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Steerable Drilling System This invention relates to a

steerable drilling systemfor use in the formation of
whoreksd7’es for exanple for suEsBequent use i n tPET/US2008/086987

extraction of hydrocarbons. 2399121 describes a

steerable drilling systemin which a bottom hole

assenbl y i ncor por at extegrablgiydling ysieinyer sal j oi nt

| ocat ed between an upper section and a steering

section thereof. A downhole notor is located in the

upper section and drives a drill bit carried by the

st eeThifIneatibh edlatbOfo k @te@fdb%drﬂﬁn@ @f/dt@fﬁ of uf¥ Wt 8 Sordiaion of
provi ded on the upper section, the pistons being

bRREIIADIE e fn Qrfar%b gﬁelﬁ'ﬁ% R tﬂ{i‘ eitlrlaacfu@ﬁ b nfrold¥ons.

steering se I on re tive to that of the upper
section. It is an object of the invention to provide a
st eerabl e driIIing system of this general type and

whi ch i i mpl e and conveni ent form Accordjng
t he gﬁei 12? ARSI SHEFIS &rifgy s yiean amsrf@ehaaorb@ttom hole

drilling systemconprising a bottom hole assenbly
asserablydinergpamates petival @ uniyarsahigim lecatesk hatgeeneat wpper section and
swivel permtting adjustnment of the orientation of an
a sgersngodectibrethste@ér Andpvarthold motor & Btated it hetuppér wttidrhand drives
upper section, a downhol e notor operative to drive the

a 8Hi@8lt |c@191€§%§/tth@§ieérﬁfg JebtiH foP Foth®d At A V& ids @ pReordRBEprovided on
section, and a plurality of actuators operable to

th§ qg)ﬁ)&o lsecttlta 0ha¢ 'bgfﬁfgo%%e'renﬁ e &1y ugﬁ‘ tl{ehgng% %?rt#]@gms of the

1 on re tIV tot eupprsectlon

steering section relative to that of the upper section.

It is an object of the invention to provide a steerable drilling system of this

general type and which is of simple and convenient form.

According to the present invention there is provided a steerable drilling system
comprising a bottom hole assembly including an upper section and a steering section, a
swivel permitting adjustment of the orientation of an axis of the steering section relative
to that of the upper section, a downhole motor operative to drive the steering section for
rotation relative to the upper section, and a plurality of actuators operable to control the
orientation of the axis of the steering section relative to that of the upper section, the
actuators being mounted upon one of the steering section and the upper section, and

arranged to act against the other of the steering section and the upper section.
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actuators bei ng nounted upon one of the steering

section and the upper section, and arranged to act
W@ywpMagts3 he ot her of the st efr i ng section andP@TBS2008/086987

upper section. A high speed sfiding contact may be

formed between the actuators and the said other of the

st eefiigh speed sbdingfcontaet mppbe fayamedibshveenrbe pstyrospwddhe said

sliding contact may form a hydrodynanm c beari ng,
othérerfelnystearoigdeatgpnedabssppee sewtian. of t he actuators

and/ or surfaces contacted thereby. The actuators

preferably conprise pistons, for exanple arranged to

be driven using drilling fluid or nmud. Fluid may be

SUpPpPTjE ﬂig&lh §faed r&liﬁﬂ% 9(%{55& n1§1a§ %o I%'FAL ggﬂ{gﬁyéaﬁﬁc GRALACT thereby

bet ween tthe pistons "and the sai e steering

section and the er . section. Alternatively, a
= PEiHg RiyeBass VRE AMSisyBih e dlay stk Sl heheen
the actuators and the said other of the steering
section and the upper section. A conpliant materi al
may be incorporated into the bearing arrangenent to
ac c ohip akivaiorsngyafesablynsompeiset pisfons.hior skemplengyranged itode driven
relative to the upper section about the sw vel. The
usiipnitilbihg flmd or mudy Rhaldensy beangelied tHroughsthe pistorsxanpbréate the
it may conprise a drilling fluid or nud powered notor,

cotdctbBIWIRN tRE pRforR! 8@t th Galdl ¥thBOWE fRAst BRI secti®¥€ and the upper
invention will further be described, by way of

seffanmpl e, with reference to the acconpanying draw ngs,
I'n" wWhi ch:

Alternatively, a rolling bearing arrangement may be provided between the
actuators and the said other of the steering section and the upper section. A compliant
material may be incorporated into the bearing arrangement to accommodate angular

movement of the steering section relative to the upper section about the swivel.

The downhole motor may take a range of forms. For example it may comprise a

drilling fluid or mud powered motor, a turbine, or an electrically powered motor.

The invention will further be described, by way of example, with reference to

the accompanying drawings, in which:

Figure 1 illustrates a drilling rig incorporating a steerable drilling system

according to one embodiment of the invention;
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Figure 1 illustrates a drilling rig incorporating a

steerable drilling system according to one enbodi nent
wW@toovkgs7shvent i on; Figure 2 i S;a vi ew i || ustr atPCyUS068/086987
steerable drilling systemof Figure 1; and Figures 3

to 5 illustrate alternative arrangenents. The drillin
ri g Figpigst s arvéqy illsEpigig e stegighisrdrabing sysepm pf Figpie) Ingn
10 supported within a wellbore 12 by a surface | ocated
arrangenment 14. The drill string 10 carries a series
of stabilisers 16 and ot her conponents, and at its

| owey %@1@@ 3it8 5GiAHRES B@riabivaadaiiépRalst S a bottom hol e
assenbly 18. The surface |ocated arrangenent 14 is

arranged to rotate the drill string 10 and the
conmponents secured thereto, and is also arranged to

sup ridling.fluid 20 al ong,the drill stri 10 to

conp bifatiline 28 0 assin o Fiet e bbbt L ey rGpporiea

18 is illustrated ipn greater detail in Figure 2 an ,
Wiy Velora b2 By geruriagc tacaigd apangept dt e dihf ﬁ@lﬁs%re@g g‘h carries a

24. A universal joint 26 connects the steering section
sepigs pbstabidisarp dérand exther gampanehend i vedeedr gndiipcod@cted to and

allows the orientation of the steering section 24 to
suppoiadj bstt@d hd leravsegiiblan8 aMpb euidicedbcat@batansémentr el iatirvgged to

to the upper section 22. The upper section 22 houses a

rofRVRRO4 Q11 RBIRN 1(( RS tRhQMPonedid QedMEP thei@®Y, ARKR Asd aRgfed to
of forms. For exanple it may conprise a drilling flui

S“Eé%%*ﬂ%ﬁ’%oﬂ?%‘?@ ai&irggttﬁle dﬂuf%H%r%i %o c8ﬁlp|8‘f£en?4 fRE4tkd G8Whole.

or o e notor connected to an
out put shaft 28 which extends through and is rotatable
relative

The bottom hole assembly 18 is illustrated in greater detail in Figure 2 and
comprises an upper section 22 and a steering section 24. A universal joint 26 connects
the steering section 24 to the upper section 22. The universal joint 26 allows the
orientation of the steering section 24 to be adjusted through an angle of at least +/-2°
relative to the upper section 22. The upper section 22 houses a downhole motor (not
shown). The motor may take a range of forms. For example it may comprise a drilling
fluid or mud powered motor, a turbine, or an electrically powered motor. A rotor of the
motor is connected to an output shaft 28 which extends through and is rotatable relative
to the upper section 22, the shaft 28 applying rotary drive from the downhole motor
through the universal joint 26 to the steering section 24. A drill bit 30 is connected to
the steering section 24. It will be appreciated that the operation of the downhole motor

results in the drill bit 30 being driven for rotation relative to the upper section 22.
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to the upper section 22, the shaft 28 applying rotary
drive fromthe downhol e notor through the universa
WO 200008263 t 0 t he steering secfion 24. A drill BUT/USDO$/686987
connected to the steering seCtion 24. It will be
appreci ated that the operation of the downhol e notor
r esulntuse; the mpBergestion %f ts gourp@ihgediillgrng &P sp @t & bomovable
relative to the upper section 22.1n use, the upper
theieetithoil'i2opesateacafrtbel dtibinghsystdmi islsush thang wdglgeorakit {aading is
be novabl e therewith. The operation of the drilling

app¥isd &M the dBUICHrihHad ta ik sediohi 12, kikadtiRgt-bs banpidied being
via the drill string 10 to the upper section 22, the

R \QF i ﬁnlb&gﬂ g Beld@e Gl Hﬁ%léch@g 2Yiafld hBRe Jo the drill bit

uni versal ] ol nt to the steerl section 24 an
t.h 3 t
aTirrBetedfitidy aar.eﬁ% PROOTHERT SRR ol e Faiprghor e
of th Il _bit 30 d to th t ft
bl i) St iBF st e 5 GO, BPYBrTgreHe L regton of he

string 10 resulting in the bit 30 gougi ng, scraping or
drgt beingi l§aresudtimny imie rbatt ) garging senaping of etheawisomeBoving material
whi ch the borehole 12 is being formed, thus extending
fromehé engidiioaf32 mewbehaholberehdle KR pl biad ifdrynedf thus extending the
actuators 34 are nounted upon the upper section 22,
lehfi8 cReleUrt&o% B4 bei ng arranged to engage with part of
the steering section 24 and being operable to contro
the position or orientation of the axis of the
steering section 24 relative to that of the upper

t ted t hat
ot uhrtty prapBaigs 3F s B WA Braf sz die setuators
section 22 which is rotatable with the drill string

34 being aanged to engage with part of the steering section 24 and being operable to
control the position or orientation of the axis of the steering section 24 relative to that of
the upper section 22. It will be appreciated that as the actuators 34 are mounted upon
the part of the upper section 22 which is rotatable with the drill string 10, and the
actuators 34 bear against a part of the steering section 24 which is driven by the
operation of the downhole motor, there will be a high speed sliding contact between the
actuators 34 and the steering section 24, in use. The high speed sliding contact results
in the formation of a hydrodynamic bearing which serves to minimise wear of the

actuators 34 and associated part of the steering section 24.

The actuators 34 take the form of a series of pistons which are supplied with
fluid under pressure, in use, along supply lines 36 provided in the upper section 22. The

supply of fluid along the supply lines 36 is conveniently controlled using, for example,
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actuators 34 bear against a part of the steering
section 24 which is driven by the operation of the
wa@lomnlgd7es notor, there will bg a high speed s|PCi/hgR008/086987
contact between the actuators 34 and the steering
section 24, in use. The high speed sliding contact
a yosayy|vakyejod atsgEes ofr biwtabimacsiater Yajeps odyelamiar bp degatadgeither above
whi ch serves to mninmse wear of the actuators 34 and
ords$orc thetdedvnpaletmatbr.t he steering section 24. The
actuators 34 take the formof a series of pistons
which are supplied with fluid under pressure, in use,
al ong supply lines 36 provided in the upper section
22. Xﬂfr‘o pl@(;tyﬂlggtrzft%cf,”tge Eblo_@cglgl fl(?@ a%&é%%% 18 385 itBrpctate flow
conveniently controlled using, tor exanple,a rotar
val ve or a.series..of bi.mstable actuator .valve ich
piff s R ERY Brume MU SOER FoBB S RrPYar Bt i B R hssembiy
notor. Al though not illuystrated, the bottom hol e ,
18ag°st3ﬁﬂrly bitghiol e Jehiugep oAt HOW| Riragas QagfeZire A¢fgncd therein. For
whereby drilling fluid can be supplied through the
exgoploininoney be selmbyad U8 supplying tlir flpid Ppng 3@aswepdormed in the
delivered fromfl ow passages or nozzles forned
shiafte?8ed nal. thfeaizh ex@axibhle pigehwbichpysdoe tlactigleshe dinbyersal joint 26 to the
supplying the fluid along a passage fornmed in the

st&dilotseddrang Tl{éfd}ilﬁﬁ% Aufd @<upplRdricPRs ¥hivath AAFS@tion material
t hrough the universal joint to the steering section

av%aérr fﬁg@ﬁhgaﬂih Ihit 9 fﬂé&irﬂhr&?ﬂ&iﬂ%h ié:ﬁgrplﬁﬁﬂ{ﬁt??&ig%"(@?ﬁxg%%k along

rmation nmaterial away Tromt |
S Pairgo R BUECHEREnDS EBH PEREA AL BF HRanh drvuhef the
the drill string 10 and the wall of the

borehole 12 to the surface or another suitable location, thereby carrying the cut material

away from the drill bit 30.

Steering may be achieved using a couple of different techniques, as described in
GB 2399121. In one technique, the actuators 34 are controlled so as to keep the tool
face of the drill bit 30 in a desired orientation, or pointing is a desired direction, whilst
the motor is operated to drive the drill bit 30 for rotation and a weight on bit loading is
applied as described hereinbefore. As, during this operation, the drill string 10 may be
rotating continuously or intermittently, it will be appreciated that the actuators 34 may
require continuous or periodic adjustment to ensure that the steering section 24 is held
in the desired orientation. Where a relatively straight section of borehole is required,
the actuators 34 may be operated to hold the steering section 24 and the upper section

22 substantially coaxially with one another. However, even in this mode of operation it
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borehole 12 to the surface or another suitable
| ocation, thereby carrying the cut material away from

W@ b@9dsi7sd bit 30. Steering nmpy be achi eved usPEyUusR008/086987
couple of different techniques, as described in GB

0 2399121. In one technique, the actuators 34 are .

is dikabyr Rt @ sseiomsott kprphedy farmedtveid deviee from bajeg diuly straight, for
bit 30 in a desired orientation, or pointing is a

exdewpla dae thi theadrilbbit 3@hmbdehg tthreughiayersi of differeat gghes of formation

drive the drill bit 30 for rotation and a wei ght on
mbetiall 0adi ng i s applied as descri bed herei nbefore. As,
during this operation, the drill string 10 may be

rotating continuously or intermttently, it will be
appreci ated that the actuators 34 may require

g? gte ? ﬁvgtﬂzdéég %Jir eré'gl??gésgde?cd b(%a }irﬂ%ﬁ%@%&?ﬂ%ﬁ%ﬁistepsa&la% {)]ee mounted
orientation. Were a relatively straight section of .
URPGr A RStosIated Wity thierup@er 19RHOR ARG GF SteUNGEFlipe: tg‘fo gpetienyof the
to hold the steering section 24 and the upper section
staplisenp detarmingigl yo comg icaleny the typeomé stasointdechniqupentaeh can be
even in this node of operation itDis likely that the
usséc Wiene ottabidisahio psvidedramdthawsteéritbesecad e if moybdicagd above, on
truly straight, for exanple due to the drill bit 30

o BRMEAE tHNbOHBRA Jf AedehtrO bt BefunBleiat jolitpes of formation
material. As with the arrangenents described in GB

2399121, stabilisers may be nounted upon or associ ated
Wi th the upper section and/or the steering section,

the chl)glle tsé:r?sgrso(fno‘g Hl%wn) may be provided to allow sensing of the angle of the
steering section 24 relative to the upper section 22, and thereby permit measurements to
be taken of the direction in which the bit is pointed. This information may be used in a
teedback loop, controlling the operation of the drilling system. The angle sensors could
be of inductive form, for example comprising coils mounted upon the steering section

24 and non-co-planar sensors located on the upper section 24, or vice versa.

A cable or wire may extend along the length of the rotor and shaft 28 to allow
electrical connection to, for example, sensors located on the drill bit 30. Slip rings or
inductive couplings may be provided to permit connections to be made to the cable or
wire. The cable or wire may be used to energise the sensors and/or transmit signals

therefrom.
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stabilisers determning, to sonme extent, the types of
steering techni que which can be used. Were a

we2@bosi7ser i s provided on the steering secti oPCT/US200%486987
be | ocated above, on or beneath the l|ocation of the
centre of the universal joint e sensors (not
ShowhFIeHs) e apmoRAera TR aIeH WIS Braiteg ToFe RO rignes use of
of the steering section 24 relative to the upper

actetdrs o @2theafodmt dfepistoys peramddt abreasthe emeret sl j@nb@6, it may be
taken of the direction in which the bit is pointed.

pokRibf foNfoe4taBbe Norr@Y obheUraftdrh 38 HeRRABRC KoditkiPof the universal
controlling the operation of the drilling system The

jofHi %6ea1§§&58rcﬁff€1%ﬂ isbRicQf frbRdHE tdnY\%rJa‘P H&ht ber ]%%@ﬁg%é?mg the
conpr|3|ng col I's nounted upon the steering sectlon
0 nar ,sensors Ioc ted on u r .on
pSRorg 2 iE aByBPEL3% A8 oD PP i Oy B ARG miERG fteasea
the | ength of the rotor and shaft 28 to all ow
WERQIE UPREEPSap e iBh thegliameger %Qéﬁﬁ@t@m seligoreanhly it ed
on the drill bit 30. Slip rings or inductive couplings
may be provided to pernmit connections to be nade to
the cable or wire. The cable or wire may be used to
ener iy sethehembedis@ng rathel/ han ihcans thetactiagialB4 upon the part of the
t herefrom Al t hough the arrangenent illustrated and

uphRs GEdtRADNEhRINE 8RB IR She! AeiT10dtriAE i DatHer & tidork B4 may be
the form of pistons |ocated above the universal joint

m6&nted {1 g%?&gﬂﬁ% §éck9 off 249 le EgtgﬁbEQHﬁ‘e&fth ahk 04 %F&?%]gearing

actuat e position o uni versa
d/or @% dlfferenhadistances fromthe universa

og RS OB ek G g 1 i

Figure 3 illustrates a modification in which the actuators 34 are in the form of
pistons and provide flow passages 40 whereby a quantity of the fluid used to control the
operation of the actuators 34 is supplied to the points of contact with the steering section
24, thereby lubricating the high speed sliding contact therebetween and enhancing the

hydrodynamic bearing effect.

Figure 4 illustrates a variant in which the high speed sliding bearing is replaced
by a roller bearing 42 including an inner race 44 carried by the actuators 34, and an
outer race 46 mounted upon the steering section 24. A compliant material element 48
may also be incorporated in the bearing 42 to accommodate the angular movement of

the steering section 24 about the universal joint 26.
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positions of the actuators 34, the nunber of actuators
34 provided may be increased w thout unnecessarily
WO ppesssng the di aneter of the bottom hol e asPE&rniib2008/086987
18. In another enbodi nent, rather than nount the
actuators 34 upon the part of the upper section 22
whi chi gashodtthe amprgepients daseribpd; hareigbefpygg rather thiye use pistons as
actuators 34 may be nounted upon the steering section
th2 4ctuetolpe34, dtaal eibdve atrivereewntsth0 ¢dudd be tisedtasrsho84 ib&@uiran. The
agai nst parts of the upper section 22 in use. Figure 3
artdnlbiSb @ 56Seadh iRbidel £8Erb@M5 ForamIe bythoaat uader & Sfbagement
are in the formof pistons and provide fl ow passages

wﬂfﬂ a‘MHFd'aQQY sl e\%u%"tSIi,u,IhythQ'EC o_éé}gtidcd b‘f gle%ﬁt?re g@tegféiﬂgge er rétﬂl%ts the

operation of the actuators 34 is supp

Qi pt s,0 ont.act wi.th the.steering section .24 .

sef P s f oo e et R SR &l HEeBit wepinberore.
t her ebet ween and enhanci ng the hydrodynam c bearing
effect. Figure 4 illustrates a variant in which the
hi gh speed sliding bearing is replaced by a roller
bear Algough thaeseuefilpag serew anmengemeots 14 dikelxrte haxk dbylowheresponse
actuators 34, and an outer race 46 nounted upon the

spet@ éfah nchysleailicaly @dvenArcopphé@nivheratresinad @l geaipped8eeve and
may al so be incorporated in the bearing 42 to

usR8 GOMRERERNEHE wAlGUha hp PRV REBN o thbs 18y SbRS), kOresponse speed
section 24 about the universal joint 26.0 In each of

m%i' Be %&Jq{%@&e RN (A6RF el REEMIREEARE sectiBh BEEnhAAN could be

e plstons as

very low. Such an arrangement may be particularly beneficial in high temperature

applications.

Another possibility involves using hydraulic oil to move actuator pistons, the oil

being supplied by, for example, a low power pump.

In all of the arrangements described hereinbefore it will be appreciated that, by
locating the actuators on the upper sleeve, they only need to be actuated in normal use
in time with the rotation of the upper sleeve rather than at bit speed, thus considerable

power savings can be made.

It will be appreciated that a wide range of modifications and alterations may be
made to the arrangement described hereinbefore without departing from the scope of the

invention.
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the actuators 34, l|lead screw arrangenents 50 coul d be
used as shown in Figure 5. The arrangenents 50 each

WO pbogkesa screw 52 rotatabl e,by a notor 54 aneCT/HS2008/086987
engagenent with a threaded sfeeve 56 such that
operation of the notor 54 extends or retracts the
screw 52. Rol |l er bearings@AINMS di ng bearings may be
used as descri bed herei nbefore. Al though the use of
| ead screw arrangenents is likely to have a sl ower
response speed than a hydraulically driven

L.arr angeEsRiBle dANaTe sy B FhpBiRink Ne buifarhoR agmb@Nehcluding an
used in arrangenents in which the upper sleeve rotates

u}{pﬁsf Eédﬁoﬁ' Iaﬁ)dNL. Xﬁeﬁﬁges&ﬁé& ANfvel gt%g{gl}t:i%yg acﬁlgstlﬁgﬁq)lf@ﬂeeori&%ion of

e power use adj ust the ction

ori.ent.atiqn coul d.be ry .| qw. h an_arrangenent
arp S B P e b e o Ui Tghe e R S aIF & oM n R motor
appl i catjons, Another possibility involves using )
ORFFHPEUPIEIVEithe plgering, sechen gk EHAtinSTeRhye t e BPRET Beqtiog- and a
supplied by, for exanple, a | ow power punp. In all of
plordityaof anyeivenogerdels coi ¢satroh dlice privtgnmeof thenpxip diethe steering
appreci ated that, by locating the actuators on the
sedfiperelaive ey éhat by upprysetead theachatacbeiag etbuntedmpomahe of the
use in tinme with the rotation of the upper sleeve

stécdnB@bctiditdhdahe Bpfer SRARY, addbiin £ RSl kR Rt Qe MAYRRe other of the
savings can be nmade. It will be appreciated that a

stggrﬁjl% séaﬂﬁ%nafthyyﬁjef L&@bhons and alterations may be

2. A system according to Claim 1, wherein a high speed sliding contact is formed

between the actuators and the said other of the steering section and the upper section.

3. A system according to Claim 1, wherein a roller bearing arrangement is
provided between the actuators and the said other of the steering section and the upper

section.

4. A system according to Claim 3, wherein the roller bearing arrangement

incorporates a compliant material element.

5. A system according to any of Claims 1 to 4, wherein the actuators comprise

pistons.
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made to the arrangenent descri bed herei nbefore w thout
departing fromthe scope of the invention. CLAIMS 1. A
wae@ensdsse drilling system ccigpri sing a bott onP¢IDUL2008/086987
assenbly including an upper section and a steering
section, a swvel permtting adjustnment of the
6.or i eftsytteBRcetrding takilamsy. whseein thearistors dedioe iflow passages.
relative to that of the upper section, a downhol e
notor operative to drive the steering section for
rotation relative to the upper section, and a

7.p! ur alsiyttymofccaintedoihny IRELRAM Btd 9, WKt ahe bétGators include lead
orientation of the axis of the steerlng section

m:§$g&5é%nkgmthat of the upper section, the actuators
el ng unt ed upon one of the steering section and the

upper section, and being arranged to act against the
ot her of the steering section and the upper section.
2 A's sten1accord|ng m1l, wherein a hi h speed
85l dérﬁgsteah%%ef R ﬂl’ieﬁrﬁéf‘éiﬁl& flaiat, purgh dheeuaiors are
the said other of the steering section and the upper

aligmed ath.ong angthera taeprmueciotistiangy fram Gieaiwivdl, wherein a
roll er bearing arrangenent is provided between the
actuators and the said other of the steering section
and the upper section. 4. A systemaccording to O aim

9.3, V\N%Pﬁbﬁi dcB&rdiie! th @by Bealdifg 1ab 72 RUSRRNhe aBGHPOLR QS ted at
a conpliant material elenent.

two or more distances from the swivel.

10. A system according to any of Claims 1 to 7, wherein at least one actuator is
located to one side of the swivel and at least one actuator is located to the other side of

the actuator.

11. A system according to any of the preceding claims, wherein the swivel is

adapted to permit the transmission of a weight on bit loading to the steering section.

12. A system according to any of the preceding claims, further comprising a flexible
pipe arranged to permit the supply of fluid through the universal joint to the steering

section.



5. A systemaccording to any of Clains 1 to 4, wherein
the actuators conprise pistons.6. A system accordi ng
W@ 2000088783 5, wherei n the pi st qns define flow pBCHHSES/086987
7. A systemaccording to anf'of Clainms 1 to 4, wherein
the actuators include_ | ead screw arrangenents. 8. A
135y st Aniysl€Boprefiordng ¢o &Aginpp Qﬂw@lagne@e@rtgg eqrapiigng valve means
wherein the actuators are aligned with one anot her at
argangedrivocondiokthangeply oo flutdie timonedtors9. A system
according to any of Clains 1 to 7, wherein the
actuators are |located at two or nore distances from
the swivel. 10. A system according to any of Clains 1
14,0 A s\%}@ﬁedc@o@ﬁn ©a8hiR 18, FALUAL AL Vlaﬁ/elrﬂé:a‘rﬁg ?sdloEQte&’ Rfove the
side of the swiv and at '1east one actuator Is
|ocated to the other side of the actuator. 11. A

> m@V@ten1according to any of the preceding clains,
wherein the swivel is adapted to permt the
transm ssion of a weight on bit [oading to the
steering section. 12. A sgsten1according to any of the
Ipr ecAdistgmaicapnding tourlnined 3 cwhgreinstha yakye fonears il locgpgbelow the
arranged to permt the supply of fluid through the
motorversal joint to the steering section.13. A system
according to Caim5 or Aaim6, further conprising
val ve neans arranged to control the supply of fluid to
t he actuators.
10 16. A system according to Claim 13, wherein the valve means comprises a rotary
valve.
17. A system according to Claim 13, wherein the valve means comprises at least one
bistable valve.
15

18. A system according to any of the preceding claims, wherein the motor comprises

one of a mud motor, a turbine and an electrically powered motor.

19. A system according to any of the preceding claims, further comprising an angle

20 sensor operable to sense the angle of the steering section relative to the upper section.

20. A system according to Claim 19, wherein the angle sensor is of inductive form.



14. A system according to Caim13, wherein the valve

nmeans is | ocated above the notor. 15. A system
W@ewonsi7eyy to Claim 13, wher elizn t he val ve nmeanBCT/ES2008/086987

| ocat ed bel ow the notor. 16.“A system according to

Claim 13, wherein the valve nmeans conprises a rotary
2lal vA. syptem Acegrdingnioa@nradi thg piscading wlaims, {eicei gomptising a

val ve neans conprises at | east one bistable val ve. 18.
st#biBses enmeedeortbie stgering seotyorof t he precedi ng cl ai ns,

wherein the notor conprises one of a nud notor, a

turbine and an electrically powered notor. 19. A

system according to any of the preceding clains,
2j.ur tReg lsféeﬂﬂ?&o?ﬁfﬂ t%naff}ﬂ gk Qhé??éc%&in F&Eiﬂﬁ, Efulttf?erﬁ&ﬂﬁfrising an

t he an the Steeri'ng section relative to the

upper, sectiaon. 20. system according to Claim19,
dﬁ%ﬁ?ﬂFﬂmﬁﬁgngﬁﬁ?gmggmgéghﬁ?sgémphductive form21. A
system according to any of the preceding clains,
further conprising a stabiliser nounted on the
steering section. 22. A systemaccording to any of the

precedi ng clainms, further conprising an electrica
conduct or extendi ng through the system



