DIRECTIONAL DRILLING SYSTEM This invention relates to a directional drilling system for use in the
format on of boreholes, for example for subsequent use in the extraction of hydrocarbons. 5 A number
of directionaVer2ifRj18y4tems are known. For example it is known to provide@dFBRASEYEdM with 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 offset from the axis of the borehole so that continued operation of the drilling
system results in a deviation 10 being formed in the borehole. Another form of steerable drilling system
incorporates a bent housing or sub, the orientation of fvhich can be adjusted to control the direction in

which the associated drill bit is pointeﬁ t Oé#g'i 1(gli ection.in which continued operation of
the drilling system extends the boreh ]eﬁ%lé?\ll%g%% ! és%%%i n 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 piQVige, & GeGiARR! frling SYsiaM _Qﬁfﬁ?ﬁgﬁy ¥ A0:SIMRLE ANALCABNRRISAt Jprm.

According to the invention there is provided a directional drilling system comprising a 2
boreholes, for example for subsequent use in the extraction of hydrocarbons.

A number of directional drilling systems are known. For example it is known to
provide a drilling system with 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 offset from the axis
of the borehole so that continued operation of the drilling system results in a deviation
10 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.

15 WOO03/008754 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

20 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



axis substantially parallel to the main bit axis, and adjustment means for adjusting the position of the
pilot bit axis relative to the main bit axis. Preferably the main bit is provided with a plurality of wear
pads engag®4bl809AIE0 5 with the wall of a pilot bore formed by the pilot BCHGIB2ME R 4hain bit. In
use, when it is desired to direct the borehole in a chosen direction, the pilot bit is is held in a position in
which it is offset from the main bit axis in the chosen direction so as to form a pilot bore in that location.
Subsequent engagement of the wear pads with 10 the pilot bore result in lateral forces being applied
to the main bit urging it in the chosen direction. Whent is desired to form a generally straight borehole

region, the position of the pilot bit axjs is continually or substantially continually changed sp that no or
oA s e s e R S G e ST e

the main bit axis %Xit%ﬂ%?%%iﬁ%@gﬁ'a-{g%e é/t%;g%; ] enigptly.incorporates a steering shaft which
. i :

extends generaIR/ 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. 20 The pilot bit
is preferably arranged to be driven by the rotation of the main bit, for example through a sun and

planet type gearrasrangsMmedintie Rlangirgaars afiwhichhasacpreferalilycardechsmbne stageng shaft.

5 with the wall of a pilot bore formed by the pilot bit to guide the main bit.

In use, when it is desired to direct the borehole in a chosen direction, the pilot bit axis is
held in a position in which it is offset from the main bit axis in the chosen direction so
as to form a pilot bore in that location. Subsequent engagement of the wear pads with
10 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.
15 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.

20
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.



3 A motor may be provided to control the angular position of the steering shaft. Alternatively, a brake
may be provided to control the position of the steering shaft. The invention also relates to a method of
drilling usindV® anetiida¢ drilling system as 5 defined hereinbefore, the meM{t1BaMPpH&HAH 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 The invention will further be described, by way of example, with reference to the
accompanying drawings, in which: Figure 1 is a diagrgmmatic view illustrating a directional drilling

system in accordance with one embodjment of the inyention; 15 Fisqure 2}3 dia rammﬁtif view, to an
. Ot?-I‘ ma%‘?)e ];%ﬁOVl ed. to confrol t Fangulali_po tion of the st cring sna [
enlarged scale, fﬁ‘ugtlra Ing part of the drilling system or Figare 1;

Alternatively, a brake may be provided to control the position of the steering shaft.

The invention also relates to a method of drilling using a directional drilling system as
5 defined hereinbefore, 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 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;

15
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

20  of the embodiment of Figure 2; and

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



Figure 3 is a diagrammatic sectional view illustrating part of the gearbox arrangement 20 of the
embodiment of Figure 2; and Figure 4 is a view similar to Figure 2 illustrating an alternative
embodimen M2Rf&iHg firstly to Figures 1 to 3 there is illustrated a drillin®@SY4RH$8Msed in the
formation of a borehole 10. The system comprises a drill string 12 supported by a surface rig 14 and,
at intervals along its length, by stabilisers 16. At its lower end, the drill string 12 carries a bottom hole
assembly 18 including a downhole motor 20 and a 5 control housing 22. The downhole motor 20 may
take a range of forms For example it may be electricaﬁy powered, or alternatively may be hydraulically

driven using fluid supplied through. the drill string 12 under pressure. An output of theénlow hole motor
202 arranged ORCHTOLTA R B SETE1 IOt AbBJSR R b HUREE T FHE% AN Bsing 22

contains a CO”“?&%[@?Q%@S t&%ﬁ&é"@;\?jﬁ%oﬁy@t@ﬁ%% I?H&E@'&“&i@”&h‘@ gz’tﬁ%&%%@&’%g'on ofa

steering shaft 28 which extends coaxia the main bit 24. At its free en teerin s%aft 28 is

provided with ar‘gﬁ&@!@&%‘ ﬁﬂ%ﬁlﬁtﬁﬁﬁ%‘é}l@ﬁ %Qaﬁg“iféf h@%ﬁ%@f}%iﬁ%&?ﬁ‘@wﬂi %@i&@é%@?ﬁi@ drive
shaft 32 for rotation. Thrust bearings are also provided to permit a weight on bit loading to be

transmitted to 1%i#esdrivelshaftid2  theskivelshait 3R suppiisiaids wmadiintegoalho wikh 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 33) iseaedriitcsioe@20fi3et doomhtiie muadn Hitrengizak6 .o Theo it 6iting daheaxpk 26, 36 is
exaggerated in the drawings. It will be appreciated that the angular position of the steering shaft 28
governs the direstionbinaidaichaitie psitotrbit 20 axdenddvidyoffoet eomidhelierlln Bitvarisskeg fiwid the
steering shaft 28 constitutes an adjustment means for adjusting the position of the pilot bit axis 36 As

illustrated, the piBRBlieSALFrBFBRS fsith SHNSpenTgs P RHEd NHIOEAYART i Zipwnhole motor

20 is arranged to drive a main bit 24 for rotation about a main bit axis 26.

10 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

15 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

20 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



5 illustrated, the opening 38 is of diameter smaller than the pilot bit 34, and the wear pads 40 are
similarly located around a circle of smaller diameter than the pilot bit 34. However, this need not be the
case and th¥WQe9pads’40 may be arranged around a circle of diameter sURSSTARANS/ WU to that of
the pilot bit 34 if desired. 5 The pilot bit 34 is preferably arranged to be driven from the main bit 24. In
the arrangement illustrated this is achieved by providing a planet/sun gearbox arrangement in which
the main bit 24 is provided, internally, with a toothed ring gear formation 42. The ring gear formation 42
may be formed integrally with the main bit 24 or 10 all%rnatively may comprise a separate component

rigidly secured tiﬁ?reto. %]Fhﬁ teeth of the rinfgdgd%?r formgiio%gz at h of a serc'ies of planet

ustrated, the openin 1S O ter er tg] 1 Ovtvglt ggeatnecﬂl? W a
gears 44 which arerotatably mounted upon spider ZTglsuppor e eb‘i/ or forming par of th8 stseering

shaft 28. The plapelaearnf UIASLIAIRNT andunss (G EPaAR WP gl, T MBlesvith and
drives the drive shaft 32 an B/

ilot bit 34 for rotation. 15 In use, the motor 20 drives the main bit 24 for
rotation about thg RaiRbifhaxifabndie relatien ahthemainBihdd 45 ANHDIfeshOMINAhG planet/sun

gearbox arrangement to the pilot bit 34, causing rotation thereof about the pilot bit axis 36. The
position of the pigtRibadisnaberalativaniniipepantsahhasisivg A8: isiconiralige:py the steering shaft 28.
5

The pilot bit 34 is preferably arranged to be driven from the main bit 24. In the
arrangement illustrated this is achieved by providing a planet/sun gearbox arrangement
in which the main bit 24 is provided, internally, with a toothed ring gear formation 42.
The ring gear formation 42 may be formed integrally with the main bit 24 or

10 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.

15
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.

20 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



20 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¥8@ PWfdd¢Trom the main bit axis 26 in the desired direction. WREHIYHE288EM4Shaft 28
held in this position, continued operation of the motor 20, in combination with an applied weight on bit
loading, results in both 6 the main bit 24 and the pilot bit 34 being rotated about their respective axes,
both bits serving to gauge, abrade, scrape or otherwise remove formation material. This action results
in the pilot bit 34 forming a pilot bore which is offset fr8m the main bit axis 26, and in the main bit 24

extending the boL%hole 1b0. ) g%gf %"16 ain .b|§}4 reachetseglgjglﬁs%ﬁlon in which the ear Bads 40 move

into engagemen With'the v %préil?ct)tbbtore l?teWﬁl rk%aapprema &d'thal teIY/ev%F%iprﬂty &'fateral force

o the main bit Zéle}%%i{ga\t/%ﬁ;eg%?%ﬁi e?%cﬁaﬁQ% Cgtﬂggx%s%i.rr%ﬁ{j)?%he (R ﬁjﬁ‘?l?eﬁjﬂﬁ the;drlling system in

the chosen direction. it Is desired to form a region o orehole 10 that is generally
straight, the steggngshafit2giis: @i@ﬂ%ﬁﬁﬁg@iﬁﬂ%& GaeseaeilyJhenasiianiehiiegilot axis 36

changes continually and no net lateral force is applied to the main bit 24, over time, by the
engagement of thel weatepadm 49 with-fadiasehelesnalbiéniprastisen the staaring shafiaddswill typically

rotate relatively slowly in these circumstances, the speed of
5 position in which the wear pads 40 move into engagement with the walls of the pilot
bore it will be appreciated that they will apply a lateral force to the main bit 24 urging

the main bit 24 in the chosen direction, thereby steering the drilling system in the

chosen direction.

10 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
15 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
20 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.



15 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 withV@ a0kl bfhe pilot bore rather than engagement with those 26 biB3e08 P Hbrehole 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. 7 In use, the torque required to hold the steering shaft 28 against rotation may be
fairly high. For example, it may be comparable with thé torque applied to the main bit 24. In order to
generate the torque necessary to hold th ng shaft 2 st rotation it is though t a suitable
motor 50, for exgnmpﬁé gfe s u%%wer or th rAGHCARy" Sgaaiggvé]ear%dnf%rrr%murﬁgy% uplgreo%n(ﬁé/d in the

control housing gg,Alfe! %}ﬁ ¥, ﬁ%ﬂ%ﬁ%%‘?ﬁ 'e[}a'ﬁ %&?h%h@l’oﬁ}g ' E%T148QOQLEH%a Jh%}fé’fuﬂlgearbox

arrangement it is OSSIb sure that thet rque required to drive the steering sha

order to generate the torque necessary to hold the steering shaft 28 against rotation it is
thought that a suitable motor 50, for example of electrically power or hydraulically

5 powered form, may be provided in the control housing 22.

Alternatively, as illustrated in Figure 3, by modification of the planet/sun gearbox
arrangement it is possible to ensure that the torque required to drive the steering shaft 28
is in the same direction as the bottom hole assembly 18 rotates in use, thus permitting a
10 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
15 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.

20 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.



is in the same direction as the bottom hole assembly 18 rotates in use, thus permitting a 10 simple
brake, in combination with the rotation of the bottom hole assembly 18, to be used to control the
rotation of tNEGsHWR/ DB 4Thereby avoiding the necessity of providing a separZEHBAMNSEOIMNIthe shaft
28. 1t will be appreciated that the arrangements described hereinbefore are advantageous in 15 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 td'be synchronous with the rotation or bottom hole
assembly position. 20 A number of other components will YP cally be provided, as is usual with
downhole drilling systems, and drilling fluid or mud passages will typically be provided, as usual, to

allow the 5“pp'y/9fnﬂ%ﬁ%@o}*&ﬁo‘&'{yﬂcQ@fénéﬁ%‘é’ﬁg{e%afﬁgf RIgVisianat {t/%e(‘t)ﬁg SOMPINSGRI QL fgatyres is

ancillary to the invention and so Is not descri etail herein.

2009/101476PGIABLA8/003R43 BepanipbenphedificatiapsRBetslierations may be made to the

arrangements described hereinbefore without departing from the scope of the invention.



9 CLAIMS 1. A directional drilling system comprising a main drill bit rotatable about a main bit axis,
characterized by: a pilot drill bit rotatable about a pilot bit axis substantially parallel to the main bit
axis, the pilot bit axis remaining substantially parallel to the main bit axis and offset from the main bit axis
during operation, and adjustment means for adjusting the position of the pilot bit axis relative to the
main bit axis. 2. A system according to Claim 1, whetein the main bit is provided with 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 th@8fRe 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

B i S S SR AR P Bt sl e v
bit axis, characterized by:
a pilot drill bit rotatable about a pilot bit axis substantially parallel to the main
bit axis, the pilot bit axis remaining substantially parallel to the main bit axis and
offset from the main bit axis during operation, and
adjustment means for adjusting the position of the pilot bit axis relative to the

main bit axis.

2. A system according to Claim 1, wherein the main bit is provided with 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.



10 7. A system according to Claim 4, wherein a motor is provided to control the angular position of the
steering shaft. 8. A system according to Claim 4, wherein a brake is provided to control the position of the
steering shaft. 9. A method of drilling using a directional drilling system, the method comprising using the
pilot bit to form a pilot bore and using the main bit to form a main bore, characterized by: maintaining
a pilot bit axis substantially parallel to a main bit axis!@nd offset from the main bit axis during an operation
in which the main bit rotates about the main bit axis and the pilot bit rotates about the pilot bit axis; 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 posjtiem aictaednilptdtRKis 45 aasisn]achiyoeantpedlingdhe eoerdatian of a steering

shaft. 12. A method accor.ginng Rp Cle}im 11, wherein the orientation of the steering shatft is controlled
using a motor. angular positiorrof the steering ‘shaft.

8. A system according to Claim 4, wherein a brake is provided to control the

position of the steering shaft.

0. A method of drilling using a directional drilling system, the method
comprising using the pilot bit to form a pilot bore and using the main bit to form a
main bore, characterized by:

maintaining a pilot bit axis substantially parallel to a main bit axis and offset
from the main bit axis during an operation in which the main bit rotates about the
main bit axis and the pilot bit rotates about the pilot bit axis; 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.



11 13.A method according to Claim 11, wherein the orientation of the steering shatft is controlled using a
brake

11

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

is controlled using a brake



