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Abstract An Aaﬁrrlhngtumi;orfmemhses d deviteishitablgfoo drilingdwedlirtpré oothe Hkevehs theor e,

t he apparat us..co ownhol e nber such as drilling device or a
prpdutF:)P i on GEUW&SB‘%‘A‘#‘@F\%’%’&H § grogp 581“1’&}’“%?13{‘%%%@ thegogl lieﬁ‘%ﬁ‘?sd”f“’@uch as a
drill 'stringlq plopdseddufn Ol UHEnIRe fobR Hri@ﬁslﬁ@f@x‘iédal 3 t%%%u‘{n%@édoﬁ%cg gt ubul ar)

control means for controlling the rotation o in ordef to
transmt i nfdfiligidiffereitdungtions fiorn diillingtocdsykt eving sindlar datardquitements tve

rotation of ldt bu ar dfo said ipformation fransmtted
al ong said f’H gﬁlgﬁo?% etred eqﬁgg' Qﬁ&@%oﬁ‘coge %{&Bﬁma& u%?ﬂ#’ﬂgtﬂﬁ‘gl erm ned
by the drilling rrerrber fromthe rotation of said tubular. The invention

also relates to a nmethod for communicating with a downhol e tool using the
appar atus. The recognised term in the art for the method of transmitting information from the

drilling tool to the surface is ‘telemetry’. Telemetry can be achieved by many means,
for example, ‘hardwire’, where the signal is passed along a conducting medium via

electrical means and to which the drilling tool is attached.

The above telemetry method requires the provision of a separate communication route
for the electrical signal from the surface. This provides drawbacks in terms of both cost
and potential reliability as the signal must reach the tool when the tool is many miles
below the surface.

A telemetry medium for communicating with the tool should ideally be one of the
parameters which is readily available in either drilling or production scenarios. A
drilling parameter is a parameter which must be supplied to the drilling tool in the vast

majority of drilling scenarios.
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and Met hod fotatiomalaglagity.ithegme when thedrillingistringrisi cadtimonshycmtating ati t h a

Downhol e Devi ' I i s . cohncerned with.the field,of
downhol o t oLrusf gt S eab it Bheh B ERISFHGE aftbBre Sor ot Bt i ¢
an appar at Ugardfiit a8eiphiticatelr coninaamd s dueherg wherelir thedta) cbamand pyameleehdsool . A
drilling tool qr nmepper is ad Viﬁx?: suitable for drilling a well bore or

the |ike. AaghBde TRSisR5 apeeied & thecanventionabiogelssignaligangmijipd flown the _
communi cat i g Wbl d e ahfibls 1RACTHES HIPhGy ARG Heilddold downhol e
t ool s, vari?)%ls}ogr/l ?ef erred %o as " pf oducet%l{ tag%lagl#?de% i cfﬁéldgﬁef er ent
functi ons fpoblethsiposadiy knowhgrigesrt.havi ng sinmilar data requirenents to
drilling tools are considered equally within the scope of this apparatus
and nmethod. The recognised termin the art for the met hod of transmtting

i nfor mat i onAfthQuphitheterth bl BEinbORds teéh 448, iBWIf BCHptRiatd @hATRE *orin  Tel enetry
can be achieved by nmany neans, for exanple, "hardMre', where the signal is
passed al ongfring cesmtf fest anydubpdarivineh/s gonsiegted td xddwntmlmiooh fbresamplech t he

drilling togl .is attac . Jhe ab tel enet et hod requires, the

provi sion ofmaat'oge(%gP gcf&e&(é%%nn%&u?ﬁ %051?4/@?10 ‘?eolﬂﬁeng ‘t;%er d‘f“ﬁg'ogq g iac?é?d“gF%aI from
t he surf acetoollhA sutpiay ¢t Bsat Hpderciss modiune wiieh @Endsllyconfiedts fdoRahsiot i al
reliability as the signal nmust reach the toal when the tool is many mles

bel ow the sifol gden inpesitionip the,w IEhith R SederaARE slatign.aire Yiding dhat oo

shoul d | dealdatidirARuBllatdt P RHAIFLELS iR dlof 1Ja§taa§5ahyoﬁ1\[{@fubamm@
either drilling or production scenari o0sS. rillTing paranmeter 1s a

par anet er wdowthalembl.be supplied to the drilling tool in the vast majority
of drilling scenarios. 27JAN L~2004~~ WD-00/ 651 98 PCT/ GB00O/ 01629
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Therefore, in a first aspect, the present invention provides an apparatus for use in
drilling or producing from a well bore, the apparatus comprising a downhole member
capable of being attached to a tubular, means for rotating a tubular, control means for
controlling the rotation of said tubular in order to transmit information along said
tubular and means for monitoring the rotation of said tubular and for decoding said
information transmitted along said tubular such that a magnitude of a parameter can be

determined from the rotation of said tubular.



Drilling paraneters such as the “weight-on-bit', punp cycl i ng ang)anth

string rotati on have been previously been consi dered. However, 5{ yﬁﬂﬂ’f

t hese have been used just to toggle a switch between two states, and
represent, at worst a binary swi tching device and, at best, a neans of

st eppi ngMHPESER nul tiple options. The drill string roPSHTGRIVO®2, dri|| | ng
parameter which is common to al npbst a113rotary dr| | 1ing operations. This is

typically asured ti Rer. Vari ation t he
rotation of ? R@VWPFIP'I ¢ ?‘)SF%S“ tgﬂﬁ?fémﬁ’s dJr%]gS“% quctEcgquq%ngoqr ﬂ%'g‘eact ual
rotational ygd @sinhble hb@bdrintsy Hedaﬁmﬁﬂgeoarprbadcﬂsnﬁidi bffBe lige.CONL I NUOUS] y

rotating at a continuous speed or a measured tine when the drill string is
not rotating can be used to transmt a sophisticated conmand sequence,

the. convent IgSrond SR B¢ pR@RP T lon rvadi® A BatikERTer thtimitiSe FRwgRben (e
drilling togba dgthaza:tdu&ovnmemeamﬁte@mm@aﬁb&é%@ﬁéﬁﬁdal' the

probl ens pose known prlor art AIthough the term™drill string" has
been used, mmmsmgtbéstsmm eciated that the "drill string"” could be any

tubul ar whi ch |s 00l For. l.e 0 on of a
production stri ng&?&b&?@ﬁ?ﬂ%gaﬁ’ @bﬁ%\é\g"hlg]fe%ftﬁ% &?}W&S@dW%é% lﬁ%ﬂctl on
tool. A tubgdcardas@rwiieinfaio@hioh isa0 e FRsmiftd\1bsdsaSteRBHRE | Y Connect s the
downhol e tool (when in position in_the well bore) with a sdrface control

station, providi REMITHE thewottion pf #id whulax apdil ar at t he surface causes
rotation of at own hal e. t Ther ef or e,
ina first aspecﬁ%ﬁgtﬂﬁggﬁeé%\%ﬁ ?géna%t}@\a}l dﬁghg’n B}?&Pﬁc@s"ff’or use in
drilling orpqrmnetaccangaefdemmedv&binth@fomomoem@mum.us conprising a downhol e
menber capabl e of being attached to a tubular, neans for rotating a

tubul ar, control means for controlling the rotation of said tubular in

order to trqtﬂ@oaﬁaubmmmau%ra&mqnagﬁdegnwéw agﬂﬁ%p;g 1&& Bjt ori ng

the rotation of said tubular and for "decodi ng |on r ansm tted

al ong sai d pulseduancysefahe whulgr, aleaalgmg thedamafor eopmuenaberion aflﬂlbmhiiﬁrer m ned

fromthe rotation of sai t ubul a %atip}%@ﬁtﬁom WO ..00/.65198

PCTI GB0O/ 01858°URIE HieVIpe, %‘}”fier{fé‘g%ers?%"’e'iﬂ‘ BiHoular fheythg dime whemthe g ¢ j ng,
product i on §ibujaR Mk rétiien Idfanyaﬁﬁemb@aﬂeﬁmﬁ%ﬁ&%ﬁﬁeﬁo@m'"”9 tool,
production tool or the Iike. I'n a second aspect he present i nvention
provi des a fembs#IIGHEt ransnitting i nformation along a tubular to a

downhol e nmenber |ocated within a well bore, the nmethod conprising the steps

.of : rotatably driving said tubular, wherein the rotation of said tubular is

control | ed Thisabitity thevaretheirsthtional peedibn fesguiivy Off tHeublatgios angdpnithdd al ong
sai d tubul ar; nonitoring, the Eot gt leon of said tupular; and analysing the

noni t or ed rm%&?oaﬁnwceé%ﬂfatb JoRopber ﬁ%l?PP&S%TQdP%tG@@a@f signgbar anet er can
be det er m nagelefos LRl kRS LhaplinBbrint Ui rilfRf bk O p" L he L ubul ar

rotation may be provided by varyfng the rot |ona ty or frequency of
t he tubul ar commasigated tp thiadoad bymsmguusubcltubulaomtatmmt ai)aphcltlp,fﬂué headurdaul ar ,

neasuring the tine tyween. su SSi,V rot tlons of the tubul ar e. the
e when  RETHRIELPEe FOuhs o e SFRIRTs TPy Communiets BB AE @ s | n

ei t her sepaii@tdilysugig. i N conbination etc. This ability to vary the

rotational speed or frequency of the tubular allows a nagnitude to be
comuni cated to the downhol e nmenber as opposed to just a binary signal.

Therefore a h a thec drilling angle
~can be corma'ﬁl E@ 8 QS'%%FHC@%Y 8{){%&8@341% B%P’gﬁ?ﬁlls&‘o PBF‘I&Etfe:Bng )
Explicitly, dévie: WEigh emad akipRalus ituehdes Ez@ enhf&ﬁieﬁf suth thelt ShedBUWRBRbEMEETOET

can communi cate a nunerical value to the drill string.
drill string is used to activate a sensor means.,



emtter device which emts a signal or influences its environnen
the rotation of the drill string is used to activate a sensor neans.
JAN 2004 WD 001 65198 PCTI GB00/ 01629 The emtter device which emts a signal

or infl uBREI%s environment may conprise a nagnet. Al PEFEROMOEEY,  or in
addition to the nagnet, the device nay @l so conprise a device which enits a
sonic or a fadioactive signal.. The emtter device may be | ocated on the
tubul ar or {1‘8&5 %Ffl]t'r‘?bd?}’écretw}g&l it aa%%?fin %‘Bﬁu%ﬁfmﬂo%ﬁaﬁﬁ@ﬂcﬂmp%a or on a
non-rotati ni t neargh' t ' i,Se a
mechani cal glvzgﬁhA&%ﬁngﬁ@ﬁthgg{?egt&gé&b% theét’rtgl'g3 g?‘iﬁgénﬁ% Eitg%é tﬂgulaar, such
t hat each r dexatanwvhioheinits @ gena¢ onaradinactivebiggele or digital data point. The

- rotation of the tubular nmay be nonitored using a sensor. The sensor nmay
sense a field or a change in a field or signal emtted by the em'tter. For
exanpl e, if ThBemfte Bé\ée tsy B 10BAIRn thPRbulal6r RRIERS haBY thBSpsrdtad | ef fect
device or a magnetoneter. Alternatively, the sensoif may by used to sense
changes i n aonnepied tee bl esema neyatotaing part gfithe appardtus.r ot at i on of t he

tubul ar. For exanple, the sensor may conprise an accel eroneter which
receives direct alternating gravitational data inputs as a direct result of
the rotati omhekmithe déwibiinay contpHsb a aneskahical Wt whiek RizefivdddbySBe ffatidae
centre of the Earth for use in controlling a Measurenent-Wiile-Drilling,
Loggi ng- Wi loétirtibularngych that pach reyolieniicequalita @n gealegie or digitebdaicspoint |t s
type, may be activated by the rotating tubular such that each resol ution of
the drill string is equal to an anal ogue or binary data point. The sensor
may be | ocatTae retatidrhef thatnbhiar maybe mbgitdretushiay 4 seafort Mhe apparmipsnsonnect ed
to the tubular, or non r&tﬁ&ti ng part. of the apegrlgtus or a, hon-rotating

part of the figlher cdBAdit N GED Wge.%@?ie i Forfaxample, ifghe emiftes erably,
the sensor TEAReRR R e rﬁﬂa?‘b@gkﬁﬁ‘@fﬁ&&%bgwﬁ-fagﬁé&ﬁ%r.OUt puts derived

fromthe rotatio t he tubul af may be neasured ovelf tinme. A plurality of
em tters andilemasieeyohs semagr thay prused thewinsel dhasgep inuarainhérgnthf present t er devi ces

and/ -or sensor neans ar rovid t each of the devices and/qr sensor
means. nay  bEAHIAARG 1 e HARIE RO Sr SXHRAS GhTer R COmPE Bt L al | ¢y
of emtters fiBdferBReter whith JQRIvED8idect altemating gravitational data inputs as a direct

result of the rotation of the tubular, Such a sensor would preferably sense the centre of

The rotation or frequency of the tubular nmay be nonitored by thejuse
2 7

the Earth for use in controlling a Measurement-While-Drilling, Logging-While-Drilling
or similar device. The sensor regardless of its type. may be activated by the rotating
tubular such that each resolution of the drill string is equal to an analogue or binary data
point. The sensor may be located on the tubular, a rotating part of the apparatus
connected to the tubular or a non rotating part of the apparatus or a non-rotating part of

the apparatus depending on the location of the emitter.

Preferably, the sensor means comprises a timing device such that sensor outputs derived

from the rotation of the tubular may be measured over time.

A plurality of emitters and/or sensors may be provided. If a plurality of emitter devices
. and/ or sensor means are provided then each of the devices and/or sensor means may be

actuated in an independent or sequential manner. The plurality of emittérs.may be



WO 00/ 651 98 PCT/ GB00/ 01629 | ocated radially or axially on the rot %T,n%\ﬁw 72@%4 i
drill string. If the emtters are a plurality of nagnets then the rmagnets
may be aligned with alternating polarities. The output fromthe sensor '
means may be anal ogue or digital. The output fromthe sensor nmeans wl|
gener al IYOB¥6PPHvi ded to a drive means or a | ogi c meansPFHGEPMEF®% o0 control
the drilling nenber or other device inaccordance with the information

transmtted do .he drill, string, .The.sensor_.is preferably, isolated from
wel T bor e 10FARS TRt ekl Bb ietPinute it SRR olr i e eror Purbinest
preferably,y éﬁ@tsl@l’i&&ﬁ&ﬁﬁ RURdy e dli@néﬂaﬂﬁl?&iite?@dtihgpéfaﬂﬁéd@ar ent. The out put

fromthe sensor may be utilized for triggering an activation neans in the
i nstrunmentati on of the downhol e nmenber or an assenbly which is housed in a

separate physical housing.  The activation nean y.be 1oqgigal,, el ectronic,
rechan cal HE GRS RO e Sk erar e Bt RS BF SR Dr QY PHLT I o of
activating Juhidrinihs WBVicR@S1Y Be Rbliaed 1 uri R ISRRNG o R mERE HESEAL Manner .
The actuation nmeans may be bi-phase, increnmental or continuous iIn nature.
The above apptekthedribing mentbovormthetr devibd in agenrdanot »ith thdhinfarmatiom| at i on or

ot her neans Ofg?fg%%i ngl&g(g_@ Sgﬁrjrors or variances in the tubular rotation.
The appar at s P k ]Eﬁ‘ng to the first and second aspects of the
invention (respectively) may be used with any downhol e device . where it is
necessary to transmt a control qurarret er to the device, for exanple, to

‘control theTlirsensar aypraferablstisdated omevalibore fhids andanaydiseconygined imai t ed for use
with a wellbor i i ' j scribed. | A- 31679.
The latter 8%%%%@55}18%%?&3?%&&@, ﬁ% rp%s)sg 8%?}‘5\,6% ’§ I%agﬁ? lrc(%ﬁY &%Sp?rr%g{m t he
surface, thEhdéutptifrogn thie sasdr rasy lof utilizkd B tégpetibg SOORIVES@EmMaarizah tiew

rotatable nmandrel, an inner s|eeve, an outer housing, a plurality of
stabi | i zer @ﬁfé%e’&ﬁt?né’f&?‘i‘\?@mhﬁlaﬁl‘?meﬁ%‘ %SFW?Bf whichdphused ik €PARKs a

concentric I L:nal i i -at 4 | ed about

t he mandr el b@rgl%%%glslg% gigégéecﬁtv ?tll ce‘f‘%aﬁ‘gﬁaﬂ?!& %Y&Eigﬁg{ro le’sﬂg#ﬁlﬁghb? di anet er
to all ow fr pleysicel iatforme Tietactvationmvaehmaibe capable of aciivdtingwaultipR/dediels 2004 WO
00/ 65198 PCT| GB00/ 01629 inner sl eeve. The outer. housi ng | ot.at ably

coupl edar OB ERBIPREREFN! OF cRSHPTIRLmESE, hesRpaigE means ek bt PRRRng t udi nal
bore form ng Rnatalbi @tisudS in ddh@&eOuUt er housing al so has sufficient
dianeter to allow free relative notion between the inner sleeve. Two
stabilizer shoes are longitudinally attached to or fornmed integrally with

the outer surface of the out ousing.  Finallw..th rive ans i s
hrranged 1 ot afeSe Bpearts Pbdbe R wiet Pt Sanontiod & AR B s pect
to the out epf éiRbking Gr cABrseFRaGnGEih the tubkler diatieat i onal tool is shown in
.Figures 3A and 3B. It is shown in a configuration whereby it is attached to
an adapter sub. 104, which can be attached to the drill string (not shown).
The adapt er i t i I I : ‘ may not
be necessar ;ﬁ ?Pﬂjtaﬁdé@stdér@ I stdra:eﬁcghgiﬁpt)gﬁﬁﬂr%a gts%g’%l g#ﬁg oggh\?ijlg:%ﬂﬁ?ﬁgeads. The
mandrel is {kegectely)ohatte used Wwithathdovimhokrdesive evlierd icisslcesssay td Ransitien
mandrel 111 is gapabl e of systaiped rotation wthin.the jnner sleeve 112.
The i nner eee'&FP?PE‘@“@FE&'Be eV, ?FH)?XE‘BPIFJPr?@BmPIrﬂé"eWT‘S&]LRF gHeeHonn arc, by a
drive nmeans (not shown), inside the outer eccentric housing or nmandrel 113.
The bearing surfaces between the inner and outer mandrels are not critical
as t hey ar e Hostevemthep atstesprciatiysuizgd foousetwitra wellhore isgctionaltstdseng tophsd e of

i ni | d i.yely | t i th tot h other i
e dri 11 ndeRrbrd BO:b SeH 61 Yoo BRI RS Maireisdemclee vl ched
directly to cantehllidg fréthitheldhffacd vl Bling diRRubNELREADHIA VIt BorhpSies A9bNORN the

two el enents and an adapter sub may be required for matching purposes.
Fi gur e B shooistableanandrehtanencs slgeves an entenhoysing frepliratior of stabitizenshogsiemda 113
eccentric

drive means. The hollow rotatable mandrel has a concentric longitudina! bore. The |
inner sleeve is rotatably coupled about the mandre! and has an eccentric Jongitudinal

bore of sufficient diameter to allow free relative motion between the mandrel and the



sl eeves (outer housing). The outer housing consists of a bore paéi%
| ongi tudi nally through the outer sleeve which accepts the inner $l | 8Bk
outer housing is eccentric on its outside, shown as the "pregnant portion",
120. The _pregnant portion or weighted side, 120 of the outer housing fornms
the heavy &e¥8f the outer housing and is manufact ur ed PSI/CBORRIES of the
outer sleeve. The pregnant housi ng cont 8ins the drive neans for

cont r ol | abl jhnbieReVe. TheniteiRhsis Rettataby SLEEY & ' - 165198
PCT/ GB0O/ 01629 wi thin the out e_rghousi by oA tf"é“n“i‘ﬁf‘y]‘f%‘{%%%?%\gﬁg‘% housi ng
may cont ai nandiess @n ereepiictengipdinel bosefophings, wdightiedmsidel Thd@vies Bousimulsd he | i ke
which are (or .be ) associ,ated with the, on demand’ fum ng of the inner
sl eeve. Theﬁ%s ngfgc lffr&/gkag‘f:%ﬁ?q Ei‘lg’évrg%eﬁ(%%g‘,’e T?ﬁ“,’“ollfﬁw%q“nﬁll‘@m%ﬁ srevef T¥he out er
housi ng | ocahetizéishédsaRd loagialaamIy auddi&l R'd SRRt ift Eﬂg'&i entre
line drawn through the ce?\égler of}rc_)t ation on the %:n r g?g]g\?g&r%%es?g t wo
shoes ser veof the euignb@singnyinalnche duiverpeans isariangeddor seleetipay fotaifngtthe out er
housi ng caused b iLng. frictio etween the rotating mandrel | | 1 and
the i nner eglélgrn?c#rggg%]%ee"\%)em rﬁs.‘pe“r‘rr}gtﬁleto\a,\\”g'rlhf”isé‘?g'shoes are nornal |y removabl e
and are sized to neet the wellbore dianeter. The sanme techni ques used to

size a standard stabilizer can be applied in choosing the size of the
st abi | i zer 4nsadodimentefihe fligectignal ted) és shhwe én Higares 34 abé 3Bodnieshdwit iagr al | y

Wi th the ou i oy r:egnan r i,ght ed .portion qQf .the outer
housi ng 113?&\[{\%&%“? %%e%ygése%&fﬁegqgﬁvaéﬁpg%sﬁlﬁﬂéﬁﬂ‘a{)‘ﬁm&ﬁ&@ dipfation
of the appatsall msing e sitavin Thb edepies Gitaiatattidud io e BRLNGLAIbIE RndroM1gi de of
t he hol e. The, manner of functi oni nf; of the apparatus and net hod of the

§

present i nvEMPBRIGt e agssesany 1 sheinil stripgpige tireeds match thesdexicdithreadsi el
drilling dey.g kdwhthi i escri L0 nore
detail her eliﬂrﬁl g‘grfl?)i\év.ﬁ% El'ﬁ}(,a%‘bdrt esen'%1 %ﬁgﬁte?%gm% ﬁﬁcb%%%b@eﬁgﬁﬁgéhlm th

ref erence t capable of elstainadgtatiomwithimithe ingerxleetet 12 deihoedcoRatrk ddavahi ch:
Figure 1 shm)\ggla gc{]e té%c of..an enbodi nent of the present .invention;
Figure 2A s aR°% “ngg eglyoithg an grey V€ meanE (Mot shavmasingide thetonteri gure 2B

shows a pl OEc&ﬁuié!I\o@éilﬁ‘geérQﬁQﬂ?élq'IB.OYﬁé)bEaﬁH%ﬁQfaE& HE%@&HﬁﬁeaﬁB‘?rgetﬁlﬁg) pg drill

string with a variable rotation speed; Figure 3A shows rotation
" speed agai nsmngrelnare It gutieal 3gthehanegobinglopstars imutad adtation, bpake maaibest ti me,

where the drjl!lstri .1.s swi tched het rotating at a fixed speed and
2ero rotati 8%13&‘31% ogregl%jlb&g %mﬁ%négﬁ%ﬁb W torque with respect to eac% othee in the

drilling environment.

The inper rotating mandrel 111, is attached directly to a drill bit 107. However, the
threads may differ between the two elements and an adapter sub may be required for

matching purposes.

Figure B shows the relative eccentricity of the inner, 112 and outer, 113 eccentric
sleeves (outer housing). The outer housing consists of a bore passing longitudinally
through the outer sleeve which accepts the inner sleeve. The outer housing is eccentric

on its outside, shown as the “pregnant portion™, 120.

‘The pregnant portion or weighted side, 120 of the outer housing forms the heavy side of
the outer housing and is manufactured as a part of the outer sleeve. The pregnant

housing contains the drive means for controllably turning the inner eccentric sleeve



PCT/ GB0OOI 01629 Fi gure 4A shows a cross section of a drilling tool _in
accordance with an enbodi nent of the present invention; Figure 4B1sdaks 2004
cross section of a drilling tool in accordance with another enbodi nent of
the present invention. Figures 5A and B show a prior art driIIin% t ool .

Fi gure 1WOHB{R8198 schematic of an enbodi ment of the presd@T/GRPEHEP on, the
drilling tool 21 is connected to the sufface station 23 via drill string

25. To effegt;. ' Ari b ki rill string 25 is.rptated., Surface
ot ati on 25 TonAEbE Rl MdiBthanl Be fiekgn: Piand oot ekisiichihs < o
rotation ofpdvie soifpliek, drauigdevides, add iﬂellik@gv}ﬁé}pdreg& e RBddcREddNGEaNs 29
which nonitors the rotation of the drill string 25. Figure 2A shows the

out put of athe Sncdamandniirng efthe nsergsleeve. string rotates. In a single
rotation of the drill string, the accel eroneter output changes froma zero
‘point to Vm-, returning to zero, and passing though zero to point Vnjn and

then back tDherewe. twhhabilizemstibespl21, be eitites lde o tHRlchter housaRBEAL] # riphhusoi dal
with the magnitude of the nmaxi mand the m nima being Vm- and Vm'

respect i vel §ogiepie therseanepideusngandmihe entisdingdvevt hrasgh dieckenter o t he
attributes pladdonifl hftedte SARSORvPHBG MR BMer i Seahiualy Rl * 3KeS

to conpl ete a single revolutton.” Tn Figure
attached t oot the pertiof thestuteir housinproausd &y tiesthgi it ién BedwedntBe FitateHgandrkat i on is
taken from where ﬁétest mass in the_accel erometer is in a neutral position.

Fi gure 2B shbhiddhe HoeRscarietiesve dde-pihe Srbilizes shacs areingmmallpwmorsidepad  her e,
a nunber of | ; i L . .and t he

rot ati onal ?[%g;ezga '(t)(?ﬁf ﬁ)efﬁéd??%b;a&sczlé}?ﬁg{ itﬂe\/S ?PIE g%ﬁ%@{éé;s Lﬁ@&’ﬁ{é&} I%aeﬂ"r%g?“ (e)ﬁ i onal
speed of t hgaldtizdricasbe appiied in Gensngthe piznefitersabilizar shotat Alanaatpely, thenut e or

RPM 27 JAN 2004 W.0 .00/ 65198 PCT/ (R00/ 01629 ,The, .o t of the
accel er onet B¢ g&f fad’lhpefg% éﬂtfﬁ@ﬁ}f H?@‘??H‘?f%ﬁ%‘&% ﬁ;n lcjﬂr%%’aﬂﬁ‘ort he drill

string. ThewdiphiedGorRintdfeR! ovkdr ROSsisgg DKl (el i Eseel HeQah&ide ST 1d 1id adnd end
of each cycle.” Here, each cycle starts when the accel eroneter output is at

maxi mum V", the operabgeef the epreratys depends on b pregrint kautsingbpingait the low-stdefcycl e
could be-chﬂ}%%leas the start point. The first rotation cycle has a period
of t~. Once thrs'cycle is conpleted, the speed of rotation of the drill

string is reduced over the second cycle until a third cycle with a period
of rotation_t2 is achieved., Pefriod t2 is longer than period t,, therefore,
t he speed o?h?wqraﬁﬁﬁﬁ?%g%%@w@rwﬂ@ asafdke present tovantionftot he third

cycl e. Thus idRvi Q0 : j tok. | an,be
ot cot ed a2 TS ae i dE vt ich s Sli-gorRtahifll i o thonn fsibileh A3 -
frequency oB wilidedlesdribed i norg detarl hbeinbsleav.t 0 i nstruct the drilling nenber,

downhol e .device or tool. Figure 3A shows a plot of the rotational velocity
of the drill string over tinme as the rotation velocity of the drill string

i s changed. TROpREdn® hvehtidn@illdiol be RebdritRE with refeRdrlceth P %ﬁmn%%@t i onal

velocity (or equivalently the frequency of rotation) is increased to R .
The frequenbpiting mefeedemppdimens it whish:peri od [1]. When instructing a tool,
this initial rotation frequency R~ nay be used to transfer data or
information along the drill string, it may al so be used to send a signal to
prepar e t heFipurd 1 ihogysrmsthaiatic of atlambodimensdfahe prEfing invention;

~ Figure 2A shows a single cycle of a typical accelerometer output;
Figure 2B shows a plot of an accelerometer output used to measure a rotating drill .string
with a variable rotation speed;
Figure 3A shows a plot of rotation speed against time;
Figure 3B shows a plot of rotation speed against time, where the drillstring is switched

between rotating at a fixed speed and zero rotation;



signal may transmt information to alert the drilling nenber thaiI i f
subsequent rotation speeds follow a predeterm ned pattern then t J JAN 2004
intention is to transfer data to the drilling nmenber. Also, this data set
can be used to set a particular paraneter which is going to be transmtted
al ong t NWOPOFI8 st ¢ ng. It should be noted that the IengFT{GEPW?}é?% od [1] as
wel | as the frequency of rotation is itkelf a variable paraneter which can

be used to i i JS | xhi nat.orial . data.transp ssi on wherein
i ng. and PPRgAAHEUER b secht o SRR OB Rl eab bR ERBhEmsBE b1 1 {1y
of oper at orthepregent idReti@cci dent al actuations may be avoi ded. After tine
period [I], the rotation of the dril] string is either reduced to zero or

i s reduced HeweRBshews astost sctiell ¢f@ dridking toplen gegordsacd with amikert hr eshol d val ue
is Ra. Tine [l i Is J- used to create a clear distinction

bet ween insetruc‘:i%’ﬁéoi"rﬁg’ﬂhepg"‘?g'g‘A@E’éﬁ WO 001 65198 10 PCT/ GB0O/ 01629 The
frequency dfiglire$ fiand Bahotvhaeridr it Grikibgosdl i S then increased to RZ for tine
period [3]. This variation in the rotation frequency represents an easily
identifiable codification as it varies both in rotational frequency and

duration fr [ [ ' ' .od [3}:.1S

rostri ot ed Rue 1 EaoReh imatt of byt B brebdrf @i theciinaiog)
threshol d V2l igeoficdtetlos the sefmostition Devipdriliating2ls. Tofeffect rolafiose ANyt | Me
period [ 2] tﬁmh ,hotatiz%g frecu;ency is increased to R3 for tine period [4J.
Rot at i onal Fgﬁ SHIR R3S 18@%%Gyer "t han that of R~ and RZ. Time period [4]
can be used as a separate data set or it can be used as suppl enental data
set to that transmtted in time period [3J. It nay al so be used as a
preanbl e t oSwfdceslation AYjisgueadslovith(totetian sontid: areamsel Vnehich corttiods tat a set of
period [ 1 J) or i e used as.a.termnating data set _which nmay return
t he paranet OBfOfi‘kﬁgR:'gicfgl?ngt (sﬁ‘ﬁﬁ‘“ﬁﬂ'{&it?‘ﬁt}g}ha?ﬁ“ﬁB’g?r{quPﬁaﬂ?i&%ﬂ’P@%gA shows t hat
t he pr.esentmbﬁy&gtﬂeqetaﬁayomeaﬁlqagtﬁhgzs_r ansmt codification which is linear,
progressive and discrete: each data set nmay be sequential and nay be
separated froma the | ast data set by a period of zero or |ow frequency

data. Each el raf L eque f r.otation of
the drill s?fgpﬁgﬁ%ﬁk}%ﬁaﬁpﬂggg%ne%r%ld%%g"e?#%gﬁlﬁgiﬁuoﬁum%orf’&?%sﬂh%ﬁ’ﬁg Fc val ue.
There are tfutsiohwd tiobadriil strdnig, dielaeseldromerchutpidicharpes frome zefd BsIed oy,,and

duration, which may be cgntrol led fromthe surface. To sumari se, these two
vari abl es nE{UBBE Q704394 Rassingiquenzenite paink N ipd then hackitageros Jheal k to the
tool. The t Y8erdndditrhy s Ei il i |§€e

i nstructi on@% lrn%}ﬂ%ér}% sar che. e%e'ﬁgglggérlﬁa%g{ er \kﬁ?{ceh I sﬁP%‘ %{eu]%ﬂ‘f?l{r@g%umy be
set by the theasuingcbentd Yed ayd B faspeptieelyy Tboé amplitade ant farml of the veaveint whi ch

th t i h b t hy the dyration, of . t [ .
At er nat 1 vetgpendant S aREPURS Haje BRI Ssror peie a0 sod Ao tomt it Weguence
(e.g. peri og,c[ogﬂfpléggsﬁ,gﬁg,@gg@vgmg&hof t he paraneter may be communi cated by

the magni tude of the follow ng velocity or frequency signal. 27 JAN 2004
WO 00/ 65198 11 PCT/ GB00/ 01629 Averagi ng, standard code correction

t echni ques, . ot her .stati.stical. nmeans.my be.enpl oyed to.inprove the

qual 1ty of  brEiEteR g bRt AR the OF e 1S sbline TR i bber o
data sets ngglegotafeiie iked oy Whtded tdstimadsdf thel RcdlEomRas & ih A@eteant i ty of
data transmtted to the downhol e instrunentation or nmechanisn(s). Figure 3B
shows a pl oPC®CIk ot at i on agai nst speed sinmlar to Figure 3A. In Figure 2B,
the string is switched between a constant rotating speed Vro, and not
rotating. In other words, there is only one variable which is duration as
the rotati oRipre/28 siovisyan\abéeldiomeier @itaite il té ﬂgm% RAJUDREM, heéte,Brhunite ned

constant. Figure 3B shows a sinplification of the transnission method
descri bed wrtietation gy¢lesofithe dnillysiring ara shown prd g thegrositiondl speedtof the grdl i ods

ogi o moans 5re PEFdBraridhe? Mcitledonsd Sebr s BY i b B0 abbasiedl v, or

as bei ng animgtatibhdypdr miinste agRPMher e all | ogic paraneters within the drill
string are kept at their equilibriumvalues. In period 2, the rotation of

the drill string is stopped, the logic neans of the drilling nenber vary a
set paraneter. For exanple, if the drilling direction of the drilling
menber is governed by the angul ar novenent of a conmponent of the drilling

menber (for exanple) 112 in Figure SB), then the |ogic neans nmay comand
t he angul ar novenent of the conponent for the whole of period 2.



When the drill string rotation is restarted, at the start of periogf,Mq
novenment of the conponent is stopped. The novenent of the conponent st 2604
again at the start of period 4. ( i.e. when the drill string rotation

st ops) . F\)%ioﬂ%léjs is twice as long as period 2. Therefor ﬁEﬁ@%Bﬁ(ﬁﬁgﬁnem

noves through twce the angle in period 4 as period 2. uration
of the period of non-rotation is convert®d into the angle of rotation for

conponent  11fhe outpdif of AR aé’&(é{l?n\(&érqg&i@&%% ﬁ%ﬁ%&ﬁgg@gﬁ%@%&% e 5@ shows

a cross section of a down hol e tool "which nmay ith an
enbodi nent ctnRgelherdosahvertiop) Bagsioorthe figne aelicate the statt ashentofieacH dyar e 4A is

a nodified i t inventor's own prior art which is described :n
relation t oﬁ%ﬁ%@é &E)C,L? %%& V@ﬁp ﬂ‘ﬁ?ﬁc‘fﬁﬁ%’fn&@g APPPSiE &t masmuey ViseuHowever i t h an

eccentric bowil beAppicoiard twd 88M®IRt of $hel QERLEMdWe LS ﬁs"‘{hg rQimuch that the
outer housing 1 is rotatably coupled acggut sai d innrér S 3@8«?%?%' The i nner

sl eeve 2 also has an eccentric bore which is configured to accomobdate a

rotating dri ri h said inner sleeve 2 can rotate
relative to @gtjﬁgtsﬂg? DOE}E ee?{aﬁgggﬁﬁdg‘)ftf“gﬁﬂce%’& CH‘BF & °°§’(Pfqt‘ff’gthﬁ§ﬁ%@r°f3. A
magnet 4 i s rataties bfthe deillsaing iy el BYerBERRbnPey FNRHTRARG ViR LigGat ed in a
pocket on said rotating nenmber 3, the ma netnmay)? al slgyggﬁéﬁﬂggﬁg@ by sone

ot her neans,PeRgH OEIRLFHINR: 15 Behicyghe Benaskt, istnger $ppb pefiodt ahtreftireaint sppses t he

magnet..as a L . el bl he reciated those skilled in
the art thatrb f?ﬁ%&%ﬁ%ﬂ@{ﬁ%ﬁéﬁ% I%é%?t\éﬁh%%gﬁt @Hﬁﬁydtcy & %“%Wﬁ*ﬂgﬁﬁl thensor.
The outer hausitingsgeed ofithaidril smgtcmuneaetedaamqh&drﬁﬁngm@:nba%rrngE{étharre' s 6
are provided,w th sensj ng{emaans. During drilling of the well bore 7, the

heavy porti dicTef: hhEPRIFndTeapraGy phige dell Rbingivan bowseditalinstct tlieedrilihg  bor e and

t he positi onyghbdrhovditbRIdetiebisi gy remains relatively fixed with respect to
the well bore. The drill string 3 and nagnet 4 rotate relative to the outer

housing. Lines of flux 5 radiate fromthe magnet 4 in such a nanner as to
overcone th .Earég'[%oanbi fntfqhi el d. The fi,elg shoul d al so be set high
enough to conpen Yo f Pioh &t e fietiqralvelorityiod the dall siing oveptine agithet ance. The
flux |ines SopxbRReotiatifahd dilbasmn chitfrell NRb{HER ifl String i tngt
sensors within the instrunent barrel %}?ggan det ectaftthﬁgﬁlrlﬁtl—lggsl?#%egfm?he

em tted nmagribe rtationgl velocity (gieguivalentlstbe frequente df tokesion) i énoresabloi Ry . fine! d

G 1 or ences YeabeByignd o it BhE R T WS nisiiined ool Srobiokgraiar |y
and Sout her | fyequatidytRidasy. be used to transfer data or information along the drill string, it may
o also be used to send a signal to prepare the drilling member for data transfer. This
signal may transmit information to alert the drilling member that if subsequent rotation
speeds follow a predetermined pattern then the intention is to transfer data to the drilling
member. Also, this data set can be used to set a particular parameter which is going to
be transmitted along the drill string. It should be noted that the length of period [1] as
well as the frequency of rotation is itself a variable parameter which can be used to send
information. Using combinatorial data transmission wherein timing and frequency

. variables have pre-set limits reduces the possibility of operator errors and accidental

actuations may be avoided.

After time period [1], the rotation of the drill string is either reduced to zero or is
reduced below a threshold value for time period [2]. The threshold value is Ro. Time

period [2] is primarily used to create a clear distinction between instructions.



2 7 JAN 200L1 WO 00/65198 13 PCT/ GB00O/ 01629 When the magnet 4 is rotated

such that it is closest to the sensors in the instrunent barrel 6,2 tthedNaZi0h
maxi numin the magnetic field is detected. Wien the magnet 4 is furthest
formthe instrunent barrel 6, then a mninumin the magnetic field is

det ect edWOTHESIB | ed det ected by the sensors may be si nuSETER00/P¥62Y s

possi ble to sense the radi ated magneti dofield at all tinmes when the nmenber

3 is rotating. However, as it is only necessary to neasure the frequency of
rotation of the nenber, it is adequate if the sensor is just configured to
detect a mayi j | : t- 1 ' . - t he
sensor. In ﬁ%du\?\%é s,r&thﬁ(%arg%f\ﬁé;%}}ﬁ #ﬁg%g]g%dg&féag%g%%&g&ég’?‘ltl%iﬁg'f pul ses
wher e each ik saridtionén thevathior fréquexmyeepesehts aneadly ddentifiale eodificdion adit

Threshol ds may al sqQ be set ich negate . the effect of the Earth's pagnetic
Teba and wiiien babiiy Bl uieyzod Austion s dme rripd E1k {5k Euritey obe

enpl oyed as; ?gg(;as f ~Ed e thin a

| ogi ¢ cont rg € u a[s3 esnrtE) y tA E%HgtggﬁhP&%dpﬁﬁ%mﬁ%%ﬁwﬁg@k%@@%%%hovvn.

Thi s may al $weshadtvaiue Rydgreetecandsamsmrried [Ahe provi sions of two nmagnetic
sensors allows the direction of the rotation of the drill string to be
accurately determned as well as its magnitude. The sensor which isolated
Wi thin the iRgfhes&Bhd BRfkpRlod B) G{e‘%ﬁfiﬁpﬁé‘?u%héﬂéhﬁ abed 18 RS &Y tﬂhﬁé&iaﬁt eel
hst et afloRelstiond diequedy Ro sripnirdhirhatwiiRc apd BssTies péfiod [4isibanent at

i nstrunent af4JoRol apd Bs.sliines pe nent ation
det ecti ngt REORRGRGTYEe PRLET o [Loet P Bl 5° SPISFEn e fats B 4 BeCrear et veen
the magnet i ﬁn%ﬁﬁg&iod LBrkt]hﬁxaiy AEb bel iRalas B pidatiblbo aTRldiRg BRERA (it siRGaf €d on
the rotating nmenber. is intervening material should, as far as possible,
be magnet i calengerty hesletarsernf peripd bilhent mey beused pea treminating d4ta edtvhdttoul d pass
t hrough t hi i i t i ik e distorted. Materials
whi ch exhi bi a%%@ée%?%%%?#%%ﬁ@#ﬁ% gcﬁ@%%ﬁlhg%s gcinhl ess steels and ot her

non-ferrous material . 27 JAN 2004 WD 00/65198 14 PCT1GB00/ 01629 Figure 4B
shows a variation on the device of figure 4A, In figure 4B the ratating

| [ 3 1 N !
drill sirindlguee 3 sRavrdhatthe PresegtinvenlivR&pay be used WAmesmit codfcationgiichinot her .
In the figutg: FoRan bty i 'l of
t he nenber és.ehrf-ieogp\;’vgver , QIK/;é aﬁdhgﬁlﬁg&?eaaggaﬁga%kgtb@tsﬁﬂéﬂag%ﬁ g{agggF%éw
enbedded i n fiohea thatest datosaby agened ¢f wfo dariiewfegecy 8ataMBach datpdet &t | cat ed

coding is achi eyvabhl e with re than agne emtter, . Further, the inversion of
one of the ééﬁ’f@ gt op ghe sgge{}@éﬁeqyg%rogmtﬂ@n&f ﬂl‘frdrgﬁﬁ%’kg 2 Bfher

progr ami ng gadmMaintEeMEe pbfod fopitPh@f@tivahdvention. Mil tiple magnets may al so
be used to increase the frequency of the signal fromthe rotating nenber 3
or for actuation of multiple sensors within a single data set tinme frane,

for exanple QB ' s i.pl.e 1 e the
same pol ari Fyg%ra?ﬁﬁgwﬁa@%gve 5??@%@%?&%8516:\%%\#5%% %“?%ggﬁ?‘g% ‘F@i& F’%\jfi gure
4B, the nagmeisntdblied &oarthangideaTo sasmhtise, trsewieaiiables pfy bbasdddbul ar .
However, it wll gﬁﬁ%ppreci ated, that the nagpe;l'ghs coul d be arranged, at

vari ous axi Mﬂd genéway,sgmtqrpgr totalkdp the too ¢ tool may have a number of

different parameters which require instructions from the surface, The parameter which

is to be changed may be set by the measured velocity or frequency of rotation and the
amount which the parameter is to be changed by may be set by the duration of the
signal. Alternatively, the parameter may be chosen by a preparatory data sequence (e.g.
period [1] and the magnitude of the parameter may be communicated by the magnitude
of the following velocity or frequency signal.



Al t hough not shown in either of figures 4A or 4B, the downhol e devj

have anal ysis neans to anal yse the information sent along the dril -stﬁﬁwé%lf
If the information which is sent along the drill string requires nechanical
novenent of a conponent of the drilling tool or nenber,_then géée means

are reqi?? 8B nove the required corrp?fent are inst r uctSdeBEIIR anpl e,

the drive neans nmay nove a conponent efther radially or axially in the

drilling toQleragidy, Siakd St cOrréfRioN &RhuGghes! &fdﬂ{e'?’%hﬁf&al hims Hayhki ng tool may
al so require |nstruct| ons which are essentially electrottic in nature. For

exanpl e, i remplayed tompreveithe qvgplm)ooftthﬂadqtﬁr elftgnediiom zach iodivillabladata ehsamssi on

may be sent al on rill, strin bat eneral i sed . an referred
erbod: mont SUgpet St e SeoeBaliHonh hetee o PG e Sepr P dhe

si gnal I'i ng u%ﬁﬂﬁte&?dth@%oﬂﬂﬁﬂl@ﬂﬁ@uméﬂ%ﬁfon@kHe@l'iﬁikfm(s) 27 JAN 2004 WO 00/ 65198
|'$ PCT/ GB00/ 01629 configurations ny be used and that other nodifications

may be made wi t hout departi ng fromthe spirit and scope of the present

i nvention de ended ai ms. . 2L A NT_SHE 7 JAN
2004 LA veiEEE SRREE L plef ORISR B it imiter EIFRGE SR I8 BiRdS 2% % om &
vell bore, gdi I@W&a%tw&ﬂpabr&taﬁgmt@ngeyuhwmemm(maﬁ?g@qhloﬁmPf bei ng
attached to a tubular, neans for rotating the tubular, control neans for

control | i ngvars these istandnonsfvagaieiwhich g duration 2 theerotational velesity whichfsor mat i on

means. for  deigaareRRReT i Shnlbich Sl e B R o S Bettign sthe "

decodi ng neamsmizeioh ngtticidieb@ibed vith Ftlaonao fggri ¥Aide of a paraneter fromthe
rotation of said tubular, such that each conplete revolution of the tubular

is equal to an analogue or binary data point. 2. The apparatus of claim1l

wherein they mgie%&wﬂgfdﬁ?ﬂﬂé nﬁ%&tﬁ&%}l iR Pl B, %sefddpﬁ RISt

configured to ect a nmaxi netic f1éld e magnet,” so that
each anal oguatesrat b'lmmhqlogiamamﬁfrlhc dxﬂlin@mpmbdsare cordigdedac tead romatiérmm. 3. An

apparatus fqr the use of, |1in duci ng from |1, hore, the
appar at us comgti E‘i"ﬁ@neﬁmlﬂ Btla%egwg‘?‘?ﬁgﬁ Poggpg?é%@etgqs "B&?I\hl\g’ e qfflsimed™ o a
tubul ar, rfq&%atftﬁéu EfiirivagvARg, t ubul ar,

In pericd 2, the rotation of the drill string is stopped, the logic means of the drilling
member vary a set parameter. For example, if the drilling direction of the drilling
member is governed by the angular movement of a component of the drilling member
(for example, 112 in Figure 5B), then the logic means may command the angular

movement of the component for the whole of period 2.

When the driil string rotation is restarted, at the start of period 3, the movement of the

component is stopped.

The movement of the component starts again at the start of period 4. (i.e. when the drill
string rotation stops). Period 4 is twice as long as period 2. Therefore the component

moves through twice the angle in period 4 as period 2.

Hence the duration of the period of non-rotation is converted into the angle of rotation

for component 112.



control neans for controlling the rotation of said tubular in or%ea,ﬁé) :
transmt information along said tubular, a sub-assenbly adjacent it he N 2004
tubul ar and neans for nonitoring the rotation of said tubular relative to

t he sub- and for decoding said information transm é ong said
t ubul ar ?ﬁéﬁ It lgtst a magni tude of a par appter can be det e?&r}’h ﬁ‘gql m t he
rotation of said tubular. 4. An apparatius according to any preceding claim
wherein the control neans is configured to control the rotational velocity
or frequenc tubular. 5, An apparatus according to any preceding

. of p
claim \A/nergfg‘l“et § & GPsSecton of a dewn hplg tecd avhich maydpe ushé i ataddiare of t he
tubul ar for ) i . ACEME HEET 27. JAN 2004 6. An
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apparatus according to ¢ erein the

to neasure widifiddrversidn ofolre ino¢radr soowiopridr AR WiHikHAs Abscribed i?tr}eﬁﬁ&?foaﬁnégées
accordi ng ts eitg r of clains 5 or 6, wherein the nonitoring neans Is
configured 6 3828ure the time over which the tubular is conti nuously
rotating. 8. An apparatus according to claim?7, wherein the nonitoring
means is configured to neasure the tine over which the tubular is

cont i nuous| yhe tohtémprises a autenhdusing|1avith of @témiabors PRAGnned sledVe Bf3par at us

according to a eced] cl ai wherein the nonitoring nmeans is

confi gured ﬁ)‘?fag% dﬁ{h"{ ?"f‘éd ﬂ‘%ﬁﬁ@ tg’]ft theuigrihgpsngo} ispiatablyapupled abaut said

appar at us aggRf dbd@ 2t R BheP5IBSRA ' Gl he. monit ori ng means
conprises a magnet. 11. An eapﬁar gjtdtg%}%Eg%?écﬁenggtbg}eg?@%lrsecgmﬁa aim '

wher ei n t he aeaemimaesiaterayotating drill simpg inwetbend skohakit saiddniet sleeveléaasiieve oOr
soni ¢ source; 2. apparatus accordi ng.to any preceding claim wherein

t he noni tQr?ﬂ%tw%égﬁélthg%ﬁﬁp%gﬁgusglgglrg&iagcg@lg%pg%%p@_omt er configured to
detect alternating variations in the gravitational field due to rotation of
the tubular. 13. An apparatus according to any preceding claim wherein

sai d drilli fgmasrbdis agrisdite sxd rosating|meseber 3t Thabiagnarimkicatd mavpoeketan

concentric i ' re. S ve rqtagtably cqupl ed apout said
mandr el sa%@a?élt%\%@ Igﬁé%é\?g’ﬁjg\ﬂ?a %Baglﬁ\ayea(ll:%eﬁtw e?%’ﬁﬁ?‘%‘ﬁaﬁ’ﬁ&“c%rgf of
suf ficient ekample.dry atbesiles.0fhik speeiffcadnatiolditteniasds @ RSB arseifleraNdr el and

sai d inner eeve;, an]eguter- houqs)&‘g havi ng .an outer surface, said outer
housing is SYebit Y1 86 prRieriale ogekler im the agithatithe negnst canlébe sai d out er

housi ng havgé%ca@b§%e(?f,gb n}(iﬁi(?l%is&#g{.”al bore formng a wei ghted side
ee e

adapted to automatically s ow side of the wellbore and having
sufficient dianmeter to allow flee relative notion between said i nner sl eeve
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housi ng; provided with sensing means. During drilling of the well bore 7, the heavy portion of
the outer housing seeks the low side of the well bore and the position of the outer
housing remains relatively fixed with respect to the well bore. The drill string 3 and
magnet 4 rotate relative to the outer housing. Lines of flux 5 radiate from the magnet 4
in such a manner as to overcome the Earth’s ambient field. The field should also be set
high enough to compensate for the reduction in field strength over distance. The flux
lines 5 extend radially beyond the instrument barrel 6 such that sensors within the
instrument barrel 6 can detect the intensity of the emitted magnetic field. It should also
be noted that the magnetic field strength should also be calculated giving due
consideration to the differences in magnetic field strength of the Earth at extreme
Northerly and Southerly latitudes.




drive neans for selectively rotating said inner eccentric sleeve w t?

respect to said outer housing and | ogic neans for controlling said Lfi vaN Zfﬂ%
nmeans based on the information transmtted along said drill string. 14. An
apparatus for transmtting information in a tinmely manner fromthe face of

t he EartWQW6H%ownhol e assenbly, whereby the rotation 8FTAARIVEHERY | string

is used as an output device, conveying 3nformation to conmponents which are

| ocated in I €, : I S iSsing. a deyice which is
cl osel y cou%g%ﬁﬁéh %%EWe]F E‘?‘ﬁ%&g‘r&;ﬂ Itﬁ}tgttlf‘ ?‘ﬁg@{mi#e %n?%?ﬁnr%? ustriRgend
- assenbly; vhineheahitr Smaxigivgnialthomagrietit GEIAGEGttdal. WM BOFRPhetaUsh that the

rotation of the drillstring is used to activate a sensor neans which nmay be
i nt egr at ed furthest &rHide msiementibprreldy, thep g misimum inghe megeaticfigldisdetastsénbl y

with atim i L. t rived from.the rotation
of the dri I?%@?%S&E?g%@#%g%%%}g%n%}ggﬁgap ‘gagtéﬁggﬁssg’?? {Or?sﬁg%&éeeﬁ‘d@% em such
that meani ngibgtletie fieldtit aly tiffey when the eeomblet S hadhating)i HoweRy, L6 sepR! ed to an
actuation or swi tching nechani smor _mechani snms. 15. An apparatds according
to cl ai m 12Decfsarydp meatie bgifegeancy pf wiasion of tha membss iitig 2démuasrifibeonnent
conprises a et l LCe. . . ratus accarding to

o m 12, WiBSSEfosflonfptFRRRElelc: SRS in M, 1N uPRE R Rl OF ROl rucif
conprises awme basoc dh othied words whe ssorjust aéddy &) ddeddy sérits of phigs Wikrf t he
drill string. 17, An a ratus according to claiml1l2, wherein the emtter
or device i%cbwﬁéi‘%@ugﬁgnb‘ﬁ\ﬂnf* ftatiepbfhe member3.| east one of a sonic or
radi oactive source. 18. A nethod of transmtting information along a
tubular to a downhol e nmenber | ocated within a well bore, the nethod

conpri si ng Theslxidgpwaypalsobeasetnwhigh degan thg effeit df tha Fatthts maghetiefieidah® r ot ati on

of said tubular is coptroll i n.accor.dan wth infar ion which is to be
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rotation, such that each conplete revolution of the tubular is equal to an
anal ogue or binary data point; analysing the nonitored rotation of said

t ubul ar such that. - tﬁﬁﬁ- termned fromthe
rotation of 5&ss'(g? dtlg%u a?{. E#%%%Sﬁa%f) E’g‘]i;j of E‘a“%g%??t% ?‘%g‘“i’ﬂ?%ﬁ%%‘%“a‘f{s-a| ong a -
tubul ar to Thelprmisivne ofvthesgretesenests wiléws the dirvetloh oP Gieqotatibeofmbldad - -
conprising the steps of rotatably driving said tubular, wherein the
rotation of S&ae & beasqiraiely; detaminef o5 el a5 Hs mag®ance with i nformation which
is to be transmtted along said tubular; nonitoring the rotation of said
tubular relative to a sub-assenbly, the subassenbly adjacent the tubul ar;
and anal ysi e sdnsonmmhnich isolattd mothat the instrhmsseti tekrreLils prederably citudtédiin 8 magni t ude

of a paraneter, ca e determned.fromthe rotation of said tupular. 20. The
met hod of thﬁ}n}ﬁsig‘ gragplﬁertrﬁggqegfaéltyit@ﬁswenéa;casum}ﬁpeé'suqtgﬂlﬁgﬂ;t ored using

a nmagnet, angiriientBficiis Kol RS tHY HogchdieTireiiate. TRIMstrE8Rn@RbEEirtdIthag MBXi MA
in the magnetic field of the rraﬂnet, so that each anal ogue or binary data
poi Nt cor r eSPOPERSS 8 agneiemeler, otHaM rifeet device orthedik g detectingihagagoetieny one
of clains 1%cdo 20, wherein the step of nonitoring the rotation of said
tubul ar conprises the step of nonitoring the rotational velocity of the
tubular. 22. A nethod according to any one of clains 18 to 21, wherein he

step of nonitoring fhe r_?tation, of the tubul ar, conprises_the step of timng

a period of IfyHablpthere 3l bs mateaal hetweon the magneNc senspots the instrumant hagebhy one

of clains 1 | [ Vi . | ar - LhsSes the

tep of ot oghi B hen LS Sl e Shihehpiher TR AR A ANRS

~determ ned Iy ak pessibié, be maghaivallhiratsparentt dn behei warishe hegnaicofdd blmid ubul ar .
pass through this material without becoming deflected or distorted. Materials which

exhibit these properties include austenic stainless steels and other non-ferrous material.



24. A. nmethod according to any one of clains 18 to 23, wherein thaﬁt. ﬁ Oéﬂ
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analysis means to analyse the information sent along the drill string. If the information
which is sent along the drill string requires mechanical movement of a component of the
drilling too} or member, then drive means are required to move the required component
are instructed. For example, the drive means may move a component either radially or
axially in the drilling tool. In addition to mechanical information, the drilling tool may
also require instructions which are essentially electronic in nature. For example,
information relating to the preferred rate of data transmission may be sent along the drifl

string.

In both the generalised and preferred embodiments of the assembly, it should be
understood the different signalling means may be employed, that different
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CLAIMS: .

1. An apparétus for the use of drilling or producing from a well bore, the apparatus
comprising: '
a downhole member capable of being attached to a tubular,
means for rotating the tubular, |
| -control means for controlling the rotation of said tubular in order to transmit
information along said tubular,
: + means for monitoring the rotation of said tubular; and
means for decoding said information transmitted along said tubular, the decoding
means configured to determine a magnitude of a parameter from the rotation of said
tubular, sﬁch that each complete revolution of the tubular is equal to an analogue or

binary data point.

2. The apparatus of claim 1 wherein the monitoring means is a magnet and the
decoding means is configured to detect a maxima in the magnetic field of the magnet, so

that each analogue or binary data point corresponds to a detected maxima,

- 3. An apparatus for the use of drilling or producing from a well bore, the apparatus
comprising:
‘a downhole member capable of belng attached to a tubular,
means for rotating the tubular,
control means for controlling the rotation of said tubular in order to transmit
information along said tubular,
| ‘a sub-assembly adjacent the tubular and
means for monitoring the rotation of said tubular relative to the sub-assembly,
.and for deoodmg said information transmitted along said tubular such that a magnitude

“of a parameter can be determined from the rotation of said tubular.

- 4. An apparatus according to any precéding_cl.aim, wherein the control means is

configured to control the rotational velocity or frequency of the tubular. _

5. - An apparatus according to any preceding claim, wherein the control means is

configured to stop the rotation of the tubular for a predetermined time. _
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' 13. An apparatus according to any preceding claim, wherein said drilling member
.compri_ses: ' ' | o
a hollow rotatable mandrel having a concenﬁic longitudinal ‘bore;

" an inner sleeve rotatably 60upled about said mandrel, said innér sleeve having an
" eccentric longitudinal bore of sufficient diameter to alldw free relative motion between

said mandrel and said inner sieeve; | |
- an outer housing havihg an outer surface, said outer: housing is rotatably coupled
around said inner epcentrié'sleeve, said outer housi_ng having an eccentric longitudinal
bore forming a weighted side adapted to autométiéally seek th¢ lIow side of the wellbore

: and having sﬁfﬁ_cient diameter to allow free relative motion between said inner sleeve and
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system such that meaningful encoding may be accomplished, which may be coupled to

an actuation or switching mechanism or mechanisms.

15.  An apparatus according to claim 12, wherein the emitter or device influencing the

environment comprises a magnet or a magnetic device.

16. ' An apparatus according to claim 12, wherein the emitter or device influencing the
environment comprises a mechanical switch which is activated by the rotation of the

drill string.

17. An apparatus accordlng to claim 12, wherein the emitter or deVIGe influencing the

envu'onment comprises at least one of a sonic or radloactlve source

~'18. A method of f:ransmitting information along a tubular to a downhole member
located within a well bore, thé'method comprising the steps of:
| rotatably driving said tubular, Wherem the rotation of sajd tubular is coutrolled in
accordance w1th information which is to be transnutted along said tubular

momtormg the rotation of said tubular
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21 A method according to any one of claims 18 to 20, wherein the step of monitoring
the rotation of said tubular comprises the step of monitoring the rotational velocity of the

tubular.

22. . A method abcording to any one of claims 18 to 21, wherein the step of monitoring
the rotation of the tubular comprises the step of timing a period of non-rotation of the

tubular.

23, A method according to any one of claims 18 to 21, wherein the step of driving the
tubular comprises the step of stopping the rotation of the tubular for a pre-determined

time determined by the information which is to be transmitted along the tubular.

24. A method according to any one of claims 18 to 23 wherein the step of monitoring
the rotation of the tubular comprises the step of measuring the t1me over Whlch the

tubular 18 contlnuously rotating ata partlcular frequency
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25.  Anapparatus as substantially hereinbefore described with reference to any of

| figures 1 to 4B.

26. A method as substantially hereinbefore described with reference to any of figures 1
to 4B. | |



