebté‘sé{‘)eﬁﬂg qﬁf?gﬁ%#%r e drill string 12. A
comupj cat,i link 130 is, schenmati l,y depict.e .
bot wodhe HHA JoRdREngh ek iescsilEPtar 80 ¥ BERO fRH various
This configuration provides a communi cation link from
pthersueasurementfunetions. AN collar 194 BadsPd MeATWaT ek
link 130, to uphole interface 120, through the wired
duhiiletdritinge(MWIDS ook T heylddmtoalduitheintluges Broappratus (not
shown) for generating electrical power to the downhole sysiem. 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 power 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 welibore to provide information about downhole

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



downhol e tool (or BHA) 100. Wile only one surface
unit 4 at one wellsite 1 is shown, one or nore

w6 Ybd7agéssyini ts across one or nore wel |l sites MapcPRIS2006/030326
provi ded. The surface unif4s nay be |inked to one or

dierirbramegen SR i, Mo Toipb Rt arfhig B grature
anideoagss eNG PBCSL | B BTOYSIEpOUFIER BY thé SBnsors are
poi nt -t o-point, point-to-nmultipoint or

conveygubionthetsiriace systemhahedavethale sislem andfasdne gedace

the use of any type of cables (wires using any type
cBhtrer giecol s (serial, Ethernet, etc.) and optical
fibers. The wireless technology can be any kind of

stan ‘ig%%?%ﬁ f FRRye O/ dpRald PRerfdRCTPD lsagovidedcdt the

| EEE specCitication, Bluetooth, zigbee or any
non: S = QL -
ERIRESAR P el Hipd SoRBRTERSLER PRIRIY) 80t
PM FSK, QF etc.. | 0,74
dewnholoibndied sl sitbacta o s ST TP R Gl RRR fupm 145
data mnul ti pl exi ng technal ogi es such as TDMVA, ., FDVA,
eatas rouoi el eiiagPe, A CREVEHDIEATION 11K 13RS

wi rel ess connection can be put in the outer |ayer of,
schermiticalipsepictachbétwesngbeaiphole nderigrrored ithe sukaeuni 4.
positioned at the wuphole end of the wired drill pipe

TS eBRfiGuraliva pRoviddha copiraliicatiorlinkdem tpesartface y
connects the wired drill pipe telenetry systemto the

t%férnf\étg)g Hng g‘lf fhrodSh SHRMUNIGaticHITIRI 1 8 toQipHdld intbface 120,

rovi ween the uphole interface and the surface

nit. ti Lolad oo d t i Q-b dto
o TR NERE ol pine RSy, BPSteFy, 16 fnefinte 10Rd 1o,
the interface , for exanple, be positioned
drmialg ToelEoF 5%“*&1{@% and the wired drill pipe. The
uphol e interface 120 is shown in %@e,at gr_ dét ail in
Fi gur'@Whila onlyrage gyfaee Uniidert QR Wedsilg dJ$ 8RaWRi Phe QF more
surface nodem 200, a WDP uphol e )
surface units across one or more welisites may be provided. The surface
units may be linked to one or 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, Ethemet, etc.) and optical fibers. The wireless
technology can be any kind of standard wireless communication
technology, such as IEEE 802.11 specification, Bluetooth, zighee or any

non-standard RF or optical communication technology using any kid of

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



nodem 202, sensors 204 and a power nodul e 206.

Typically, the uphole interface is housed in a drill
woizperaegenect abl e to the uphol e end of the dri lpcT/s2006/030326
string. A VWDP connector 2082is provided to operatively

D
FiR. Epihccicus Bab aafiye e Eetnd MARE eS¢ ne

connector may be a conductive _connector or any ot her
C@@ﬁﬁ@t@@ﬁ%&&dﬁﬂén e ediemmvar A ithgysWPt h the wired
drill pipe telemetry system A surface connector 210

i s alAsihowniinl Eigure 1o e apholelipteriack is pesitiopadias the
interface with the surface unit. The surface connector

U]Siﬁbl@@n@ of the agredwritigligs &l@me@MSy@s@émC drtreaplesle dsterfbed
tolink to the surface unit. The WD 2007/ 016687

JPETAtiRAPBBARGAR Tho v NSRS et PEfit AR/ HAE surfac

uctive, wre ess and/or opti cal

GBRY B R i egud] ’a*%ﬁp%e&p%‘ﬁ' g Pl
120 to ma ure%%grgl outz ée{‘%'?f"g@r Bﬁar amat 8[%?*3@? rlplpe

etc ), rrud flow, noise, ing nechanics %
axendabors i rasarvdable %rtcttg @\eatpp&fwep thspinte) 269 %%b may,
etc.), etc. The neasurenents for drilling mechanics

far exampley bespbsitiorredybetwaepl thadop dkiveand thei wied ¢grill pipe.
Hz). In addition, the pressure neasurenents are

per f OTr!i@dpﬁblehhmcesmmbIsﬁ@wmh@eétetrdetail in/FigBes i)
to facilitate telenmetry denodul ati on. The sensors may

Cong REBAnichieR? 18 pRbAded Wii'a Biiade inctichi 200, a WDP uphole

troning an processor for processing

@»?@?ﬁ%%ﬁg"%%@?fa@g 4 0fsC RIS PR, TR i ore

?\%g%%égﬁ g}dr{ @S%ESQES&%%@&% ! 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



drill pipe telenmetry system and perform ot her

di agnostics of the wellsite. The sensors may be
wonbEaiesed i nto the uphole interface 120 or plraaak2006/030326

along its outer dianeter orisi nner dianmeter. Sensor

data may be recqrded in menory. devi.ce, The uphol

GTEetat ey BEVIRG ' ratiucuE, BRUMIG ditad, MRS aRc/or

modul e 206. The power nodul e nay generate power using

epiicak caanagnicatingewit dhe sutface sdh as a t ur bi ne,

pi ezoel ectric, solar cell, etc., fromany kind of

pot enBnalorenercgsersous 284snay baprovidetllinthe uphelei interface

vi bration, RF signal, etc. The uphole interface may

G ARABOREVAbUSVEIbOR pAahRAers2 k0B a8ltefperatbpe kup
of a power generator technique. The batteries may be

RSEHIRRIN doipg (hEA eIt 21, 1BY 1, Bl Wifing

' . lp.the wr dni.) | _pipbe syste t.he uphol e

EEBBATS B ooy MelgBb st b asBeBratia hih rotefor e aestc-
| so be powered usi, a cable froma power genperator

Wa'a%m%ugememﬁqf@aﬁﬂ[ﬁﬁs rreghanias agg peﬁe@nﬁ@@gm@wmahng

adapted to communicate with one or nore nodens in the

rates Hyeicaly 12a Hzynle aghitiopHbepressivmmeasuremendspred

to communi cate with one or nore nodens, repeaters, or

mefemed at lighacsampling reted (typiedily 4800Hz)Vicsaciieateitelethetry
drill pipe telemetry system Preferably, the nodens

dsrAvHdatibh- diheakinsefam[08AKSRd AR anafiyyirithefor si%nal

digital and anal og nodul'ati on schene nay be used, sucC
: i : : ¢

SRR Bl 1S ASRESE o Bl £Vl oM o

' aJdiscrete [ti,tone.. tc. .
R SRR nalelib 64 B0 BeffBnh ndtiaThs aadasi e indhe
of%(ggt_@ .hul tiplexing technol ogi es such as Tine )
Wredl Srd RIRGPYSIBIMe JGRPUT DIYjSe aitlof Geawmetensticsialihe wired
Miul tiplexing (FDM, etc. The nodem may i ncl ude
drill pipe telemetry system 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 device,

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 uphoie interface may aiso 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



functionality for drill pipe diagnostics and downhol e
tool diagnostics. The surface. nodem 200 is shown in

wa@b®alb®destletail in Figure 3. The nodem nay bepanalso@®s/030326
or digital. The nodemincludes a transmtter 300, a

r .
%Weeﬂgﬁf?ﬁ%? s% 3 B3 8fec AR oI K g elrater
E}%%\k%(g or d| transcei ver. The transmtter is
g8 o I?%Hgt data received by the receiver
fromthe dovvnhol e unit to the surface unit. The
t r anshetastrfasgymades 200 issadented to carsmunicaienidnese or
received fromthe surface unit by the receiver to the

tore mbdernsdh thdsadacs unit 4s ToeVDRaphalkesnotiem 202 is
transmtted fromthe interface sub to the downhol e

haabted W IMANWINGAS Withi dne HOMoMe AtRThs Cl‘épeaférg n&y! éther
from t he downhol e tool s/ surface units can be | ooped

f6ttadet e%%%%ﬁ*f*ﬁé%ﬁ?@%@%%*éﬂﬁ@fm Systef,
304

HoleranIy; thegm ﬁgv{@ FioRRe ThdiBeRRa dotuBtafioRs 2BfY kind of

BBiieland anaieg °e MR HGHPBTa T3 b HSet SRS Giphase,

Error corr ect i ons, det ect i on, corrpr essi on, encr ypt i on

érﬁquenmeshtﬁuseymgr{fﬁlﬁhlwdmturmpha@e gblﬁr-l@ww(ol?ﬁ?&)
nodul ati on schenme for the interface is preferably set

Quaairaave Armapkiuda hiddudativn (QAMINdisatate gndltt tovwe (DTS, etc.
surface unit and the downhol e tool. The baud rat es of

TREEE SRABAIcImayRaiBed |ﬁrcdrﬁl§in§ﬁd3rﬁ ¥ith any kindl data
interface are prow ded with aligned bau rates.

T e
Pty VR R (PR, B e Apeb mp e
gggtppgmyﬁg%{ Wﬁpﬁﬁoélggno%e%é tggg(gho? ut%lgi Slsélg%o tlic?st.)al

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 transmiited 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.



provided to perform additional functions, such as
setting a real tine clock, or for tine

wooyhmessiy zat i on bet ween uphol e surface and dowghaiseo06/030326
tool s/surface units. Additiemally, an analog front end

et or 19 Fksept SEASH tEhodei RV uEER RRAPRIERE, |
dhoPheuiRts MEelse BEBRLTor 165 SeBiinalsioRt Abtish Hikiaes unitfor

tool for comunication therebetween. |In sone cases, a
eepaersion sedhahiiiey may berrgseivag pyribe dewnhide deelgnd surface

where the downhole tool is provided with an internal
umit.e Efrac eorrSciidns meitedikng sbmpne ssidmcendrgptioradnd ofherfdata
exi sting nodens, processors, sensors and ot her

fraiplleton MalhR pstointed. Thamiedati®ebchdtfe30PHOhRte
PCTI'US2006/ 030326 16 The downhol e interface 140 may

t LAt

SR RERST Tt 88 PR RE bBpab R o RunGHiRE hotitn e

32 h , 4
RSB A0 anf 50 HERPBTREE 5783000 B SRMAG i
USNIS 051148 BUKacR HAt eRG TISHIRGBIS Praviges S8t Sgned baud
downhol e nodem provi des a conmuni cation |ink between
reies.\Bimiial iae baudysteseiihe correspendingdnedamsienthe i n
the downhole tool. Additionally, a downhol e connector

daanholel toblean the dpldblennigiface apé alighed.sur f ace
connector. The downhol e connector nay be wired or

W r el FRE m@RBnPuAY 8IS i@ Pravigits id Mere aRMH! e G6e.
optical connection between the WP telenetry and the

et cabRbslTRaY Y Gt feytkiyorRe o vely

PP DRI, A oL BRI S REHS58, o i bo
provided to perform additional functions, such as setting a real time clock,
or for time synchronization between uphole surface and downhole
toolsfsurface units. Additionatly, an analog front end (amplifiers, 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 therebsetween. 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.



and/or surface unit is perfornmed according to a
prot ocol. The protocol defines the format and

woaeicee7f or signals that are sent and recei vegrhi2006/030326
the interface. The protocolighay be, for exanple, a

Commiie aRwiidie TehEeE A0 oEThETahR ek e uanole
AdePRGERsER bR N Aovangle, YR By ey Wi A WER™ 1 °

Alternatively, a given telenetry sgstem may be

b
dawanhodel maslend 320 adownbple Mosiest 82202 WhE Gannesiyded and

The protocol and/or baud rates for the downhol e
a déwenhaledoohsorivectnji2e. ethe downboleintdriaca providesce,
and the protocol and/or baud rates for the uphole

coMrAthRagoATMK baheeerPtheawhiisls astetfact adanatoNrthole
interface. WD 2007/016687 PCT/ US2006/ 030326 17 Figure

i“teﬁ%B@!“ﬁ‘ ecc%\bﬁ(héi? !?li\é‘de‘rngxéfﬁﬂé@ayc&ﬁnﬂﬁ&fa'ﬁ% Sink between
8h rgurations uflilizing one or nore 1 nterfaces. The

I n ces b oSl ki a ] .

tpE VP FEREmP B! YRR S PEPREE hisrocutBRngt 15ine dpwpgle
uphol e interface may be positigned adjacent the taop
taph VAddifiagall ardewnhiale §oaRector 38RV RS TRgCed In place of
anot her exanpl e, one downhol e interface nmay_ be .

the surfacaadnadptace Thetdoavniiiale goaresior piayde wiregarwireless
system and another interface positioned further
dinl\piovide ah inmductibe, cmshictive or oplicaliauneetidn betwesn the
wred drill pipe telenetry system 445 directly

WO RIE RSty HewWdalilé esdl. 4HS WAIP seheddetof 824r f ace
422 1s positioned above the wired drill pipe

A BT eoRHERE o SoRRP LI PESyfiQulf pipg telemetry
thf downhol e interface may be fornmed from existing
¥8%ons of the downhol e tool, such as processors,

CormpOREATaLGAaTH B e BP A e B Bt B AR e 20!
and/or Surface unit s periormiad Gocording o 4 protacol. The protocol
defines the format and sequence for signals that are sent and received by
the interface. The protocol may bé, 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. Altematively, 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.



each having its own downhol e interface 450. An uphole
interface 422 is provided at an uphole end of the

wdBRRT16gest Wired drill pipe telemetry systenpctfi82006/030326
downhol e interfaces 450 cagy communi cate sinultaneously

or independently with the dowhgle tool 410. Fjiqure 4C
depi drigufaifscpeetatisalhbteniclsad ¥aretyqf Ressi cppiiglisaions
downhol e interface 450. An uphole interface 422 is
wiilizingoene at moreuniediaess.embie diitetfacesvmatibel positiopegat a
telenetry system Figure 4D depicts a wired drill

Viriety belozatibny afors e vislisiteg Forlexampie Lpie bthe uphole
interfaces 422 and multiple downhole interfaces 450.

M@%@%ﬁg %%f&oé?ﬁ?ﬂ 866M3RE48p diibe ,Fé:gd' BfofhRr JGRited S

an exanp an 1nterrace 500 for use between a

, arill. o h : . .
HbBE APkl Byote S le ofs dobnile flafihos Indl
hol. bl y, h, the BHA 100 of Fig. 1.. T
positaradgesnt e el ahil Bisgh IRines Syatetimsic et
524, a downhol e connector 526 and el ectroni cs 550. As
interiace positiened further downhple plesothe sewnhwlatealnner '
surface of the drill collar to permt the flow of nud

t her eFiguoaidiA sivowsdivdeacedrilbpipetelemetonsystaned45 directly
el ectronics are preferably renovably | oaded into the

E6idcte@td ardowtthdi® tal &d oage aghola intface a2 i53ositibned
housing may be a drill collar or other tubing or sub

iﬁ{’\é@m{@?ﬁmt@?a .eﬁg Sfonind/ &Ewﬂ%m?dﬁgaa%gl&m is

rnative ousi n y be part of
/ g anBr ahl y .

e B AR 8 e T an Bt BB el iR ydace
drill pipes of the VWP st em,and/ or, downhol e taool .
v faimeckiameistngporans pEIRdodhnde BP0 sligh 83 « 1
mating i nternal threads adapted to threadably engage
Rrocesaptss smdemms andmther deyicesiakforinepedionsdfiton
therewi th. The ends may
components.of the downhole tool.

| Figure 4B depicts muitiple 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.



optionally be box or pin ends as necessary to mate
W th adjacent collars. One or nore such interface 500

wBYo7RGsg9nnect ed together or separated by adgiyiRak/30326
drill collars. The interfacggmay be inverted, so |ong
as the operatiye connections are te o.their
o s pelionib SAGRcts AREXRSPBGR unisags S0 for e between a
downhol e connector 526 operatively connect the
wired dirill pipe system, apph agdhe witathditheipesystesn d 45t @fdfig. 1 and
respectively. The electronics 550 are used to pass

a ideamhsldiomeebottdimchdlPRssgsibiynsach asithe BHAHOOoftRig) 1.
The el ectronics contain a WOP nopdem 520 and a

TR eSO AU SRR T PP OnPeaR e e 25

GO RBSE B BRI 307 e bR cleatonies
M o4O i SdaB THATR RUE
read out port 525 nmay al so be provided. The read out

poid thpralbransh asingicated byke agiops: (0w elecirpBicSalanpl e,
when the tool is retrieved to the surface, a surface
prefératpby rdneovehiyg pedicidinto theedrilkeenllan eangonountedragainstae
data, insert conmands, term nate power or perform

ahdbgiepsgredures. Fig. 5B depicts an interface 500a
with a partially annular and partially mandrel style

cont ! g1 dighihg hal el A6l 28fiar drohieeRiting bl Yub BenhedRble
as Fig. , except that

( S ( a portion of the Electronlcs
Lﬁvﬁf‘@’#%%%s* é‘v@fsg %%b?‘%@%&"%ﬁ%mﬁé‘gs&t i ey
i ing 5 in, Fig. 5A
aeartiabe WOER Gt Srerd8urbdeief d2tiuiaBie end sor
positioned in a mandrel configuration within t

h
Rod S3Rqredhraadably,connasied i BoRRERANCNEENAPIGS @iHEe WDP

i nner surface of the housing to support the
eystetir and/os d6&0hpleatodl.hAsshown, 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
opé}gtive connections are mated to their respective tools.

The WDP connector 524 and the downhole connector 626
operatively connect the interface to the WDP system and the downhole
tool, respectively. The elecironics 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



apertures therethrough to permt the passage of
drilling nud as indicated by the arrows. Figures 6A-D

woemi7mheggar i ous configurations of a nodul ar i nperfiR8&6/030326
for wuse between a wi red drigl I pi pe system such as

he wired drill e system 145 of_Fig. a
bunHued s o5 T Sealiores shasadnigurts 2 28 apda.
BHA 100 of Fig. 1. As shown in Fig. 6A, the nodul ar

Figuies 7fe9 dbshate Rddiionakcorfigsratipracier the weptrovissas will be
624, downhol e connectors 626a, 626b, and el ectronics

deseribédbiirthekbeddwown, the el ectronics are positioned

on aninner surface of the drill collar to pernmt the
flow of F? BAO Wk @ﬁab’@aﬁ.ﬂ'@y §U&P8d a read ut port 525
PCT/ uszooe/ 03032 20 1 n |cat ed by the arrows.

A LU e TS TG Yuf SR KARIded 9346E 1o tggo “the

ran nnun g an 1 nner sur ace
t ereot. The housi e.t .
G- gt TP e phBhdne oo g8 Forevad s healtachna
domnhole end 633 is a pin end with threadable

suHaee LnBrivay be Rivaged inNe e addest PrAdoreirieneidata, insert

respective tools. The housing may be provided with one
commards, darmninate pows60r pefform othergurocedsre860 provi de
nmodul arity for the interface 600. Portions of the

i nt er fRAg.SBeephts aaligetare 5Y0aaites peetily aenaiedsd.
The connections may be for exanple, shop joint,

?&era anéﬂil‘% I8 onfGirddn. Miclh SODQ'|§b§seﬁt|3ﬂl the same

ively co nect p rtlons of the interface.
3300GcE BRedif t@él‘%?%?‘ i 9?5 bﬂ% fs?o%rt@%% 'ﬂ?ang
riandie Bl IV her Profds, ooy GBS

portion of the rel ated |nterface and where the
MeRfiiebed aleng th%lrtﬂ@v sUEaes ohhousing EORALHIGWY In FigaBA, and
second entity may devel op the downhol e portion of the
iamoghdrgemtion of the slecianies 550bhareipusdideckinreamadrel
separately manufactured and then jointly assenbl ed.
configuration within the housing. Centralizers 552 are positioned along the
inner surface of the housing to support the electronics 550b, 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



El ectroni cs 650a, 650b are preferably positioned in
separate nodules to permt separate assenbly. Wile

woOwm7aRess7of el ectronics are depicted, additi ea®hus2006/030326
nodul es with additional eleotronics nmay be provided.

Tfcpa B/ RofHEs. The eidEes okl Br S8R oo Bies
SoiEe rRoRaT b oS Bk SRt an

el ectroni cs 650b to downhol e connector 626b,

r espedifievieusing may ke thesameras, inlFigkBA. Asashawn irpBigt §A,

or other devices may conmunicate via wred, wreless,

wphaleyetd p81 ¢4 atox@wd, aind dewnisie Bndse3Bisap plrméhd &0
2007/ 016687 PCT/ US2006/ 030326 21 connection. Were

SRR ieong 1 R00) ORI a1 88Heqh oob.
and ¢ e RAIRY BB SRR §A P gt Byt anp.

< imectoh 680 PrayCe raeedlae 1or heoiiRizacs, BOGo ket of
operatively connectable to the downhole tool. The
éﬁ% bitedace maysuselestively conneelgdias sepasatedgfdiesconnections
bet ween the WDP system and t he downhol e tool. The

ghaycbe dor @anyEieashom ibivh threaded denldereeld waddddh \orraghar joints
WDP nodem 620 and a downhol e nodem 622, respectively

ttioateopriraiively botnesiaidriiong bethetinfertige. THOBORIERIORs permit
such as 624, 626a and 626b may be positioned at

\Sdbheiidn dr88iteRacYakHdbekbsn/ fﬂéeé)fﬁggﬁteiféﬁrgaﬂﬂgnéﬁcé‘ﬂr

operative connection 1s provide

SHESIE, Por A R AP Sl ooy
9 B B0y BBl LBt S Hid e,
and where the downhole teol is developed by a second entity, that second
entity may develop the downhole portion of the inferface. In this manner,
the interface may be separately manufactured and then jointly assembied.
Electronics 650a, 650b are preferably positioned in separate modules to
permit separate assembly. While iwo sets of electronics are depicted,
additional modules 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



shown in Fig. 6A read out ports 625a, b may al so be
provided with read out circuitry positioned therein.

wbebo®iéwapl e, such read out circuitry may i nclegdas2006/030326
sensors and ot her el ectronimgs, such as those shovvn in

Figs. JA and d scrlbe furt herei n. The
binectih rghs s soRRStiar Siha 2oidista pamtedn 688 can
525 of Fig. 5A except that circuitry may be provided

ﬁlﬁ'@'l‘@nﬁlp@tﬂ'ﬁ%y petused. connections and si gnal
transfers. As shown in Fig. 6A, one or nore additional

c onporidwet WFT eomsctob@24 asidithe mesvrihold bennedter 6282 may be
performa variety of additional functions. For

thaspine, ad ihe cvineetnd G2ARE28Er tntrel p tfé:hﬁlg an
vari ety of downhole WO 2007/ 016687 US2006/ 030326

24dRPAEAS! ARSnafie Eo@ﬁhg%mr%&méiﬁmﬁgﬁe REES YW as

power generati on, emetry, nenor

S PR S P A e
an[?n'!&ﬂo eﬂ" chﬁ%%a&%s %@g%g%':'rQPA ises %éﬁbsgﬁig@gl_s As

shomn el ectronics 650c are additional electronics
petveenthedMOP systermand the dewnhole twiobnghe iededtronics 650a
surface of the housing 602 adjacent the el ectronics

66d850b aretdepitted a83GVinga VB Modeat620 andrd dewnheles
652 in a mandrel position within the housing. 1In this

aotierg 622 fapectily i@ eHhBle ESMARFHidABNTRYrdIBoIRPAr at e
al ong connection 660 such that a first portion of the

CHREERES, SRR 654 U5 5.9&@ 85 riaPBe yégnt%%gagg@%%s

second portion cont’alns elec roni

S be |ded to

85N Wi 4R 1255 58 "0l B alpRravs SomneeiiiFend
631. h coupler 624 and threaded end 633 with

‘e connector 626b. Fig. 6C shows an alternate
nmodul ar interface 600b. In this configuration,
el ect Asiitionabeigatranies poay elseneel ingludeyl, sbiehiasrtbe electronics
surface, and
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 therein. 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



el ectronics 650e is positioned on an inner surface of

t he housing adjacent electronics 650a. Electronics
wo6 20/ 01668pr ovi ded with WDP nodem 620, and el e®icrary2608/030326

650e is provided wi th downhml e nodem 622. Preferably,

el ectroni ¢cs ,650e, are renovably positioned wthin the
&’PPFEF‘ s BUph aF’r?‘qVYh‘%e Sﬁﬁﬁ'ﬂsr@é M%S%ar%ﬂtnoaxtﬁ raengEon,

may be separated fromthe interface for separate
fielEmesiyamamonnat atheaopergtiossc. As shown in Fig. 6C,
t he housing has a first box end 631, and a pin end
633a. Fig @ showsah allemate ¢drdigrmaitonref/a lmeoddar imbetfane 600a
pin or other WO 2007/016687 PCT/ US2006/ 030326 23

GOHEESAhO S tﬁ@nﬁbbﬁlaﬂnt@ﬂ@é@soas oy Fgg)rme@maﬁt {ae additional
|nterface with the dril string and/ or dovvnoetoo

@' ! ég‘?@b a?e"%%?ﬁig‘“a%au' SR o
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rmndrel configuration. Downhol e npdem 622 | s .
ﬁagfﬁpf-' Shéhe hﬁ@ﬂ%&%@ﬁuagentébefew@fom@@ﬁ%cEd@qswrw& #50d
t he downhol e tool. Centralizers 652a, 652b are
@ire eugporied osmmmalizemeﬁﬁ irca mandrel pagifion withirhile housing.
housi ng. Centralizer 652a may be, for exanple,

$ni s coafigmativhp tredmodbauicohhectidrentaydse ssparate along
Centralizer 652b may be, for exanple, a ring or

BhABELAHSE60 'sBich YRMOA first gértﬁirﬁéﬁ thanhiestacklidntalh %Iectromcs
confl gurations shown in Figs 6D depi ct specif

Dab: Wﬂa‘ﬁd &'sﬁ&éﬁ&’ ﬁbﬁ@n ﬁﬂ?ﬁéte‘fé&r&ﬂés 85{98 and 650d.

in a ousi recra
R FERgR ot %@%&%@F%@w Eon%ramf ﬁHB@pheus
| ocati ons about the housin ures 7A-C

SERarAtoNs. tar fammie depthiea gn éﬁélwlﬁdcwiélﬁf g24 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 removabiy 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



the electronics 750 usable with the interfaces
provi ded herein. As shown, the electronics include a

wiBhti7nmekem 720, a downhol e modem 722 and  powvepcirfdgdde/ 030326
781. As shown, power may besprovided internally using

tter (71 and/or ext
E@tﬁéc@@%“d@@aﬁ%ﬁ%%‘w Grechngelrid 1EPiarg wih 2 g
ovi de gnostics 773, controller 774,
g{!S @‘%Pr@ﬁ time clock 776 and read out port
( ROP) 725 VD 2007/ 016687 PCT/ US2006/ 030326 24 The

cont r bi9. 8D shgws enalieinater mpdulas snteriges BoBal The modular
anal yzing data, controlling the power supply and

e fface60Qc mdybe thesdwlecaiher mbioRs interface 8068 P Fid. 6T,
may be used for nonitoring the el ectronics, the

gRyspiah&t thb@[’éctrdﬂi@s @QBeS% it sdirdrfieP65% in a

systens. € sensors may sane as the sensors

L
T
o dgé(l é’?p gu?zﬁlgnpﬁtgc\} ﬁbf erﬁogérn%oﬁ@t%gpﬁaeigctromcs
S et BTy w&ﬁqﬁm NEnelRBoks " he read ot
port 8}25 descri bed herein. Figure 7B depicts an
al t er kghiraliznieicharabbsh arrarprewae@ @ supReIt tie gBaioniosB50f

this configuration, the electronics 750 of Fig. 7A are

dparhausing. nCenializap52s miayrbe? 8, exampla, siopwdrtd positioned
portion 780 with a connector 762 therebetween. As

abowtrthe tehectainied. r OshtraliZ&®B5RtEma s foreainpiBea rrng or
el ectronics 750 of Fig. 7A, except that the nodem

d@BehasedRESUPIRY fHb bRclBRICAPP portion 782, and a

signal / power ‘i'nterface 778 i's provided to operatively

%8??‘@"%'?2‘5??05%“@0}45%% hdah FaptliierEl sBeine °°
%*f% B QIR EmES or PR e PRb dpYIGRS Wi For

780. Connector 762 is Oﬁt' onal Iy provided to
housrng, 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.



operatively connect the upper and | ower portions. In
some cases, this may be a field joint or other type

wehoBRIAREL Or capabl e of passing signal s betV\B?OThJ’S;%mﬁ/ososzs
portions 780, 782. The connggtion may be, for exanple,

w r o) L8 Sopfrgietipbiy b Had B o<t FohiE, haip date,

el ectronics 750b. This configuration is the sane as
¢opirqlling theopewer supnly gnd Regioring eihes slownhele pperations.
portion 782a is provided with addi ti onal el ectronics.
The d\&ghmm b Gesd f@cmpmmﬂm%elazﬁon@s fherdovenhole
782a contains the WOP nodem 720 and the signal power

iool,ahé JUBP yiddm(aml sinbh rglatad SyseMBP TheY ddiiwdrd fiaydbe the
F|g 7B), plus power nodule 781, battery 771,

$3me, etéé?‘f;g% g(lﬁig 8?1( g& 2 77%@P§ﬁé‘§l‘%fn§e rz.l%'ék may be

controller 7 an external power

0ok BRI BRovid f Yine RBimE b Tila Brauied rom e
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el ectronics may be provided. Connectors nay be needed
ihe eadputpert 8gp deseriedeherein.oni cs. Figs. 8 and 9 show
an alternate configuration of the surface nodem 200

of Fi BiguBe 78udepicisraralbapatacenfipuration for the gledranicsa750a.
detailed view of a controller 774. The controller may

kethiy evifitR@ation,the elARRREPTSG B2 Fig. TAEYYs ted into a
Appl i cation SpeC|f| c Integrated C rcwt (ASI )/ Fi el d

FOP R L0271 Faile BRI, ST,
@%3%?%%%%“ 75 Bhati, RYeRipe 7o ¥ 5?&%“%87 T
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996, an anplifier 997 %al n control 998, a
rswerde dhe YSOP portiens8al and e sigeal/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



and a data converter 988. The interfaces as shown in
Figs. 5A-6D nay be positioned about a WDP system

wa@hhRicepwnhol e tool as shown in Figs. 4A- 4D. pEPfIS2006/030326
exanple, the interfaces ofzsFigs. 5A-6D nay be

conf i ed as surfa Lnterfac S S .
pAfonfieaccdiBamith o tnadaR 720 aBt it siihel PPwet injggace
of Fig. 4A and/or downhol e_interfaces 450 of Fi %?W
ZE8a (s with pravieps YW PP pertiong$e ofidda. Hk lvs RayerMmasiulp
provided with one or nore repeaters to WD 2007/ 016687
PET/ higR09 770 3 C3%H re ddinaeplocky? 76) RQP 7265 haneorsiva's,
signal. Repeaters and ot her devices, such as the

BBARONt T4 HRriostts 973%n exerie posed 772, ITHIS evafiglration
signal as it is passed through the wellbore. These

. L I ; . ¢ b Lid
BN ACE Vo Y e G R R0 d WtEIne ariir bl
drill pi tel enetr tens. Ln | L t
Poytane il blasoAs  WhBHEoiohSHE bePBiaobdlfor,
separate interfaces may be u? d. Miltiple inée ral,
PRFINEROMRIRKG variys prriigge gl the elgeirpnigs ruaibe Aratded.
fromthe foregoing description that various

Gssinectoss masba mgedadrig éein g respaciive eleciiamicsr ef err ed
and alternative enbodinents of the present invention

wi t hoigs] Spand ratolvy amaitemdte wenfigunaiion of flee saKaceeadem
t he communi cation |inks described herein may be w red

200 IHFG! B Spiit Fﬁ@s@?&hﬁé@oﬁtﬁ‘lwdﬁi . Bes gidetamsd View of a
manual I'y and/or automatically activated to perform

57 PRSP e 26 RGOVt B a0
SO B9 A TEBE SR Tud BT SRl o
Fsnateraabie:Davice (- it goscand o 1308 of t hi s
| nventFlig.ng 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 transmitier 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



shoul d be determ ned only by the | anguage of the
clains that follow. The term"conprising" within the

wo héi7meesss | ntended to nmean "including at | easpET/US2006/030326
that the recited |isting of26el enents in a claimare an
open group. "A " "an" ot her singular terns ar
ampléfyi @ad/arseshapa ne $I9@gg Fﬂ?ﬁ?a’fﬁfﬁ %3 Ohi% SIEEn PE@% as
specifically excluded. EP 06 789 337 CLAIMS 1. An .
thetreodenm elepimitd (MLPig, 911MRY Bo0sed tojmpievedbe signal as it is

drilling operation that includes uphole electronic
bdeBtBfughthe avdliberalri | | string (12) suspended in an
earth borehole, said drill string including at | east

o TS o st
S ot S o g <

coupling in said drill string, for conmunicati .

Setbmen T adifign do M fiayts, teBiest vafiSF BRI RS of integral
conmuni cati on source/destination_g4; or 100) .,and bein
amcseparaie inserfages mayhesuses. (Nodtiple injearg! it may diso
cylindrical outer shape and having a passage

béesetihr ough, sai d housing having a WDP end

connectable to said section of wired drill pipe and a

f ur t hRRieBE LPRBRRGHA Mo tit frbdoing@ivsariplian tran various
source/ destination (4; or 100); a WOP-circuit nodul e

ﬁr?o%?ﬁc%"ﬁo?fs’—ghg %héﬂgé@% b bE e rttnBptsicibd & diteiiBiive
ul e e

circurt no ng electrically coupleable to said

wired. drill .pi ' d : M2 eCileh & Wl
HisthpPieais ! 86 Bres TR i Ehyob o el s tie i
said further circuit pmodul e being electricall .

5 Srample. e samaiatan s dowsbed Hersls S8y e red g
el ectrically coupleable to said comunication

wineless! dehe denigesincludecohereipmaybe mgaually 8peigte t ool

of claim1, wherein said comunication _
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 invention
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.



source/ destination (4; or 100) |Is selected froma

group consisting of said uphole electronic equi pnent

(4) and said downhole tool (100). 3. The interface EP 06 789 337
tool of claiml wherein said uphole electronic

equi pnent  (4) is coupled wth an uphol e sub, and

wherei n said conmuni cati on source/destination

conprises said uphole sub. 4. The interface tool of

claim1, wherein said downhﬁmmylgol is part of a

bottom hol e assenbly (100) having a conmunicati on

capability, and wherein said comrunication

ot oy . . . _
(i) Pt 6, O20P1IG SR00) KFLIET S peatoh tra
clinelides uphelesiectmiaequipment (4)iang 2 dil string (t2)suspraded in
Sehl & B{xdﬂ'ofee %aﬁ!"dhjli stﬁ?g fhelddifl E@%E&! éhéabﬁgtl\%’e tool (100)

conmuni cat i on source/ destfnation rses s

f Lancha setian ofomired doll pipe (MYDP) (145) that 6 part ef & sommurdeation

i sl s oA oty 39l Sl o e bimmen,sai

sdhterfacentortibeing adapted fercoaupling imsaid drill stingrfos eamguinication
it ¥ . i | of

o1 Bt gt Spid SHchoh 3¢ Gfel o e 368 o FHLARBIAPC 3,

arepuses/destinating (4,com i) @nedring cizrectezedby) are

renova : :

modul ekgaﬁooi sa# l}rht%ﬁg‘rg é(‘:\llggéﬁat“y E@E‘S‘f'égg?‘gé@é ar%qdefl?/vmg e

r pApsape sharethrough, ¢aitbbeusing having a WDPrerd renrgdtalle to said

(0580 of Wielach sife Bhd Lol R E0rheE il RPN s ng

noRRIM@ynication apwgedteatirationid ond0@kdul e cont ai ni ng

sai d V\l}\mgﬂ : i b AR HinSi id
circuit no ufgé?lgg‘%dgg@l%%r?r?g) g%PB%CEer_ ' o.usl(fjngmg' =a
nmodRcicauikrapduligPeingelgciricalinepurierble to said witridmlhpiaad
CofdcAbRi(14E)Sahd further circuit nodule (200 or 322).
a further circuit module (200 or 322), disposed within said housing, said
further circuit module being electrically coupled with said WDP circuit module
(202 or 320) and electrically coupleable to said communication

source/destination (4; or 100).

2. The interface tool of claim 1, wherein said communication
source/destination (4; or 100) is selected from a group consisting of said
uphole electronic equipment {4) and said downhole tool (100).

3. The interface tool of claim 1 wherein said uphale electronic equipment
(4) is coupled with an uphcle sub, and wherein said communication
source/destination comprises said uphole sub.

4, The interface tool of claim 1, wherein said downhole tool is part of a
bottorn hole assembly (100) having a communication capability, and wherein
said communication source/destination comprises said bottom hole assembly
(100).
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9. The interface tool of claim?7, wherein said housing

(502) conprises two separable and connectabl e housi ng

nodul es i ncluding a WOP housi ng nodul e contai ni ng EP 06 789 337
sai d. WOP end of the housing and containing said WP

circuit nodule (202 or 320) and a further housing

nmodul e containing said further circuit nodule (200 or

322). 10. The interface tool of claim@8, wherein said

WDP circuit nodule (202 or 320) and said further

circuit_nodule (200 or 322&n are renmovably cou(pl ed. 11.
The i ntEhe interfacedpobef daim f witereiearid drill sking (d@bhas a further

ci %ét{ﬁgh ( edr 134 Q4nd ﬁﬁ@ﬁeu d B ﬁiéét[)bﬁ sdré&dbdtination

'are renov couple
cmmmsmfme@sew Q‘GWifed duill pipRe |nterface t ool
of claim1 or claim11l, wherein said WOP circuit

rmdule_&ﬁoz or 320) conprises a WDOP nodem (202 or
328) intartnoe topt el claiey 1. cunareiuRaid Nl siinadA2Einpludes an

oA 5464 R, RO Ly st

ci ¢aroprisesRaid additigoal lﬁterf?!}@)to‘dorrprl Ses a power source
(206). 14. The interface tool of claim 13, wherein
sai d power source (206) . provides power using at |east

oné devlheintesface: togl ofrdaim 1 whereinugaid YWRP Sircul mastuiey (202 or
| PSS)HA SURIRItHER it nbdid {280%r 3208 aRfirediéRibiPtoupled, and

power’ source, .. The interface tool "of cla

whherein gaid WE’& ciggnit raeduig jagd\apjs f@rthewfcuﬂrmaﬁu'e are02
O geiifatel ¥éntVadid HéH’@a”ud fblgiHg (5omdul e (200 or 322)

i ncl'udes 'a device selected fromthe group consisting
of a sensor (204), diagnostics circuitry, a readout

pogt, aTRPimtdrfddetool 6F IR 110k BRI 70 Wherdi QaPRBlising d502)
The interface tool of claiml, further conpri si

| cBRTPERRS NSRaRasable apd coppeciahieiqusing W@SP'%‘“@S@'FE@ WOP

1, hdﬁ!ﬁr‘ig?h'ibd&lﬁé @b.ﬂaﬁ.&ﬁp@aue QBPichAGf e h6@§hg aﬁcdi Rehtdifthg said
ntr n V\DP

ce T eirebm o gB %8% or (320?an3 a further) hou%nng module containing
sald further end of the housing and containing said further circuit module (200

or 322).

9, The interface tool of claim 7, wherein said housing (502) comprises two
separable and connectable housing modules including a WDP housing
module containing said WDP end of the housing and containing said WDP
circuit module (202 or 320) and a further housing module containing said
further circuit module (200 or 322).

10.  The interface tool of claim 8, wherein said WDP circuit module (202 or
320) and said further circuit module (200 or 322) are removably coupled.

11.  The interface tool of claim 10, wherein said WDP circuit module {202 or

320) and said further circuit module (200 or 322) are removably coupled by a
connector.
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(202, 320) and further circuit nodule (200, 322) are
mounted in said housing (502) generally adjacent said
central axial passage. 18. The interface tool of claim
1, claim7 or claim9, wherein said passage conprises
at least a partial central axial passage ((Figs 5 and
6). and said WDP circuit nodule (202, 320) and
further circuit nodule (200, 322) are nounted in said

hotssi NnFHeSRBFageesIadf|cyaimdi alcaain w.i ».dhsrem 4t VWBPadircuit

PP aode 20 pr 30 compriasce Wi BladBin (402 it Sng egiahurtner
el @RuRinsedule #M 32R)Womprivas & fﬁﬂhélhﬂbdémr(QODtor gyl e

(200, 322), for connection to said comuni cation
source/ destination (4; or 100), said connector being

aX1 &l m\u Hérracértoarmilaam T2 wiesin [Sanf furtheBireliCmoasle (200
h3 artial central ég% passage. 29 EP 06 789

HSES A ROV SOUKH -claim 19, wherein said

connector further conprises a central electronics
nmodul e._21. The interface tooI of. clagm1l or claim.7,
& i @08)

whishei nThednte dogef ciin 13, wheseip S3i0 pewersuree
pqsrbv:a mgawek akingaft $eHik ohEidavice sefsttéd fromme@ieupf:onsnstmg
circuit qule 202 3 % and further
c.qfam ipt%%!mwm@u Hery, a £Xteal POWSL FouLge.
portl on of said housing (502) WI thin said partial
ahB e T AT gl alalm 14 itadh 3t iRt ofe o said WP cirouit
cqntaﬁmquoi 2P 820y ard Said farttiesrtdi ﬂcumhiQduW(EﬂOS@i' 3%2)&1@@41@5 a
u er ection
& e st o IS oPp SR00FG 4 4 shrsorf204F Siagstiy

circuitry, a readout port, a controller, a real-time clock, and memory.

EP 06 789 337

16. The interface tool of claim 1, further comprising at least one repeater.

17. The interface tool of claim 1, wherein said passage comprises at least
a partial central axial passage (Figs 5 and 8), and said WDP circuit module
(202, 320) and further circuit module (200, 322) are mounted in sald housing
(502) generaily adjacent said central axial passage.

18. The interface tool of claim1, claim 7 or claim 9, wherein said passage
comprigses at least a partial central axial passage ((Figs 5 and 8), and said
WDP circuit module (202, 320) and further circuit module (200, 322) are
mounted in said housing (502) generally adjacent said central axial passage.

19. The interface tool of claim 18, wherein said further end includes a
connector (208 or 328), electrically coupled with said further circuit medule
{200, 322), for connection to said communication source/destination (4; or
100), said connector being axially within an annular passage that
communicates with said partial central axial passage.
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20.  The interface tool of claim 19, wherein said connector further
comprises a central electronics module.

21. The interface tool of claim 1 or claim 7, wherein said passage (502)
comprises at least a partial annular passage (Figs 5 and 6), and one of said
WDP circuit module (202, 320) and further circuit module (200, 322) are
mounted in a central portion of said housing (502) within said partial annular
passage.

22. Theinterface tool of claim 18, wherein said further end includes a non-
central connector (208 or 326), electrically coupled with said further circuit
module (200, 322), for connection to said communication source/destination
{4; or 100).
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