DI RECTI ONAL DRI LLI NG SYSTEM Thi s invention relates to
a directional drilling systemfor use in the formation

we@bobaoahol es, for exanple for subsequent use PET/AB2B08/003949

extraction of hydrocarbons. A nunber of directiona
drilling systens are known. For exanmple it is known to
provide a drilling systemwith a bias unit operable to
apply a laterally directed force to a drill bit
thereof to urge the drill bit towards a position in
which it is of fsepdg@mong BriILIRG $ereaer ehol e so
that continued operation of the drilling system
results in a deviation being formed in the borehol e.
Anot her form of steerable drilling systemincorporates
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direction i cont'i nued operation o iTling
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arrangenent in which a pilot bit is |ocated ahead of a

el Bl of Hll‘%efc%br'la?tdr@h}g Dl ”@gﬂév‘éﬁ 4RO 2, SPREL &8lwn 1o
bear'ng to alfow it to-be pornted in a desirt

syrats  TRE bR EN BEOh T R b RTRAOTR ey Bl 1% o
di Jﬂ?lclatiti t Qr%lof tgI ruirgleltf.lengﬁlf i% Eo%vrerllrd%fa progiltigrtl ilnvvstlliXh it is offset from the axis
of the borehole so that continued operation of the drilling system results in a deviation
being formed in the borehole. Another form of steerable drilling system incorporates a
bent housing or sub, the orientation of which can be adjusted to control the direction in

which the associated drill bit is pointed so as to control the direction in which continued

operation of the drilling system extends the borehole.

WO03/008754 describes an arrangement in which a pilot bit is located ahead of a main
bit, the pilot bit being mounted upon a spherical bearing to allow it to be pointed in a

desired direction and thereby achieve steering of the drilling system.

It is an object of the invention to provide a directional drilling system of relatively

simple and convenient form.

According to the invention there is provided a directional drilling system comprising a

main drill bit rotatable about a main bit axis, a pilot drill bit rotatable about a pilot bit



si mpl e and convenient form According to the invention
there is provided a directional drilling system

weowpnigirelg a main drill bit rotatable about aPCEIBROGH/X03949
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axis, a pilot drill bit rotatable about a pil ot
bitaxis substantially parallel to the main bit axis,
and adjustnent neans for adjusting the position of the
pilot bit axis relative to the nmain bit axis.
Preferably the main bit is provided with a plurality

ofaxWedbstiidfy BRI 83 HeGnaih Bit URE, andl ddfustnlt@e WRAds 16f adusting the
pil ot bore formed by the pilot bit to guide the main

bi dositibMotBE pil MBR Axik helhtive A8k nfich BiPaxgl. r ect the borehol e
in a chosen direction, the pilot bit axis is held in a

position in which it is offset fromthe main bit axis
in the chosen direction so as to forma pilot bore in
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strai ght borehole region, the position of the pil ot

bit axis is continually or substantially continually

d, so. that. Littl N |1y directed .
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i ef er abl .oféset.fr n1hhe in.ﬁ;t axis by a fjxed
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steering shaft which extends, generally coaxi al
as to form a [I;ll?ot Lore in that location. 5Sugsequent engagement o theX)vear pads with
the pilot bore result in lateral forces being applied to the main bit urging it in the chosen
direction. When it is desired to form a generally straight borehole region, the position

of the pilot bit axis is continually or substantially continually changed so that no or little

net laterally directed force is applied to the main bit.
The pilot bit axis is preferably offset from the main bit axis by a fixed distance.

The system conveniently incorporates a steering shaft which extends generally coaxially
with the main bit, a drive shaft of the pilot bit being supported for rotation by the

steering shaft, the drive shaft of the pilot bit being eccentric to the steering shaft.

The pilot bit is preferably arranged to be driven by the rotation of the main bit, for
example through a sun and planet type gear arrangement, the planet gears of which are

preferably carried by the steering shaft.



with the main bit, a drive shaft of the pilot bit
bei ng supported for rotation by the steering shaft,

wao b@odeidve shaft of the pilot bit bei ng eccentPCTIB2008/003949
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the steering shaft. The pilot bit is preferably
arranged to be driven by the rotation of the main bit,
for exanple through a sun and pl anet type gear
arrangenent, the planet gears3of which are preferably
carried by the steering shaft.A notor nay be provided

t 0r GRALY Alayt Be pARGHE AL BR%bT it adfuld hRstibeest M8 fhaht - shaft.
Alternatively, a brake nay be provided to control the

POt @Re19f 2 Briie rﬁé}ﬁ&rﬁré‘&deﬁh@ﬁéntroirﬁh@ pr‘Ncﬁ{Ef't&r&t&hﬁg shaft.
relates to a nmethod of drilling using a directional
drilling system as defined hereinbefore, the nethod
conprising the steps of using the pilot bit to forma
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The invention will further be described, by way of example, with reference to the

accompanying drawings, in which:

Figure 1 is a diagrammatic view illustrating a directional drilling system in accordance

with one embodiment of the invention;

Figure 2 is a diagrammatic view, to an enlarged scale, illustrating part of the drilling

system of Figure 1;

Figure 3 is a diagrammatic sectional view illustrating part of the gearbox arrangement

of the embodiment of Figure 2; and

Figure 4 is a view similar to Figure 2 illustrating an alternative embodiment.



Figure 2 is a diagrammtic view, to an enl arged scal e,
illustrating part of the drilling systemof Figure 1;

wor@anel43 i s a di agranmati c sectional view il |RCI/IBEDSAH3949
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part of the gearbox arrangenent of the enbodi ment of
Figure 2; and Figure 4 is a viewsimlar to Figure 2
illustrating an alternative enbodi nent. Referring
firstly to Figures 1 to 3 thegqe is illustrated a
drilling system being used in the formation of a

batehphefidly ol PiguBy $ & MR R iMS88ed a Afilllnk s$ddrh B&ind dsed in the
supported by a surface rig 14 and, at intervals along
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drill string 12 carries a bottom hole assenb _
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22. The "downhol e notor 20 may 't ake a range of forns.
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The control housing 22 contains a control arrangement (not shown) operable to control
the angular or rotary position of a steering shaft 28 which extends coaxially with the
main bit 24. At its free end, the steering shaft 28 is provided with an enlarged diameter
region 30 carrying bearings (not shown) which support a drive shaft 32 for rotation.
Thrust bearings are also provided to permit a weight on bit loading to be transmitted to
the drive shaft 32. The drive shaft 32 supports or is formed integrally with a pilot bit
34. The bearings are arranged such that the pilot bit axis 36 (the axis of rotation of the
pilot bit 34 and drive shaft 32) is eccentric to or offset from the main bit axis 26. The
offsetting of the axes 26, 36 is exaggerated in the drawings. It will be appreciated that
the angular position of the steering shaft 28 governs the direction in which the pilot bit
axis 36 is offset from the main bit axis 26, thus the steering shaft 28 constitutes an

adjustment means for adjusting the position of the pilot bit axis 36

As illustrated, the pilot bit 34 projects from an opening 38 formed in the main bit 24.

Around the opening 38 is provided a series of wear pads 40. In the arrangement



region 30 carrying bearings (not shown) which support
a drive shaft 32 for rotation. Thrust bearings are

wabk®o/1prowi ded to pernmit a weight on bit | oadi POI/IBR0GR2003949

transmtted to the drive shaft 32. The drive shaft 32
supports or is formed integrally with a pilot bit 34.
The bearings are arranged such that the pilot bit axis
36 (the axis of rotation of the pilot bit 34 and drive
shaft 32) is eccentric to or offset fromthe nmain bit

axiisstrdd, 6pefn 38t biNFarftetshRNIMPEM ROpilod Biti33, and the wear pads
exaggerated in the drawings. It will be appreciated
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governs the'direction in which the pilot bit axis
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shaft 28 constitutes an adj ustnent means for adj Usting

X R:Zrcﬁ%? Imgl{étr Qfﬁ&%‘t?agj? é@atl tcthke o@ﬁie%ﬂ?}@blfsszt it %SH?& rated,

from an openi ng ormed in

sthe main bit 24. Around the opening 38 is provided a

10

15

20

series of mear pads 40. In the arrangenentillustrated,
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de eﬂegg rg-sr%efq%élat?ftﬁll g&t .%4528 UEF%]; ereag?elllgz with th g enqalg C)blt 34 or

alternatively may comprise a separate component rigidly secured thereto. The teeth of
the ring gear formation 42 mate with the teeth of a series of planet gears 44 which are
rotatably mounted upon spider 46 supported by or forming part of the steering shaft 28.
The planet gears 44 further mate with an inner ring gear 48 which, in turn, mates with

and drives the drive shaft 32 and pilot bit 34 for rotation.

In use, the motor 20 drives the main bit 24 for rotation about the main bit axis 26. The
rotation of the main bit 24 is transmitted through the planet/sun gearbox arrangement to
the pilot bit 34, causing rotation thereof about the pilot bit axis 36. The position of the
pilot bit axis 36 relative to the control housing 22 is controlled by the steering shaft 28.
When it is desired to form a deviation in the borehole being formed in a chosen
direction, the steering shaft 28 is held against rotation, ie it is held geostationary, in an
angular position in which the pilot bit axis 36 is offset from the main bit axis 26 in the
desired direction. With the steering shaft 28 held in this position, continued operation

of the motor 20, in combination with an applied weight on bit loading, results in both



arrangenment illustrated this is achieved by providing
a pl anet/sun gearbox arrangenent in which the nain bit

wQ2o0v80preovi ded, internally, with a toothed riPQI/Ea08/003949
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formation 42. The ring gear formation 42 may be forned
integrally with the main bit 24 or alternatively may
conprise a separate conponent rigidly secured thereto.
The teeth of the ring gear fogmation 42 mate with the
teeth of a series of planet gears 44 which are

I ah@hafl Bic TP B pHRDR FiPbesiRr rofh@dsd%QlE{Qﬁéneﬂ:sﬁ&étl'&ér axes, both bits
form ng part of tﬁe steering shaft 28. The pl anet
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which,” in turn, mates wth and drives the drive shaft
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drives the nmain bit rotati on about the maln
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transmtte rou anet/sun gear box arrangenen

1ﬁ81i1 %l lVElC{l li.)llle wégaﬂt Spggsa%tﬁlngge {nQC% 3{(%%1&!}?&1? Wltﬁcﬁlﬁ ?ﬁ) (Sf the pilot

axl s
con ro

a)i)o e 1‘? ill §| %éplr%/cﬁaté tthatl'lﬁey Wil aﬁ)gl,yt h%%ral {f;@rgeﬁ ?0 t#e main bit 24 urging

con rolle eerlng S
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%alnst rotatlon ie it is held geostationary, in
8%@ T °Bosition in which the pilot bit axis 36 is
offset fromthe main bit axis 26 in the

When it is desired to form a region of the borehole 10 that is generally straight, the
steering shaft 28 is allowed to rotate freely. Consequently, the position of the pilot axis
36 changes continually and no net lateral force is applied to the main bit 24, over time,
by the engagement of the wear pads 40 with the borehole wall. In practise, the steering
shaft 28 will typically rotate relatively slowly in these circumstances, the speed of
rotation thereof being determined by the difference in torque between the main and pilot

bits 24, 34.

It will be appreciated that, as steering of the main bit 24 is achieved by the engagement
of the wear pads 40 with the walls of the pilot bore rather than engagement with those
of the main borehole 10, the risk of damaging the main borehole 10 is reduced. Also,
the wear pads 40 can be made of increased length, hence having a larger contact area

with the borehole wall and reducing the applied contact pressure.



desired direction. Wth the steering shaft 28 held in
this position, continued operation of the notor 20, in
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results in boththe main bit 24 and the pilot bit 34
bei ng rotated about their respective axes, both bits
serving to gauge, abrade, scrape or otherw se renove
formation material. This actipn results in the pilot
bit 34 forming a pilot bore which is offset fromthe

M Risdithe B réfire@ 1A tﬁehﬁeeﬁﬁg Bhddi 13 £hiRXtRdh MehytBR€rairly
borehol e 10. Wien the nmain bit 24 reaches a position
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the walls of the pilot bore it wl e appreci at ed
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4 urqgl g the main bit 24°in the chosen direction
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direction. Sire orma re
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the position of the pilot axis 36 changes continually
and no net Iateral force is applied to the main bit

r tine ngagenent
PP oTe i E PR STR el e ?Ige@ﬁlh%sun gearbox
shaft 28 wi ically rotate relativ .
CgeteeEnth s o B Be i FovEF ey e sart 2
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simple brake, in combination with the rotation of the bottom hole assembly 18, to be

used to control the rotation of the shaft 28, thereby avoiding the necessity of providing a

separate motor 50 for the shaft 28.

It will be appreciated that the arrangements described hereinbefore are advantageous in
that they can be used to form straight or deviated borehole regions, are relatively short,
for example approximately the length of two conventional drill bits, can be controlled
simply by controlling the position of a single shaft, and do not require control to be

synchronous with the rotation or bottom hole assembly position.

A number of other components will typically be provided, as is usual with downhole
drilling systems, and drilling fluid or mud passages will typically be provided, as usual,
to allow the supply of fluid to the drill bits. However, the provision of these
components or features is ancillary to the invention and so is not described in detail

herein.



bits 24, 34. It wll be appreciated that, as steering
of the main bit 24 is achieved by the engagenent of

wao beoaerre pads 40 with the walls of the pil ot BCI/EB2008/003949
rat her than engagenent with those of the main borehole
10, the risk of damaging the main borehole 10 is
reduced. Al so, the wear pads 40 can be nade of
i ncreased | ength, hence having a | arger contact area
with the borehole wall and reducing the applied
contact pressure.ln use, the torque required to hold
the steering shaft 28 against rotation may be fairly

hi QBumb&Tof §16aITRhGons iahd Qi?éfatpﬁs ﬁﬁg@@hﬁ@é & Eﬂaﬂggﬁents described
torque applied to the main bit In order to

ORRARERrd ARNGPUGHRIIFLASRALpL 6 fOAf Steering
shatft 28 against rotation it P t hought that a
suitabl e nmotor 50, for exanple of electrically power
or hydraulically powered form nmay be provided in the
control housing 22. Alternatively, as illustrated in
Figure 3, by nodification of the planet/sun gearbox
arrangenent it is possible to ensure that the torque
required to drive the steering shaft 28 is in the sane
direction as the bottom hole assenbly 18 rotates in
use, thus permtting a sinple brake, in conbination
with the rotation of the bottom hole assenbly 18, to
be used to control the rotation of the shaft 28,

t hereby avoi ding the necessity of providing a



separate notor 50 for the shaft 28. It wll be
appreci ated that the arrangenents descri bed

whegoeiroaed or e are advantageous in that they capChEB2063883949
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to formstrai ght or deviated borehole regions, are
relatively short, for exanple approximtely the |ength

of two conventional drill bits, can be controlled

sinmply by controlling the posotion of a single shaft,

and do not require control to be synchronous with the
rotation or bottom hol e assgmahg position. A nunber of

ot her conponents will typically be provided, as is

usual with downhole drilling systenms, and drilling

fluid or nud passages will typically be provided, as
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However, the prOVIS%OH of these conponents or features
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It ti . , . i.bed..
L BT 8RS B e AP IPL udSgeh et o
iqﬁenti%ﬂ.CLAINB 1. Adirectional drilling system

cod%?ﬁginﬁxg‘nain drill bit rotatable about a main bit

axis, a pilot drill bit rotatable about a pilot bit
axi s substantially parallel to the main bit axis, and

adj ust nent _neans for @@'u ting.the posjtion of th .
p%. ot &Es(ystg% a§corrg1|n§fq 11&1 i, whegeln Hle ain th 1S prov1£ed w1t% a plurality
of wear pads engageable, in use, with the wall of a pilot bore formed by the pilot bit to

guide the main bit.

3. A system according to Claim 1 or Claim 2, wherein the pilot bit axis is offset

from the main bit axis by a fixed distance.

4. A system according to any of the preceding claims, wherein the adjustment
means comprises a steering shaft which extends generally coaxially with the main bit, a
drive shaft of the pilot bit being supported for rotation by the steering shaft, the drive

shaft of the pilot bit being eccentric to the steering shaft.

5. A system according to any of the preceding claims, wherein the pilot bit is

arranged to be driven by the rotation of the main bit.

6. A system according to Claim 5, wherein the pilot bit is driven from the main bit

through a sun and planet type gear arrangement.



the main bit axis. 2. A systemaccording to Claiml1,
wherein the main bit is provided with a plurality of

woe@p/1pade engageabl e, in use, with the wall OPCHIB0OS:03949
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bore formed by the pilot bit to guide the nmain bit. 3.
A system according to Cdaiml or daim2, wherein the
pilot bit axis is offset fromthe main bit axis by a
fixed distance. 4. A system agcording to any of the
precedi ng cl ai ns, wherein the adjustnment neans
conprises a steering shaft which extends generally
coaxially with the main bit, a drive shaft of the

pid ot bi tysRal DEoRHAPRY Eﬁaﬁnf@rwﬂe%@ta'rﬁ&opié 5BGd&t REEIHAGI the
shaft, the drive shaft of the pilot bit being

?g&%ﬂ&ﬁkﬁu$ﬁof@@sé&ﬁ%%hﬂg shaft. 5. A system according

he preceding clains, wherein the pilot bit
i's arranged to be driven by the rotation of the main
bit. 6. A systemaccording to Caimb5, wherein the

plé ot % g@fste?n ggéo}[cﬁ% Eor %TQthLF v%l epn]lal lkalze [so[grgad(% l.sougontrol the

and pl an arrang anent m accor
a nDtor is provided to control the
the steering shaft.

re
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0. A method of drilling using a directional drilling system as claimed in any of the
preceding claims, the method comprising the steps of using the pilot bit to form a pilot
bore, using the main bit to form a main bore, and adjusting the position of the pilot bit
axis relative to the main bit axis to control the position of the pilot bore relative to the

main bore.

10. A method according to Claim 9, wherein the main bit is provided with a
plurality of wear pads and wherein engagement of the wear pads with the pilot bore

results in the application of a generally laterally directed force to the main bit.

11. A method according to Claim 9 or Claim 10, wherein the position of the pilot bit

axis is controlled by controlling the orientation of a steering shaft.

12. A method according to Claim 11, wherein the orientation of the steering shaft is

controlled using a motor.



8. A systemaccording to Caim4, wherein a brake is
provided to control the position of the steering
wGeh@bt014% A nethod of drilling using a directPONEB2008/003949
drilling systemas clained in any of the preceding
clainms, the nethod conprising the steps of using the
pilot bit to forma pilot bore, using the main bit to
forma main bore, and adjustiing the position of the
pilot bit axis relative to the main bit axis to

cont r ol hB@oPRebidifeNo @aitiNg, Rhéeh dROSRNfBbALE M€ steQ@ideNBaft is
mai n bore. 10. A nethod according to Caim?9, wherein

t heni&ied uftht absikPr ovided with a plurality of wear pads
and wherei n engagenent of the wear pads with the pil ot
bore results in the application of a generally
|aterally directed force to the main bit. 11. A nethod
according to Caim9 or daim10, wherein the position
of the pilot bit axis is controlled by controlling the
orientation of a steering shaft. 12. A nethod
according to Claim1ll, wherein the orientation of the
steering shaft is controlled using a notor.13. A

nmet hod according to Claim 11, wherein the orientation
of the steering shaft is controlled using a brake.



