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Abstract

(54) Tifle: APPARATUS AND METHOD FOR TRANSMITTING INFORMATION TO AND COMMUNICATING WITH A DOWN-
HOLE DEVICE

(57} Abstract

An apparatus for use in drilling or producing from a well bore, the apparatus comprising a downhole member such as a drilling
device or a production device which is capable of being attached to a tubular such as a drill strmg. production string or the like, means
for rotating a tubular, control means for controlling the rotation of said wbular 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 by the drilling member from the rotation of said tubular. The invention also relates to a method for
communicating with a downhole tocl using the apparatus.




An apparatus for use in drilling or producing froma well bore,zqthN 2004
appar atus conprising a downhol e nenber such as a drilling device or a
production device which is capable of being attached to a tubular such as a
drill string) production string or the |ike, nmeans for rotating a tubular)
control neans for controlling the rotation of said tubular in order to
transmt information along said tubular and neans for nonitoring the
rotation of said tubular and for decoding said information transmtted

al ong said tubular such that a magnitude of a paraneter can be determ ned

by the drilling nenber fromthe rotation of said tubular. The invention
also relates to a method for conmmunicating with a downhol e tool using the
appar at us. 27 JAN 2004 FOR THE PURPOSES OF | NFORMATI ON ONLYCodes used to
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and Method for Transmtting Information to and Conmunicating with a

Downhol e -Devi ce The present invention is concerned with the field of
downhol e tools. More specifically, the present invention is concerned with

~an apparatus and nethod for transmitting information to a downhole tool. A

drilling tool or nmenber is a device suitable for drilling a well bore or

the like. As the drilling tool drills further into the ground,

comuni cating with the tool becones nmore and nore difficult. O her downhole

tgols, variously referred to as "production tools”, fulfilling different
flnctions fromdrilling FEHILE JERFOFAAFAYFERMATION ONXIZt a requi renents to
dilli Al ' i ¢ hi he.scaope of this. apparat
il ot a2 R B SEBIISH IS SNkl U SE Rl ki ARREL BT
irf?¢nam$@n fromtheedribdi ng tool towheisw face is "tel emeliy' . Tel enetiiy.
cgnibe it eved by mghy fHEns, for exgfipl ghambar dwire' , gwhel¥et he signal ils
passed akong a condushi ngsaedi um vi a avectswical neans aqad tseaahi ch the
drji 8 i n§f2E 80l 0.5, at t FEheli- ™ above i ety nethod rRquifes the
prlovs si amdf a separ atie G@AMNI cati ON McOUlMaugd@! L Ne eleﬁtriﬁﬁumsignal fron
tkeﬁ§ur€§¥ﬁgo'fhis pr @i d€¥=dr awbacks ¥ t grfrme ot h cBst Tatrehspot ent i al

r gl w@bi Ligdy as the siwnakwmgyst reach the tad! WAEN t he Foolmile R0y Nl es
bgl 8w t pre surface. A% el et ry nmedi umMMor Meetamuni cat i nguani ttheithe t ool

sHogl d pigal |y be onds of tihe paranet ety WiEEH*i s readi | av{%ﬁaﬁglﬂqm&&l

=)

eift lser dWﬁlLlngmpr pqodU@mlon scenari o& Awegsil|ing paremetekiess a
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27JAN L~2004~~ WD 00/ 651 98 PCT/ GB00/ 01629 Drilling paraneters such2abs j&ie 004
“weight-on-bit', punp cycling and drill string rotation have been .
previ ously been consi dered. However, generally, these have been used just
to toggle a switch between two states, and represent, at worst a_binary

swi t chi YRGB8 and, at best, a means of stepping thr oB§H/GRIPPISH e
options. The drill string rotation is & drilling paraneter which is comon
to alnmost all rotary drilling operations. This is typically nmeasured in
revolutions per mnute (RPM. Variations in the rotation of the drill
string can be used, be that in terns of the actual rotational velocity, the

time when the drilling string is continuously rotating at a conti nuous
speed or a measured time when the drill string is not rotating can be used
to transmt a,sophisticat Hoand. sequence,. wher i the.rotary. conmand

* par anet er hasAF.'%‘ At} ie ot Tl 106 % 1 \% gl e

signal transmtted down. the drill Déwhitge Devitdre drilling tool. Thus, this
new apparatus and nmet hod addresses all the problenms posed by known prior
art. Although the term"drill string"” has been used, it will be appreciated

that the "dgil]l LLNg-.. . ar i ch. i oppected. tqg, a
downhol e tog‘}’? pr'eg 5%@?(%@3%&$@?§?¥%%0 el(goib oggﬁug{eitg?}g.sw%ﬂaeggﬁﬁy *al so be
used if theuRqnesead iBvéntioh is oneerpd GaUCn PPartatiland Aethdl EatansRiiiMe any pi pe
or -any nmedi umwhi ch generally connects the downhol e tool (when in position
in the wel | information;tg mdewmheletaele control station, providing that rotation
of the tubular at the surface causes rotation of at |east a part of the

tubul ar at the downhole tool. Therefore, in a first aspect, the present
i nventi on proiridest@hoapapabaismsddvioe susablé for drillingiarveelidborpoodtieitikngAs them a

wel | bore, the. apparatu onprising a,downhol e nenber. capabl e of being
attached todﬁﬁ{nﬁﬁgfﬁéﬁls ﬁE&ﬁQBP&Ee E%Pﬁq’icﬂﬁ'f‘%’r‘“f‘iﬁ‘ﬁﬁﬂ With thedp lrlﬁforﬂ%“dﬂ%ref or
control ling aﬁmof@aiﬁtduﬁno%a&wﬂmu%uis?vadong?&a&&e&ﬁagfﬁ%g ton P19, MBLI ON

along said tubul'ar and nmeans for nonitoring the rotatio sai d tbul ar
and for decddfiipgshffercntdtnstions fraym dtilgdonls yet dhaving signikeailata regirtments tch t hat

itud . . be, d i ned f h j On id :
Cubarar . a3 RS B R G680 e BB doscr i bed,

the tubular may be a drill string, production string or the like. The
downhol e nenber may be a drilling tool @£r oduction tool or the like. In a
second aspedhe recognisrddsianin thegs r thsmethed piteansmitting infermiasion fromrtbei t t i ng

i nformation Wk celi O h [ga?tg gg; it hj wel |
bore, the rrgﬁhglgqgér%%a ngcetlﬁetagrgg‘#g' ?FE ro a?‘gB‘ll'jQ/ r?gpﬁﬂd’ﬂggﬁjg tbul ar,
wher ei n t he feiGixainpten ‘lafdveee’ ovitertohit signalds passéd dbhgedlconduaipanetigg &iaM t h
information which is to be tr,ahn n‘it_ied al.qQng sgi tubul ar; nonitoring the
rotation of ciesirieal means apd togphjc e drilling tool 1s 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.



anal ysing the nonitored rotation of said tubular such that a mag@i'ft L_I%z %@ !ia
paraneter can be determned fromthe rotation of said tublan The var {i @1
in the tubular rotation may be provided by varying the rotational velocity
or frequency of the tubular, neasuring the time for contin tation of

t he tubu}vé)r,’ﬁﬁlgglsuri ng the tine between. successive rot atPFE#%%@P{G?%e t ubul ar
(i.e. the tine when the tubular is not 2otating), or any of the above
paraneters in..either separately.or. in copbination etc., This ability to vary
the rotati oth’glllmg B@f@&“@ﬁ%@&%‘@%&“@#ﬂﬂﬁaﬁfm QF 1%?’@\/9%’ bstrrgfotaigRe to be
comuni cat gyt Bedn}RedoNN S ORI, q-ﬁm%pa?g&féraﬁlg, thtsethafe Péeg}%%q akgpal -
Therefore a signal, such as a magnitude of "The change in a drilling angle
can be conmuoggle aswiich betwhen twostatdsyandgeprgsent) st worsiea bindnysavitching dévicn.
Explicitly, the.nmeasured frequen of the tubular at the downhol e nenber
can cormuniad‘&t%‘b?‘nﬁf?&?’i‘sc%s‘eg%‘%g*?‘@%t'ﬂ'gnﬂfe|°P'i’°”§t ting. The rotation or

~ frequency of the tubular may be nonitored by the use of an emtter device
which emits a signal or influences its environnent such that the rotation

of the dri | Thesdril] siting rotationds a drilliog parametenwhich ssorommeants almos? all rakAM 2004 WO

001 65198 PCJL.(B00/ 0162 .em.tter device which emts.a, s] or

i nfl uences ?’i‘lgg%ﬂ?ﬁr‘%%ﬁ%’emgr‘rsa?mﬁ%}ﬁ'ﬂpfag'éreg"}f&&ﬂ@{g@sﬂef M‘?m or in

addi tion t ovhfiRioRRENgt rotiths ofehe BB ik @h e uSTHE hefinderdR\IFRR ailafh enits a
sonic or a radioactive signal. The enmtter device may be | ocated on the

tubul ar or rotatignalnglasiy.ithetime phen s srillingstringrineertiodously totatingabal ar or on a

ul ar o | dingstiwineatin .
moohani cal SRR ARt SRR ide whef o Rl BinglF BB ORY s, “sucn

that each reumphitd sophisScargimniadasquend, ogueinahe it tahmdad parBReRE hasThe
rotation of the tubi_hgr_ may be nonitored_using a sensor. The sensor nmay
sense a fi efngeymdg A GPROsEA £9 e qowyentiongh togcle signalimpmsittedlogmithe or .~ For |
exanpl e, if gthesem A -%m, JAE. ef f ect
devi ce or adﬁnlggtﬁg?})&rrlgl? gﬁlﬁlg\l%t)denraggﬁvﬂﬁe Y, %Iﬂ’gmi%@gr&n may ;S/I egsscgahkhg sense
changes i n problenlsgosadtiyknowepent arpar anet er due to the rotation of the

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 opiféughlie ferth Uhill strifiChhseSPRRA it WAHbTa RFRIAEARbMnS €ige t he
centre of the Earth for use in controlli ng a Measurenment-Wiile-Drilling,
Loggi ng- Wi stangk ¢auld brpnytulsilarivihach ig egineeted ‘hedowntwie topk ior dkeapleof its

type, be_act i yat the rotating tubul hat, .each | ution of
hecarit SRRy of ERihyfion o SRR Y e S 5hhle BOLBRROAERE Cenor

may be | ocaicatl Amutule chutlbeluf pipsor @y aicdiign #hich geherilieconp@Ad ik dowaRsl@ect ed
to the tubular or a non rotati nglbggrt of the apparatus or a non-rotating
(S

part of thetoghfdieas BoHEERhs el hore) with 3 surfacs sopfrol sigtionmreyiding that
rotation of the tubular at the surface causes rotation of at least a part of the tubular at the
downbhole tool.

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.



Preferably, the sensor neans conprises a timng device such that ggnﬁgk "
outputs derived fromthe rotation of the tubular may be neasured e i 4104
A plurality of emtters and/or sensors nay be provided. If a plurality of
emtter devices and/ or sensor means are provided then each of the devices .
and/ or s&RWEHEans may be actuated in an independent oPCI&RIEMPRH nmanner.
The plurality of emtters nay be 27 3AN 2004 ' WD 00/ 651 98

PCT/ GB00/ 01629 | ocat ed radi al | r axially..on.the rotating drill string. If
the om t t er &° BegioRSty deseriBrd dhe sfbular ik 4 il e Pregiftiansihg orisee s gned
with al ter nghd @gviitlemntmbd nay be@ deitingubolf froductibs 100t BSBE nFF.a“S may be

anal ogue or digital. The output fromthe sensor neans w general ly be
provided to a drive neans or a logic means in order to control the drilling

menber or ofher device.i.p accordance with,the infaormation transm tted down
the drill SPdtreomdasiecy e peserlindinion Piovites ATehpd o Famsmitiar FSgmation Ui ds
and may be gond Aiubalr idk dovaliBRShémbed Méaiel OithM RelPb&E ShaRlethodt he pressure

housing is magnetically transparent. The output fromthe sensor may be
utilized fofomprisiigche Mgpsaf: acti vation neans in the instrunentation of the

nousi ng. The. act RUSEReTBE R wheE bR BLRSE e RN it iedf o1

physi cal i nadcordanceRhigh ifdrination @hichBan be WaysnliRed AR RbuaLt | vati ng

mul tiple devices in ejther an independent or sequential manner. The
actuati on neans Weytemedhe wtaion of saidubwanead or continuous in nature. The
above appar at us : . Lft_nodul afi @n or ot her
means of checki n%ﬁ*fgﬁ%gﬁ%?@%&g@%&:}%ﬁﬁ%zd @Eﬁ?ﬁ%ﬁgm@%?ﬁa@l& t°?8n. The
appar at us apatametehe radetndinad from thdmtdtion of sadehivakReond aspects of the
invention (respectively) may be used with any downhol e device where it is
necessary to transmt a control paraneter to the device, for exanple, to

control the driaking i [ , [ . ' for use
Weh 5 wel | bhr crshiDl PHE RIS Rl b 1600 3 BriiRE R Bl bt
The | atter defréqendysofahe mpplar, ateasiring thesrheefor corginpoasaotatioh bf the tdbubm) t he
surface, the drilli ne%'dih ction of .wel ltagore'ftht[}éo rises a holl ow

rotat abl e nifAYERE hefime helyee Ueerssverorligpeof thy, Pﬁg?-ea (tigeayenythey ¢
stabilizer gibaRS isHl ratatp), e afESfithe abbe pRakRY ihAithdabhfalBH M sE! has a
concentric longitudinal bore. The inner sleeve is rotatably coupled about
t he mandrel CHRBARON 4B eccentric | ongitudi nal bore of sufficient dianeter

to allow free relative notion between the mandrel and the

This ability to vary the rotational speed or frequency of the tubular allows a magnitude
to be communicated to the downhole member as opposed to just a binary signal.
Therefore a signal, such as a magnitude of the change in a drilling angle can be
communicated to the tool by using just the tubular rotation. Explicitly, the measured
frequency of the tubular at the downhole member can communicate a numerical value to
the drill string.

The rotation or frequency of the tubular may be monitored by the use of an emitter
device which emits a signal or influences its environment such that the rotation of the

drill string is used to activate a sensor means.,



27 JAN 2004 WD 00/ 65198 PCTI GB00/ 01629 inner sleeve. The outer h uﬁiwi%\dicmm
rotatably coupl ed around the inner eccentric sleeve and has an eccentri

| ongi tudi nal bore form ng a weighted side. The outer housing al so has
sufficient dianmeter to allow free relative notion between the inner sleeve.
Two st abMA®E1% hoes are longitudinally attached to or FEMEEPK%grally
with the outer surface of the outer houding. Finally, the drive neans is

arranged for, selecti,vely ratating.the i,nger eccentric sleeve wth respect
to the out o SRR eV io M SRS s Enab o HUEngPY I BRAPEH R COPSichan |

Fi gures 3A ghgn3BAltkinalivel 3P hdtfiod 16 BRMGHERRE QBVIMRLE DN, Edmprikedt t ached to
an adapter sub. 104, which can be attached to the dril1 string ?not shown) .
The adapt er devite whichtmits heehic or amadioagtivesigndt at abl e mandrel 111 and may not
- be necessary if the drill string pipe threads match the device threads. The
mandrel is free to rotate within the inner eccentric sleeve 112. ‘The '
mandrel 111 Th§ emaRaBEBcOhaPbiSoaitérsh thetubhiaPbr MadiRh Paﬁ Betht BpSiraths €€ve 112.
The inner eccentric sleeve | 12 nay be turned freely within an arc, by a
drive means conrgtted Hothe yubujan of efea pereroaiing par of e appasathpusi ng or nmandrel 113.
The bearing surfaces between the inner and outer mandrels are not critical
as they are not in constant nutual rotation, but they nust be capabl e of

remai ni ng ciypaematd devicd Mhpédnyiisy a nfohdnfdafsieitol wick Rep@edied y BadiatRhher i n
the drilling environnment. The_ inner rotating mandrel 111, is attached '

di rectly t o oithgiibylarpsuch fhayeachacyoluion is qqual thiap aaplogngyor digittkdatppainkeen t he
two el enents and an adapter sub nmay be required for matching purposes.
Figure B shows the relative eccentricity of the inner, 112 and outer, 113
eccentric siThevasti¢muafities tubaiasinaghe mémeraiising dheusirn The sasorahsy shsea bor e
passi ng Ion%_i tudinally thr OElg(gét he outer. sl eeve which accepts the inner

sl eeve. The T8l & ing fie 1enak gt Wih?§m8{PEsF.Efe‘?xa§1ﬁM%e@ﬁér

" Pregnant patf biabnet tkAhe sthSr 798 AHalRRHok RO:ic0 b WilaphhGflersy. de. 120 of the
outer housing fornms the heavy side of the outer housing and is manufactured
‘as a part ofAltdmmtivelycthe s¢nseveay Hsed toegnserdhatges i srginberehtdy presenhie dri ve

means for controll abl um t i r centri.c sl eeve 27 JAN 2004 WO
001 6510, PC AR GN BIRRHToR o fhe Sy TRE BOITRLC BeRiRic AAIcPPrBHE
pregnant hougidigoR®ikr Aith 3 dRiveO8irdct ﬁl'terrﬁdﬁnE%;avRQﬁ\ﬁfa_l SHPRIPLRSs alAREEAUl 1 C
devices, and the 1ike which are %pgr may be ) associated with the "on
demand'  f unimgplicf thevetatian ef the tubalas. Suther sensor avouldoprefezdhily sepeethe hendes of 121 | on
ei ther side of -t he er housi rf gRt...ang) es. t e pregnant
housi ng and %%E?Jﬂ%fogg%etlp &° '”Ur%ien% y\/%ﬂ%%ﬁ?%“ﬁé@#%@“%‘ﬁt gg&g%klgiljl)‘gﬁg%n t he
i nner sl eevepr sihiggdetive FlitarAsos arpgurlldss oLiMyHE nagty achvatdd WNBE yotatiigat i on on
the part of the outer housing causg‘(ill by. bearing friction between the

e

rotating rarfgbelpr such thet each resplutipn, aithe dHll shringji canabioan angloguerprcbinarydats | zer
shoes are n | | SOV i t I di aneter.
The sane te ﬁnﬁq%ggusedﬂ%o&s?%e?@g%ﬁ%’ agrt()g@?l?' é@?fﬁ{gﬁb egtg%pl ied in
choosi ng t hecainemedab thetabalandria noneotatippest ofht eppasiuswelaynon-rofating paresf 121
can be forned inteqgrall ith the outer.housi 113. The pregnant or

wei ght ed por Fﬁwaﬁ“ﬁ%ggﬁ%%?n%%aﬁ@“ﬁffg?e t{é? tend to seek the | owside
of the hole and the operation of the apparatus depends on the pregnant

housi ng being at the |owside of the hole, The manner of functioning of the
appar at us anbrefrsetily, theoenson aneghseenmprisesa/émingcievice such that sensor outputs derived

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

el

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



control a drilling device such as a directional drilling device ag, Rhojh 1705
Figures A and B will be described in nore detail hereinbel ow. The present
i nvention will now be described with reference to the foll ow ng non
limting preferred enbodiments in which: Figure 1 shows a schematic of an
enbodi meNP 0Yp5i¥he present invention; Figure 2A shows a BYHEBEVROY) e of a
typi cal accel erometer output; Figure 2B shows a plot of an accel eroneter
out put used to neasyre a.rtotatin rill.string with a variaple rofation
opebd: Fi opttesRedae Sl of tsilion b Sibpol # et Abrti Ghre 98
shows a pl ghadpbishipindhé MAprReRs RAMehSE with ARmahg pelalifis. drillstring is
switched between rotating at a fixed speed and zero rotation; 2 7 JAN
2004 WO 00l 65198 PCT/ GB00I 01629 Figure 4A shows a cross section of a

drilli t | i i th nmbodi t ,.of .t t i ti ;
B oure 46 oyt BBLEE Eaterthaah Aty SERRAAIR B bt the BRGRFBomal "
anot her emﬂimmlﬁﬁﬁergﬂfﬁﬁﬁ}bviﬂw@ﬁidrﬁ@;mé:athFael%gﬁ/fn@aﬂgirﬁ)ra&qw a prior

art drilling tool. Figure shows a schematic of an enbodi nent of the
present i nvemtrolothe deiking arenibes orgpthes devige iniascardance wiithdhe informatienr f ace st ati on
23 via dril] str] 25.. To.effect rotational drilling, the drill string 25
is rotat ed_“@ﬁﬂ‘t{’-@%"@?‘ﬂﬁ%ﬂﬁ%ﬂﬁ-s provided with rotation control rneans 27
which controls the rotation of the drill string. The drilling.tool 21 has
nmoni toring nmeans 29 which nonitors the rotation of the drill string 25.

Figure 2A sRevesnsands prefeppbly isflated framcus! bt fluidsandgnayrhe cntaineddn 2 ng r ot at es.
In a si ngl € r'é%.uaetﬂ(}%gﬁng/f Nfopee r?fei‘albly ﬁ'}erﬂr&gure thl?Sll%C.jlg %aglg&%%ﬁfﬁm%u %l%Htt ¢ hanges
n~, returni’ng t pa ou

froma zer pornt to ) 0O zZzero, a Sl ng zero to

poi nt  Vnj n @ngodthadfronatl sérsozaaobe Willized fir priggefifg hhectivat®] weaBh ae i S
generally sjnusoidal w_th the magnitude of the maxim,and the m nima being

Vm- and Vim mstraagedomal iy dovmiols mamben eranaateemttdy whish it huissdhiper segi@€pendent
on the attr ¥c‘§§ho%§inb.h?fn@ﬁﬁi%tfdﬁ| rhéqns §139 O IR0 Qa6 AREtnghiea dhe time it

takes to conplete a single 360 revol uti
physical in form. The activation means may be capable of activating muitipie devices in
either an independent or sequential manner. The actuation means may be bi-phase,

incremental or continuous in nature.

The above apparatus or method preferably uses phase shift modulation or other means

of checking for errors or variances in the tubular rotation.

The apparatus and method according to the first and second aspects of the invention
(respectively) may be used with any downhole device where it is necessary to transmit a

- control parameter to the device, for example, to control the drilling direction.

However, they are especially suited for use with a wellbore directional steering tool as

| described in WO-A-96/31679. The latter device is an apparatus for selectively
controlling from the surface, the drilling direction of wellbore. It comprises a hollow
rotatable mandrel, an inner sleeve, an outer housing, a plurality of stabilizer shoes and a
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



In Figure 2A, the acceleroneter is attached to the drill string. qThe

starting point for the single rotation is taken fromwhere a teszm i 2804
the acceleroneter is in a neutral position. Figure 2B shows an
acceleroneter output simlar to figure 2A. Except, here, a nunber of

rotation Y30t the drill string are shown and al so, FCREBPLET onal
speed of the drill string is varied ovef time. The rotational speed of the
drill stringmkSsi@9PeTR biMerTRASH p 27 JAN
2004 W O 00/ 65198 PCT/ @00/0162%%#3&3&?88‘%}@%%"‘% t!h‘?acc f%"&%‘#eﬁ?gr%n figure
2B shows t hm;cbharslan Iecqeb’tﬂ&tlﬁ)muélylell tege foiminge whightdd sider iThg .oulBnRowkirigh b

vertical i catg .the start and end of each cycle.

Here, each %fcﬁu mff ?% e%ﬁgonall NI RIET BARINERETWEED Shr Inne slgeverakvaum V'
However ltstﬂbthkerl%ﬁos%ﬁftrleﬁgxﬁidﬁﬁll Btdchanth o Hrited %%g&ﬂgr&mlh% e chosen

as the start ‘Bomt The first ation cycle h Ce this
cycl e i s combthepuigr hausings ﬁmﬂy,dhe drdteantann isaratiged fdrselelctvsdly torginigshe educed
over the second ntil..a third cycle with a period of rotation t2 is
achi eved. PE Fre%%(rgkceﬂg vgﬁﬂglrrefﬂﬁtﬁoﬁlﬁ UG PUSINg hor of ore, the speed of
rotation in the first cycle is greater than that of the third cycle. Thus,
a change in the rotation speed of the drill string can be detected a2 the
drilling meAbembedimant of thedirecsignal togd icshown freFiguten s Aand ﬂBed.uemwmm at he

drill strin th ril Ie devi ce
or tool. Fi g%'@?ﬁggﬁ%\;\%bgﬂ é}%kﬁ#lci%ﬁ% a@? 5?5’130&@‘? “&E&E“é’iﬂtt&?a é"@Fl N
stri.ng over diill sieing $ndt Beowi)! The adupws seteistatadhbd ii8e Bk dotaSdHld ng.ndrél 1Qhanged.
Rotation of the drill string s started and the rotational velocity (or

equi val ent | 4R ’F?‘é’&ﬁ&‘f?&%\‘f thesiril starg pipe threeds matsh thetdevive thrgads. fThequency
is held at S ato Ls initial
rotation fr?%%ﬁ?&ﬁké[%%%gﬁﬁg%l%%?gkﬁs estrlé’eggggj]glrhl ?’@F%ﬁ?b% al ong the
drill stringgpable Oﬁwtfmh@oollaeomwﬁumtthe Bmerdslavslmnal‘hetlmdaremaﬁﬁ ddage dril ling
menber for gg}e h{] nal transmt information to alert the
drilling me G A Y5 meams (ot shevmgyinside thedatesr mi ned
pattern thegcdefiic hoksy 6rQﬂarld§cl t1 93t Tﬁ@ﬁé‘aﬁﬁ Qlﬁ-?a%estl{%r&é%ﬁ 6 fnh%ﬂ dnd o‘IEFePber

Al so, this data set can be used to set artl cu par ameter which

" going to bentaﬂ@mbrﬁﬁtllfédnmad)ﬁ@ﬂTEheTCmOIinlcossttantmgltudltotahm,lbﬂtthq/ mnastdd that t he

| engt h of as, .th enc otation tself a
varlgabl e paféz’igr%g@ of Hd aaT?ﬂ §?Pﬂbdlﬂggamfeivqfégﬂ qiuﬁ ﬁ%?PF‘IHﬁ‘?eI i°|r‘|]§)er m the
conbi nat ori ahllﬂgbmﬁtdmﬁm ssion wherein rimng and frequency vari abl es have

pre-set limts reduces the possibility of operator errors and acci dental
actuations may be avoi ded. After tinme period [I], the rotation of the drill

string is e & o r 26 I]_heshol val ue for
time peri odrl?,t‘gﬁ[nmfl'hglﬁ'gi resﬁroriaﬁ uet}?eéi %&B‘?‘gm‘ﬁﬁg’% ﬂ)g S mari | y
used to cr edtreadamabrddferdheswemdteltwn ebeieneend iah addpuee sulPhRy be redlirdd\f$r2004 WO
001 65198

"l

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



10 PCT/ GB00/ 01629 The frequency of rotation of the drill string is then |

increased to RZ for tinme period [3]. This variation in the rotatd énJAN 2004
frequency represents an easily identifiable codification as it varies both
in rotational frequency and duration fromtime period [1]. The duration of

time per WoHPY68198; s restricted once again by reduci ng t h&GTAeRA0OHRA)
frequency to bel ow threshold value R-0 for a second time period [2]. After

t he second }jqe . peri )] ther [ fre ncy is increased to R3 for
time port od 00 ReguEthessbe.' RBbaleRk, RRarek e Bliine e Riias R deeuing Rz

Ti me per i odpdwilr seglielchydmalitc &svicas, 360 fHedike viladiPars Br ny Heg aSsRiakA wigpd as
suppl emental data set to that transmtted in tine period [3J. It may also
be used as Wepredamand” fusnipg eidhe RFTileedat a set (in a sinilar manner to the
data set of period [ 1 J) or it may be used as a term nating data set which
‘may return the paraneters of the tool to an equilibriumposition. Figure 3A

shows that Thge pleasentabilizuieshbéspIR 17BN eltifer SRS tHe dufe RowSirtg 1064kd 4iGRKt on whi ch
is linear, progressive and discrete: each data set nay be sequential and

may be sepafiesdo thegnsanaptfivusing andpn the sentredipe dravay theswgb thexentsr of | ow
f d ; ; th d or. f f
ot ot on of Pifion SR RAEAIGE. HRsCEREMIENerlo LOMMERFS fraliond SRR i ¢ o

nuneri ¢ -val eethe parof theromter hosinguaugtd b bearirigafitsn botwedahe fbimhgSRindrel ©-
frequency and duration, which may be contraqlled fromthe surface. To

h ]}
summari se, 1 HedW thomensorenincesyn )  pelbeseabilizer shoss atseromaliyiieproxpllpendvays i n
order to t d 1Bl wellBR diRbieTo, | § sLent
par amaters%iﬂczg reqﬁi re ‘iv?lstrué?[?oﬁs fregﬁ]?ﬁghégh@ap%g%gﬂo]%%%@%e er which
is to be chsalgbzercaybbepmied irghotding the aizanétheswbilizet shoes. Ahanstbebythel -
rotation and th nmoynt. whi.ch th araneter .is.to he .changed by may be set
by the dura%OSE?%?c@ﬁ)e? fg'i'“beﬁldw.egrﬂﬁ g?"ﬁglﬁ %‘fﬁ;‘f’uﬁ’ﬁ%l r rggn. be chosen
by a prepar akphitd §aiinST AR hosisk 1 13S041Pnl 1d se@l thelBE-SRUThlfe Aig t he
paranmeter may be conmuni cated by the magnitude of the follow ng velocity or
frequency sthgwagration ofzthg PPPaE?(MSACV@d@ On 61519 8znEst IRUFINGBOIG1 8RJovsideadi ng,
standard-cog%h%%rrecti on techni ques, or other statistical nmeans may be
enpl oyed to I'nprove the quality of the data obtained from each individual

data set. Any nunber of data sets nmay be sequentially added in order to

increase the quantity_ of data transmtted to the downhole instrunmentation
or mechani sﬁ{‘%?‘?ﬂlﬁrﬁgﬁ@cg@‘%\k@e appatagts ap meghoskaf dhe prgsenhinventisndd sini | ar
to Figure 3 i . j j | t apt
rotating sp'gben \p/’f1 Eﬁﬂ%ﬁ?eﬁ% S#ﬁ%??ﬁ%&ﬂPﬁ%g?wg%c?g ?ﬁﬁg@eﬁ sgg(;ﬁla?done
vari abl e whBotillibe ddseribed ormers detad hewirdelosnal vel ocity which is related to
the frequency is maintained constant. Figure 3B shows a sinplification of
the transm ssion nethod described with relation to figure 3A. As in Figure

3A, four tifRe pREIPHHVeRich WiNQWW betickirthel YidBeferdhc & 1he oifowih ﬁorgfi Il string

rotates at Vroe, the logic neans of the drilling nenber are Tontigured to
read rot ati Bmiting preferrediembedimeptain whigh! i bri um st age where all | ogic
paraneters within the drill string are kept at their equilibriumvalues. In
period 2, the rotation of the drill string is stopped, the |ogic neans of

the drilli ngigmmtbshowearsghanasietof paeab®lifknt dfakc SoeamPiRentidn;t he drilling
direction of the drilling gsrrgnbg i s governed by the angul ar novenent of a
conponent  oF g4 FhaWs ngie st of rtypica aseslgraeter ouipHt Fi gure SB), then the

| ogi ¢ neans gﬂ)@g Lonpon f.or _the whol e
of period Zf%e?t e %rélpﬁfg??wﬁgé?@gﬁmoﬁi tiugédrltggﬁ%r g:gi, o%?‘h% ngﬁgii[“élgt of
period 3, tkhéthrorxenatotatioridpeedzonponent i s stopped. The novenent of the

conponent starts_again at the start of periaoqd 4. ( i.e. when the drill
string rot aﬂ%‘f?%%ﬁg’ﬁ?aﬂi@‘rq}}é@aﬂmWﬁww%mcbng as period 2. Therefore

‘the conponepfy, BPeshWaGHO brrithtidh {p6a APl RELL A% uRSRSE Lotra

between rotating at a fixed speed and zero rotation;

)




Hence the duration of the period of non-rotation is converted inz? t%‘{
angl e of rotation for conponent 112. 27 JAN 2004 WO 00/ 65198 1&{ JAN 2004
PCT/ GB00/ 01629 Figure 4A shows a cross section of a down hole tool which

may be used in accordance with an enbodi nent of the present invention. The

actual tBA%H3%n in figure 4A is a nodified version of PEHEBPHYER or' s own
prior art which is described :n relatich to figures 5A and 5B. The tool

oont ed wi e o BOHS pabed el S5:dflefiee M ESRERGEER G coupl e

about sai dth@ﬁﬁﬁelﬁﬁxﬁ&mﬁnﬁ. The inner sleeve 2 also has an eccentric bore
which is configured to accommpdate a rotating drill string nmenber 3 such
that said ifiaee 4B shevea srosusection efiacdnikingtophin agesrdsoedwith aupthert er housi ng 1

and aid dri I -agnet 4 is attached to said rotating
menber 3. Iﬁéboﬁgé%fgt%fl{ﬁgrﬁ?%é%?%ﬁﬁ?%ma pocket on said rotating nmenber 3, the

magnet nay Fi@mes DA aat Bashbed poivr &odnlliag kl. neans, for exanple, by adhesives.
Thi s specific enbodi mrent uses the nmagnet as an emtter. However, it will be
appreci ated by those skilled in the art that the nagnet could be replaced

by any typeg: il T ] t al,ns, iAstr nt
barrels 6. eﬁ‘ﬁ%e?%%% ﬁgﬁ{%ﬁ%g?p% S Ogirf}é&lpi)(r)f(;@?gteg& \;\Agrlvﬁgtgoéjnger%lnﬂ%tﬂgfemri ng
drilling of2lisecmectedbothe sirfack batibwe 23 yiadpititstring 25 %h@fea&bﬁﬁoﬁ@ﬂﬁilﬂﬁ, seeks
the I ow sid 31‘@ t he \#%I_I boﬁrff and the position of the outer housing remains
rel atively 1f S8H SEMeH iRt to the wel | 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 overconme the Earth's ambient field. The

fi el d shoul Surkdcs statien 2kis pno\gedevidumlatipn cowrmd ersat 29 Which tdgrolsttieict i on in
field strength. over, djstance..The flux lines 5 extend radially beyond the

i nst runent %&aﬂﬁgl(’?g’esdt@ﬁ%%t Bﬂggﬂgéo%zll HPhmPRLorngIpsan %Whﬁ%rrel 6 can
det ect. t he nbBhiedis tHeltoRfiot Hhedsill §tﬁﬂgg§1_gneti c field. It should also be noted
that the magnetic field strength should al so be cal cul ated gi ving due

consideration to the differences in magnetic field strength of the Earth at-

extreme Nor Fi@ﬁfe@/A %@s%?é‘%lnﬁ{t loyaJ{ %El%%%?er as th% dzilleé‘JNngzrggi'e]s. YJ\'Pa 91(1)1/g1§:5 198 13

rotation of the drill string, the accelerometer output changes from a zero point t0 Viay,
returning to zero, and passing though zero 10 point Vi, and then back to zero. The
output of the accelerometer is generaily sinusoidal with the magnitude of the maxim and
the minima being Vpax and Vi, respectively. The amplitude and form of the wave is
dependent on the attributes of the particular sensor being used and also the time it takes

to complete a single 360° revolution.

- In Figure 2A, the accelerometer 1s attached to the drill string. The starting point for the
single rotation is taken from where a test mass in the accelerometer is in a neutral

position.

Figure 2B shows an accelerometer output similar to figure 2A. Except, here, a number
of rotation cycles of the drill string are shown and also, the rotational speed of the drill
string is varied over time. The rotational speed of the drill string is generally measured

in rotations per minute or RPM.




PCT/ GB00/ 01629 When the nmagnet 4 is rotated such that it is closes f,o@q
sensors in the instrunent barrel 6, then a maximumin the nagnetic fieJ i280%
detected. When the magnet 4 is furthest formthe instrunment barrel 6, then

a m ni muny, magnetic field is detected. The filed d t he
sensors rrrwagﬂggeﬂgﬁ nusoidal if is possible ,to sense the raﬁ%ﬁgégoqwg’éneti C

field at all tinmes when the nenber 3 is S?otating. However, as it is only
necessary t orgRagsit of the Qcdelcesn@etGy fighre 2 dotve throf E@ﬂ'?,ﬁ! blneld:

adequate if the sensor is just confllggrur ed to det efcupqg{arram dsiohh}eﬁzm” eld
when the magiarg. i Ehegottpd werticablingstontthe figure srelimter the btart ehdiend ofbélsoyclehe sensor

just needs 't e ies of pulses where each pulse is equivalent to
one each rotlg?r?’oetﬁg%gycﬁszﬂﬁe%g&%’gcellﬁl"%mi PHEUE §t HENBUREY et Hawewn ihegat e

the ef fect ofillthappreisiedsharag@hiorticelabia WichlheR Bl HE AR dobfi ¢ swi tches.

These linmt switches may be enployed as a nmeans o ogic control wthin the
sensor array or wiwthin a logic control sub assenbly A second i nstrunent
barrel 6a i I ' |50 contain neti ¢ sensors._ The

provi si ons o tf\f\r/gt ’%g}r”:@f CIJ“sagﬁ or%d’:‘%iﬁf‘o cet ’écﬁ?q? Mpretetk therdpesdnfat i on of

the drill stmiaign bHtheerilcriag ¥ reliyted OVaTtht 8REnPS aInkil Afiddt ifude. The
sensor which isqglated wthin_the instrunent bd;t?yre'l ils glrnlgf%‘rﬂg&q@asi tuat ed

in a stainl g§50d PeEtationt: igachicrsd. Rerpste isdangey than pesedy ahérefore sisispeed/ essel

such that t j i .1 S, d,f t. he horehol e pressure. The

i nst runment a?ff cr)ar)ltgﬁgl? irillerq01 erirlgﬁlé)g%r%érieé%ghgﬁ ﬁ)ﬁb?é@gh{aﬁc cb?ﬂ‘ﬁa?lcg%fz gtedevi ce

or the Ii ke rtationspeed bf thy dtilietringgacbé Getédtal A thd dfhd ﬁ%uer&*aﬁng,g%él be

mat eri al betyween Bhe na%&%hl c sepnsor. in the instrunent barre an(J t he
EEE 1O

magnet 4 |o w8t the 4l stringieps b nsed ey irag theedrdlingl  shoul d,

as far as pagshidredoihoRBEoRE bghly transparent. In other words, the
magnetic field should pass through this material w thout becom ng defl ected

or distorted. Materials which exhibit these properties include austenic
stai nl ess stgel s.and ot her non-ferrou terial. 27 JAN 2004 WO 00/ 65198
T pCrs cooo/0RE g 8 OCG Ao TaLyeTofi o s Arilkragianes s s flegur e 4
In figure 4Botdien vefbity 6Tahekirill dirifd Tslchhged. ROAY HSfideﬁp s&ﬁ]gris JRAehs 4 -

S

arranged at 90 to one another. In the figure the nagne ar e-engedded

wi thin the dhe ertatiosakielosdy (wrleuiyalenthethaehencBof tdeatien)s indréasehoW d Tae not ed

that the ma e ed i.n eslLhner rotating wal| of the nenber
5 or o soprpEndishéld B0R FIRPRRE Beridl LI SRR SO 3 Rl ottt ratation
Further, t hefréquestysRianaydie wektoafantfefdALBSAIGMEAh NendHE drill Q0N nfiG error
-checki ng or aitog%r pé ogr apm ng advantages to thgmgr esent invention."Miltiple
magnets may Zi0Rs Y5ed ifsend ¢ signal ¢ psrwre thecdrillingpmembsr fof dathtarsfggn Thisf r om t he
rotating ne 1 BaP fradsPfic REmasd A rs..within a single data
set tine frarg?n%{a fg$ exsgr{rﬁ)l e, gédrgeﬁe%n@g#‘ilg%gnpe@s% %Slfalé?sﬁgueﬂﬁpﬁ e
magnets nay speads follew 8 aredetpmiined paytenr therhiy inteytidndy & @insRf Bath kdiGe AKIEHRMEN

of polarity._ln figure.4B, th nets 4 are grranged across the sane
section of tlﬂ%mPeﬁbuLllsétJF mI}%WgF%USﬁ 1 seh PATH phlarciasaraiercwdieh sigeingdgnet s
coul d be ar rrngmsmitied Wik HeiraPsle. IPHouROR ﬁfﬂ@ieggﬂ’.%?éeﬁo ﬁh%ﬁough

%o e devic qu a

not shown in either of figures 4A or 4B, the down ve
_ - 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.



anal ysis neans to anal yse the information sent along the drill string. If
the information which is sent along the drill string requires mechardi JAN 7304
novenent of a conponent of the drilling tool or nmenber, then drive neans

are required to nove the required conponent are instructed. For exanple,

the dri v¥i%h98 may nove a conponent either radially or PEXIGROPYIEREN t he
drilling tool. In addition to nechanicadlpd information, the drilling tool may
al so require instructions which are essentially electrottic in nature. For
exanple, information relating to the preferred rate of data transm ssion

may be sent Ld: i : : I eferred
enbodi nent ST@%Q‘%@S‘EQ@E%‘@? éfltt?é S })ﬁl@ gg%ﬂ%@%%@?ﬁﬁgﬁ@gf ?lg(rgde g

si gnal | i ng TeEaraiaiey ibtheeoptiayfeiuetdyatpreichfs en emdly idedi fidhlc@ifidatidPadft/ 65198
| $ PCT/ GB0O/ 0,16%9 confi %*aﬁl ons % He ysed and that ot her nodifications
may be madeVatics ROHD SR cAuERGy g Auration from twe&eéglé- dhedpetipn e ent

i nvention I I g:ﬁg@g! 7 JAN
2004 CLAI Ngﬁmg.ﬁyﬁdr?gg)?a&?%{}ﬁg@?%?agﬁgbﬁgéghgﬁﬁgt Firﬁgﬁé{g or prgﬁggtl%?l;)dgf roma
wel | bore, thmsheldpaheRyforcosepondtimgperiad @wnhol e nmenber capabl e of being

attached to a tubular, neans for rotating the tubular, control neans for
controlling the rotation of said tubular in order to transmt information

| | ne o : i . : d
Teang for dnfoih@tecol AR pefbs (eI SBOn LRnGSS Het@kdlh Tt ety 2"

means for decoding said informafion trans ong sai

decodi ng ne#]s Rottibhg frequency Raéstlewes tha thatfRniatdiBe Gimepepiad 44iptaarbef r om t he
rotation of said tubular, suych.th each conplete revolution of the tubular
i's equal to“ff SASFSRAIRNR S%ioﬁgrcfl“a%ca'fsﬁgﬁ)?%gg"f?%aﬁeﬁb%ﬁhﬁ‘ctffglsf?fn laim1
wher ei n t hejjwné {)éﬁddr[g]. N 23§ ais6 b usEBGE 8 preaftbld B @ rRsAid]; Bsta RBARSa dithilar
configured to detect a nmaxinma in the magnetic field of the nmagnet, so that
each anal ogmangst thihgaleia sgafapeped bil) @rdt magbovagd as o teaminating datel setediicha. 3. An

apparatus fgf, {6 Userflmdels'dridofiio BE Qflifi-Rh féAfBr2 ve! | bore, the

appar at us conﬁrl sing

Figure 3A shows that the present invention may be used to transmit codification which
is linear, progressive and discrete: each data set may be sequential and may be separated
from a the last data set by a period of zero or low frequency data. Each data set is
dependent on the speed or frequency of rotation of the drill string during a pre-

determined time period for its numeric value.

There are thus two data variables in each data set i.e. frequency and duration, which may

~ be controlled from the surface. To summarise, these two variables may be used in a
pumber if different ways in order to talk to the tool. The 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.



a downhol e nmenber capabl e of being attached to a tubular, neans foi

rotating the tubular, control neans for controlling the rotation o -TSM 2004
tubular in order to transmt information along said tubular, a sub-assenbly
adj acent_the tubular and neans for nonitoring the rotatjion of id tubul ar
rel ative¥V®8Y¢¥ sub- assenbly, and for ggcodi ng said i nf‘&%’?@@i ransmtted
al ong said tubular such that a magnitu of a paraneter can be determ ned
fromthe rof\atdoffy, Stbndfd fode¢Bivécfibn tebhnifits ARRMA bidistRECAE M Ry HR any
preceding claim wherein the control means is configured to gontrol t he

rot ational emplayed toyinaprove thegeaticyofdhe datreotitaibed faom each individpplatast ses Ao or di ng

to any precedin ai wherein t cant r.ol ans is configured to stop the
rotation of“um}?@g ?ftcf{ﬂﬁ sg},s BB egecg-}egg&yeaﬁﬁqt{fggrﬁ ﬁ%{“creaﬁégﬁ_ﬂéw&dﬁqEET 27
JAN 2004 6.1r:(8neB %tk 48 wakAQ dirMBeriRiot loR ¥t anispltey €1 n the nonitoring means

is configured to neasure the tine of non-rotation of the tubular. 7. An
apparatus according to either of clains 5 or 6, wherein the nonitoring

i of | the ti ] h bul ar |
Cont | nuous JEFEAREPAYS = BT Rt rofaFarbtsl et Spyhs it ey i MSSTaA b, ¢ ne
MoNi t Or i NY FRRNS sWichedbbivitdh 8 dordsBniRASME Spdeday,§, kA Y&t 16 Bilehe t ubul ar

is continuously rotating at a particular rotational speed. 9. An apparatus
accordi ng twordhyhese S ong venaieyvhichéy dirationtes thepniationd! yglopitawhich és

cppar ot e, deisp oy R A<B5eRy PhinBinel Bbfbark Fiefle BB Aot tm bsrcans

conpri ses ardxB@iision methodAs@ibpd mith welatdmao figur@A.0 any preceding claim
wherein the nonitoring nmeans conprises at |east one of a radioactive or
sonic source. 12. An apparatus according to any preceding claim wherein

t he nonitorj ; C y : 3G WAt : r -lgured to
det ect  al te‘éf‘%g'tq@gg\glghﬁiaﬁ?%ﬁ?%?ﬁdst %%'8%;231?? |6032%ﬁ§ i&lieq%gﬁtgﬁedr?g&frdgati on of
t he tubul arroiaied.at Xay, dpdagiameansaafahe dhilhge memberyarpcadpdiaddo edad ircmtiodhar ei n
said drill i}r)g mBrrber conB i.ses: a hol I? (ot atabl e ndr el ,Qavi ng a
concentric YeRyPEHaRnSHuEBRYM stage whagre g FrypelerspYthin b SHU T8GR sai d
mandr el , Sq'kegthr}ﬁﬁfefjﬂ%mgsﬂg an eccentric |ongitudinal bore of
sufficient dianeter to allow free relative notion between said mandrel and
said inner sleeve; an outer housing having an outer surface, said outer

housi ng i | | .Sai d | i i d
nousi g havinkgah Zee StRmcet B i it onBRE g M o Boe e '
adapt ed t 0 ReBERahCadd: parameter.t Re ekampls) ifithe Aillitpadivelibber Be aAminpavi ng

sufficient dianeter to allow flee relative notion between said Inner sleeve
and 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.



REPLACEMENT SHEET 18 a plurality of stabilizer shoes |ongitudinally. ,
attached to or forned integrally with said outer surface of sai d?oﬁtMN 2004
housi ng; drive neans for selectively rotating said inner eccentric sleeve
with res aid outer housing and | ogic neans for c rolling said
drive rregﬁgtogg%%% on the information trapnsmtted al ong sgﬁ@@cﬁbq"‘il 2%stri ng.
14. An apparatus for transmtting information in a tinmely manner fromthe
face of the Earth to a downhol e assenbly, whereby the rotation of the drill
string is used a alglpout ut device, conveying information to conponents

whi ch are | OBEF W%?egR%‘lSF%@P@fa@ﬁ@nh@smcgmh@mdmmacaoxdmdece whi ch
is closely =Y iLl.sStrhn r ,a. non:rotating sub
assenbl y; m@\?ﬂéﬁ%ﬁ%ﬂ}]b{i}%@ﬂé?ﬁtﬁgfﬂ%ﬁl{ﬂ# ‘}‘tb"z‘n?é‘% gftpglq%%;p?% urg S  hat t he
rotation of mddéfiedrietsiet ofitinginiventersant prick@itiviadieis AeBBSPH r@ﬁﬁ&?to"ﬂ;ﬁ& may be
integrated into either the drill string, or a non-rotating sub-assenbly
wth a tmﬁ&%g ce such that the sensor outputs derived fromthe rotation
of the drillstring system may be nmeasured agai nst a tine-based system such
t hat meani ngful encodi ng may be acconplished, which nay be coupled to an
act uati on orThgwgol coriprisesre otvanhawsingrl wittchascanmic bdb. AAnmPERERIVE accor di ng

to claim12 rejpn the emtte r devi ce influencing the environnent
conpri ses al%&vv%ﬁé‘f’h%ff Saédewﬁaﬁ@itﬁmgl?\ﬁ“é"é.hoﬂ%ﬂg his raiablyroupled ebart giidg t o
claim 12, whgfeebiBeve?e BRikcf leQe 18N j [ e. envi.r onpent
conpri ses a ms?cha_ni cal S\}\_Ii tchev\,ﬁj ch%:}%QS{]:tg‘gésiglﬁggog%%ﬁelsrCSP%WBCE%Of t he
drill stringeconymodate slorting dull stang avediben3 swhchatisaid ldher Woevesd dantrb@teeni t t er

or device infl.u i the environnent, ¢ ises at .| east one of a sonic or
r adi oact i ver‘g%thvr%ggwtﬁff@}aﬁ"%éh‘bwgo]f m’tdraéqowg'ﬁllli HOPR GeMPED-mat i on al ong a
tubul ar to a downhol e nenber | ocated within a well bore, the nethod

conprising the ste‘{i),s o rotatably driving said tubular, wherein the rotation
of said tubdiBprEnet &cﬂﬁ‘@?}tﬂdﬂ@émlwt%twom%mé. Whe magndt &y loadtedin agtickét ons t 0 be

transmtted = Sal uliar.; I IOk he rotation of said_tubular;
REPLACENENTS%h%%%’@hg‘&wgo{ﬁ&%aﬁg%qmﬁah’i allilsé)ri% ai‘?‘éﬁ&?’y SHIE et peansy for pe
rotation, sexmplbdly adhesivesoWpis epeeificentdodinand usts thd¥Badnebad A enhifiecqual to an -
anal ogue or klbl nary. (‘j‘%g EOI nt,; Bf‘r;lal ysi nﬂ_b'bhe nonitored rotation of said
tubul ar sucHOMFEES 4 gﬁ PRIERAMe Dyathpsrskivled dn thet thet thiemegnet pdd be om t he
rotation of Ic8d b i d of transmtting information along a
tubular to gé%dgvmh%?g@n%en%er 1fﬂ§l§§t@%s p'V\,ithi n a well bore, the method :

conprising the steps of rotatably driving said tubular, wherein the
rotation of i lar, is controlled in accQordance with information which
is to be trgﬁgf’n&fe{%o sz'a JWQH?QSMB\SP%%‘*,‘“}?&?ﬁ@r‘?ﬂ@m}eﬁébwseﬁ #8n of said
tubul ar rel pidvidedivithaschisihy AeaRMDuing GHRING WP aRSAIPboe 24hBRERY phifontafPul ar;

and

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.
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paraneter can be determned fromthe rotation of said tubular. 20. Zrhed 004
met hod of claim 18 wherein the rotation of said tubular is nonitored using

a magnet, and the step of determning a signal conprises detecting a nmaxim
in the nWGHe65188fi el d of the magnet, so that each anal o§GECHROUBIGHEry dat a
poi nt corresponds to a detected maxi ma.1321. A nethod according to any one

of clains 1, er el . nitoring the rotation of said
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“a period of fuibest fggmuthe Brstrument barrel fy thea e mipignunninthe megnesic distdfisdgtetted.any one
of cl ains t j fdri i he.tubul ar. conpri,ses the
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: Inevitably, there will be material between the magnetic sensor in the instrument barrel 6

and the magnet 4 located on the rotating member. This intervening material should, as
far as possible, be magnetically transparent. In other words, the magnetic field should
pass through this material without becoming deflected or distorted. Materials which

exhibit these properties include austenic stainless steels and other non-ferrous material.
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Although not shown in either of figures 4A or 4B, the downhole device will have
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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configurations my be used and that other modifications may be made without departing

from the spirit and scope of the present invention as defined by the appended claims.
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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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comprises:
a hollow rotatable mandrel having a concentﬂc 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 the low side of the wellbore

: and having sﬁfﬁ_cient diameter to allow free relative motion between said inner sleeve and



me. o L0, B e e (. &‘33’% ¥ é%aéﬁiiﬁ’ﬁmtw@ﬁ@a

10% & ()-'*' ((o(vU4 10% & () - l/8&() ic10% & ()- )&= 10% B-JAN 2004 |
&8 ()-y10' 10' 10" 6i 310% & () - o(((J)))’>*|[ vu4 3}10%& ()- 6 10% & ()- -
610% & ()-) 6,210% & ()- 6 10% & ()- 910% & ()- .In/100|[:-410- s6

10% & ()-= 4 plﬂlﬁ%y&bf( gtabilize3 shddd %ekgi(udinal 1) hGaeched (t() or ‘forﬂleﬂ!(iﬁ’eeg‘ally ~with6f

10% & A410- 910% & 10% & 10% & 0c10% &
Y\ 10%(?&418 "%“i%l"fm TRUESS anlﬁth())g 109% &(%) (g 10%&& ()C O
6510% & () - H#dAWass for selgctil’v‘%i;{9 f%tibhg@mhhﬂt%e&c&)n@éé%@%%ﬁ%@%wlo
10% & ()- c10% & () - 10" 6v.J 10% &
63+=1096 Qute) hquBimgrandi==>>| [ : vU410 p, 109%Z%&: ()- 6&10%& ()-* 10% & ()-*

 hatovsed [ - 1055t np ity ko YO CRERRIRA IR i el eI O

$S10% & Gion bﬁdaﬁﬁ/@&n% - | I 10% & ()- 10%& ()- 10%& ()- |
109 & ()- 1IFFF3GGG HsH [ :-410( , 10% & ()- , 109%& ()- 10%{&()
C10%M & ()- )MIO% & ()- '10% & ()- sHt HuHHHHI ~1 bA410( | 109%¢& (

. ) (%OO/SA)&&( § ha.. %‘8%’%’%%“3 f#q%%%ﬁp%% m&%&égﬁeﬁt@%@%é{ﬁ@ﬂﬂé@ﬂéoﬂéo( &g

| 109& ()EM&]Z NANIDY DT hssehbly, mefbe%:lr& 10)atioh 31 1He%ri¥ dting 1shsé(0%a?a ()-

v. C10% & ( 10980& () - 3+10% & () Oq% 7SbA410' pL10%n y& ()- . p3,
10%n' y&OF ubdqvacf@ gjn&g(n} orqay%yﬁ nents which are locatedmthe welibore,
'10%n'y |obU410 hv°/<100/<7&7& ()-10yn' y10yn' y1l0yn'y

S410°/Iyn ?g#fﬁ%pmw ﬁﬁw & 10%n' y& ()- pYf

10%n' y& () - XeeMze $hidh:ibteddy c@.}plecl’@%l‘r&bx(me dnilg;trih@/‘,oo&a(npn—rbtaﬂiﬁ%l&d ()-

10% & oL 109&' ) *avUu4lo0 9% I 1 9% &
caovn g | peserbBompioenice sgnalgr biSeren B AT ro ek Susoih e iarioy 0
TLO% & (15000 @l lo ARk Indm SN Sh Ao 1nte£9a?’édgmfc9 ciffcPdhe dril

10% & () - %ggghghzh{h| h} h| [ NA41010' 10' 10' 84109 V610% &
310% & ( piring]oos won¢iptating sobpgsermbly withatiming [dewm ohaaﬂm%e@qr&u@uxs

*kat mpofgyfed it olafoh b il Meen et gl sdliSifliBeineg ) o

10% 9%\ &sfstern Gudl%@n&a&iﬁgfﬂlmﬁédlﬁg)%a@b\e&cédmpltbhﬁdmwﬂﬁslbﬁé)l% @iplediol0% & () -
10% & ()- 10% & ()- Ld10% & ng

10%&& () 41 @ERpNonRIEMitchipgmp al}lfmmmct@l\lsras 10% & ()- 10% & ()- Cl0% & ()-
6:10% & ()- [10% & ()- 10% & ()- UVXXXXXXXVU410 109%&( && ()- 10%&(&& ()-
8&10%&( && () -=10"' 10" 10' 6Y.J 10% & ()- 6$10% & () - 4xx3z{|} R} | [: vU410

- VS10%&( &&5() An]apj)ﬁl%d%i&&c(r@lmg Yd c]hﬁﬁ’&@&@hc(rﬁ:m tHOSMB &R 0L JeviR IO BEn&RIg(the m

| 10%&( && &gl R ] rgobU410 &mL0%y /g é) 1089&108Y&108Y& V6ELOYRIRE () -
4@L0%&( &MY nmntﬁ“ PIREE &EM4BNEY OTEAGRTEE £8YIES - kwz 4567 | pdX710 |
[=.10%4+x& ()-6110yn’ leyn y1l0yn'y 6P100/fyn y& ()- L'10%n'y& () -

10%n' y& ()- c10%n' y& ()- |[:dX710 E\wed0%-)& ()-) 9] &10% & ()-7

9] &10% ) #6&" @mapp@]am@%@mgw clejng189wherpie the emte} aa@mce&nﬂyenmg[tha X710

- 3"10%&' * X#0! 10% & # |10(V & O(V &
301 109 &P TORGRER TR D ﬁwé”%@ WHNT B é@whe Roraton ot e’ ()

drill strlng

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

envn'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 controlled in
accordance w1th information which is to be transnntted along said tubular

monitoring the rotation of said tubular;



F(10% +& ()- G T& =. 1098&M 88& 10+10+10+ BSHI0W&! ()
- l)-(— 10@5 sgez)() X + 10% & () - \&(()? 10% & ()-*T i!10% & E) ééﬂb@%é&ﬁ §HEET
10% & ()- (RSTY QUAI0 10% & ()-  109% ()- H10% & ()-10i & 10i

. 10% & & ()- .= 109%&x& ()- Q| [:vU410 . '10% & ()- @i!10%

o 8" B 200y

$i110% & ()- 1ST#10% & ()- STHI0WP-& ()- 10% & ()-' PQRSpvUAL0 i 10%8*3& () -

10% & () - 101 | d@eindifing acdi dhmdididatiss 6§ the r&ﬁm@kp%ﬁﬁf’/ﬁ&ht e&8h (omPlete

=94 0% & ' UB0* 3& 9B+3&' () -
o1, _10va(ovglpn b iclibidgoig el gn oo 1?%% o dpsouALD
= 10% -1 & () - D3inoddiBrd dtatidn SPIRY F | &, % t@ﬁéﬁ%ﬁé‘g%éj ‘a

3+5$10%-& ()- VS 10A) & () -] obUato = 10% 103) *
i 7" 1098] p@&neter tm@r@@ﬁ%@&@frc@m@oxm&mﬁm&t@m% 10%pé& () -

"Headi ng 13]c¢" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Headi ng 63]c" "Heading 73]c" "Heading 83]c" "Heading 93] c"A "Default

Par agr apm Fontlmﬁodﬁﬁrrﬁ@hﬁﬂlh%m}&a%%wﬁ ARBREOWS downhble member
Hk' Gg5Q (: SwS! 5" #' o( ?* 005} 8>
RonmanAr i Bicaisd within el hore e mvihed vempiixieg e steps of:

1FsH~I MoO7 S $"*a%g}h kpsuxR} k™ 1( Q6Ti mes New

e Eober AR RARRERR G ez wherein e oo fgeid SBUIAS i Fomizged

accordance with information which is to be transmitted along said tubular;

monitoring the rotation of said tubular relative to a sub-assembly, the sub-

assembly adjacent the tubulér; and _
analysing the monitored rotation of said tubular such that a magnitude of a

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

20. Themethod of claim 18 wherein the rotation of said tubular is monitored using a

magnet, and the step of determining a signal comprises detecting a maxima in the

magnetic field of the magnet, so that each analogue or binary data point correéponds toa

detected maxima.

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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20
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. | |



