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DESCRIPTION

Technical Field

[0001] A system and method are disclosed for drilling a hole in the ground. The hole may be
for example, but not limited to, exploration or production holes for hydrocarbons or access to
subterranean geothermal sources, or waste storage holes.

Background Art

[0002] Many types of ground drilling systems are available for drilling holes for particular
purposes and in specific ground conditions. One range of downhole drill systems utilise a fluid
under pressure to assist in advancing the drill. The fluid may act to either drive a drilling tool
coupled to an associated drill string, or to flush drill cuttings from a hole being drilled, or both.
The fluid can be a gas such as air or nitrogen, a liquid/slurry such as water or drilling mud, or a
combination of a gas and liquid.

[0003] For oil and gas exploration and production it is common to use downhole motors which
are driven by high specific gravity fluid such as drilling mud to provide rotation to an attached
roller bit. The mud can also act to clear cuttings from the hole and provide downhole pressure
control. Additionally the volumetric flow rate of mud through a mud motor may be sufficient to
kill a well if required. However there is a limitation in terms of driling in hard materials
particularly with directional (i.e. non-vertical holes). This arises due to the inability to apply
sufficient downhole pull-down or weight on bit ("WWOB") to fracture rock and progress the drilling
at an economical rate.

[0004] The limitation of penetration in hard materials can overcome by the use of a down the
hole (DTH) hammer. DTH hammers are driven by a fluid. While air is a common driving fluid it
does not enable control of downhole and ground pressure. Also it is often not possible to
provide the air with the required pressure and volume to provide sufficient pressure differential
with reference to the prevailing down hole environment to effectively drive the hammer.

[0005] Instead of air, water and additives such as drilling mud can used to drive the hammer.
This enables higher drilling pressures to be provided to combat high ground pressures.
However due to its inherent nature driling mud rapidly wears the internal surfaces of the
hammer leading to the need for frequent replacement. This involves the very time consuming
process of tripping the drill string. Also conventional hammer drills do not enable a sufficient
volumetric flow rate to kill a well (i.e. flood the well quickly to control or stop the flow of gas and
other dangerous well conditions) in the event of a dangerous over pressure condition.

[0006] EP 0 233 038 A2 describes a down the hole drill which can conduct two fluids. Air flows



DK/EP 3242990 T3

through a pipe in the drill while the hydraulic oil flows through the hoses carried on the outside
of the drill. The drill also has a rotary motor and hammer bit driven by a piston. The motor and
piston are both powered by the hydraulic oil. This oil is drawn from the tank and pumped by a
pump through both piston and the motor. A tee in the hydraulic circuit forms a first stream of
the hydraulic oil that drives the piston while a second stream of the same hydraulic oil drives
the motor. The streams merge into one and flow via hose through a filter and into tank.

[0007] US 5,853,052 A describes a rock drill used for very shallow holes (e.g. 70m to 140m)
commonly required for blast holes. The drill has a flexible drill pipe/conduit and a hydraulic
motor with a central conduit for conveying air to a hammer. Due to the use of a flexible conduit
a tractor is needed to grip the inside of a hole being drilled to react against the drive torque
and prevent twisting of the flexible conduit. The fluid supplied by the conduit in a hydraulic drive
unit powers the hammer and is used to remove rock chips from the hole being drilled. The
hydraulic fluid used for driving the hydraulic drive unit is returned via a conduit and outlet to a
surface pump for continuous operation of the hydraulic motor.

Summary of the Disclosure

[0008] In broad terms a drilling system and method are disclosed utilising a plurality of fluids to
drive separate downhole devices. The separate downhole devices may comprising a hammer
and downhole motor. A hammer bit is attached to the hammer and the hammer is downstream
of the motor. The drilling system is coupled to a downhole end of a drill string. The drill string is
arranged to enable the separate and independent flow of a first fluid and a second fluid. The
first fluid is used to power the hammer. The second fluid is used to power the motor. Both fluids
may be liquids. The liquids may, and often will, have different characteristics. The difference
may be in terms of one or more of their specific gravity, viscosity, rheology, pressure and flow
rate.

[0009] The downhole motor can be used to rotate the hammer. However it is also possible to
stop flow of the second fluid to the downhole motor in which case the motor will not rotate the
hammer. In that event rotation of the hammer can be provided by rotating the drill string for
example by use of a surface rotary table or rotation head. In a further alternative torque can be
provided to the bit by both the downhole motor and a surface rotary table or rotation head.

[0010] A steerable joint or sub may be provided between a downhole end of the drill string and
the hammer. Thus the steerable joint or sub can be either between the end of the string and
the motor, or between the motor and the hammer. However in an alternate embodiment the
downhole motor may be steerable itself by the incorporation of an in-built adjustable bend.

[0011] The system is configured so that the second fluid can be discharged into the hole being
drilled across the face of the hammer bit. Alternatively the second fluid may be discharged into
the hole from a location close to the face of the bit; or from a location up hole of the hammer
drill.
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[0012] The use of multiple fluids makes it possible to optimise the system and method by
appropriate selection of the fluids to meeting different their specific requirements. For example
the first fluid can be optimised for operating the hammer in terms of power, speed, efficiency
and longevity. On the other hand the second fluid may be optimised in terms of operating the
motor and: clearing the hole of drill cuttings; hole stability; and, providing a desired downhole
pressure condition, either by itself or when mixed with the first fluid in the event that the first
fluid is into the hole exhausted after operating the hammer. The parameters or characteristic
that may be selected for the second fluid include but are not limited to: up hole velocity,
viscosity and specific gravity.

[0013] The first fluid may be denoted as a "power fluid" as this is the fluid that provides power
to drive the down the hole hammer drill. It is the power fluid that flows through a porting
arrangement of the hammer to reciprocate a piston which cyclically impacts the hammer bit of
the hammer. In various embodiments the first fluid may comprise a liquid or a gas or
combination thereof, such as but is not limited to: water, oil, air, nitrogen gas, or mixtures
thereof.

[0014] The second fluid in addition to proving power to the motor has other functions which
can be performed either simultaneously or separately in various circumstances. For example
the second fluid may function as a flushing fluid to flush cuttings from the hole and in particular
from near the bit face of the hammer bit. The second fluid may also be used to control
downhole pressure. For this reason the second fluid may also be denoted as a "flushing fluid"
or a "control fluid". The second fluid in most instances is a liquid such as but not limited to:
water, drilling mud or in, for example dangerous over pressure conditions, cement/grout. In the
event that water is used as the second fluid it is not of great significance to the operational life
of the hammer if the water carries with it significant fractions of particulate material. That is
dirty water may be used to operate the motor. Whereas clean water is preferable used for the
hammer.

[0015] The scope of protection of the present invention is defined by the appended claims.

[0016] In a first aspect there is disclosed a multi-fluid drilling system capable of being coupled
to an end of a drill string configured to enable separate flow of a first fluid and a second fluid,
the system comprising:

a hammer arranged so that when supported by the drill string a first fluid flowing through the
drill string is able to power the hammer drill; and

a motor arranged so that when supported by the drill string a second fluid flowing through the
drill string is able to flow through and power the motor;

the motor being coupled to the hammer and arranged to rotate the hammer when second fluid
flows through the motor.
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[0017] In a second aspect there is disclosed a multi-fluid drilling system comprising:
a drill string configured to enable separate flow of a first fluid and a second fluid;

a hammer supported by the drill string and in fluid communication with the drill string wherein
the first fluid is able to power the hammer; and

a motor supported by the drill string and in fluid communication with the drill string wherein the
second fluid is able to flow through and power the motor, the motor arranged to rotate the
hammer.

[0018] In a third aspect there is disclosed a method of drilling a hole comprising:
coupling a motor to a hammer the motor being capable of rotating the hammer drill;

delivering a first fluid to the hammer to enable the hammer to cyclically impact a toe of a hole
being drilled; and

delivering a second fluid to the motor in isolation of the first fluid to enable to the motor to
rotate the hammer.

Brief Description of the Drawings

[0019] Notwithstanding any other forms which may fall within the scope of the system and
method as set forth in the Summary, a specific embodiment will now be described by way of
example only with reference to the accompanying drawing in which:

Figure 1 is a schematic representation of a first embodiment of the disclosed multi-fluid drilling
system;

Figure 2 is a schematic representation of a second embodiment of the disclosed multi-fluid
drilling system;

Figure 3 is a schematic representation of a third embodiment of the disclosed multi-fluid drilling
system;

Figure 4 is a schematic representation of a fourth embodiment of the disclosed multi-fluid
drilling system; and,

Figure 5 is a schematic representation of a fifth embodiment of the disclosed multi-fluid drilling
system.
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Detailed Description of Specific Embodiments

[0020] Figure 1 illustrates one embodiment of the disclosed multi-fluid drilling system 10 drilling
a hole or well 11. The system 10 is coupled to a dual wall drill string 12. The drill string 12 is
configured to enable separate flow of a first fluid 14 depicted by circles and a second fluid 16
depicted by arrows. In this instance the first fluid 14 flows in an outer annular path or channel
18 of the drill string 12 while the second fluid 16 flows through an inner channel or flow path
20. The system 10 comprises a hammer 22 and a downhole motor 24. Both the hammer 22
and the motor 24 are supported by and are coupled to the drill string 12. The motor 24 is
uphole of the hammer 22.

[0021] The hammer 22 is arranged so that when supported by the drill string 12 the first fluid
14 when flowing through the drill string 12 is able to flow to and power the hammer 22. As the
motor 24 is disposed between the hammer 22 and the drill string 12 the first fluid 14 is also
able to flow through the motor 24. To this end the motor 24 has a channel 25 to enable the first
fluid to flow from the drill sting 12 to the hammer 22. The channel 25 acts as a part of a flow
path or conduit for the first fluid 14.

[0022] The hammer 22 is of generally conventional construction and includes amongst other
features, a hammer bit 26, a piston 28, and a central tube 30. The hammer 22 also includes a
porting arrangement (not shown) through which the first fluid 14 flows. The porting
arrangement comprises a plurality of surfaces formed on the piston 28 and on an inner
circumferential surface of a porting sleeve (not shown). The piston 28 is caused to reciprocate
along the central tube 30 by action of the fluid 14 passing through the porting arrangement.
This provides impact force onto the bit 26. The fluid 14 is then exhausted generally between
the outside of the bit 26 and an outer casing 32 of the hammer 22.

[0023] The motor 24 is driven by the flow of the second fluid 16. The second fluid 16 when
passing through the motor 24 causes a rotor (not shown) in the motor 24 to rotate relative to
the corresponding stator (not shown). The rotor is coupled to the hammer 22. Thus when fluid
16 passes through the motor 24, the hammer 22 including the associated hammer bit 26
rotate.

[0024] In this embodiment the second fluid 16 is caused to flow through the central tube 30
and subsequently through an internal passage in the hammer bit 26. This passage opens onto
a bit face 34. The fluid 16 is then able to flow across the bit face 34 and subsequently back up
the hole/well 11 being drilled by the system 10. The fluids 14 and 16 mix as they travel back up
the hole/well 11.

[0025] Figure 2 illustrates a second embodiment of the disclosed system 10a. The same
reference numbers used in Figure 1 to describe features of the system 10 above are used in
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Figure 2 to denote the same features of the system 10a. The system 10a is in substance the
same as the system 10 however the first fluid 14 in this embodiment flows through the inner
channel 20 while the second fluid 16 passes through the annular channel 18. As a result of this
the system 10a also includes a crossover sub 35 between the drill string 12 and the motor 24.
The crossover sub 35 crosses the flow paths of the first and second fluids 14 and 16 from the
drill string 12 to the motor 24 so that: the second fluid 16 remains flowing through the channel
25 in the motor 24 and subsequently through the inner tube 30 of the hammer 22; and, the first
fluid 14 is directed to the porting arrangement of the hammer 22.

[0026] Figure 3 illustrates a further embodiment of the disclosed system designated as 10b.
The same reference numbers used in Figure 1 to describe features of the system 10 above
are used in Figure 3 to denote the same features of the system 10b. The system 10b differs
from the system 10 only by way of the outlet or exit points for the second fluid 16. In the
system 10b the second fluid 16 exits the system 10 near but uphole of the hammer 22. This is
achieved by the provision of ports 36 in the motor 24 which enable the second fluid 16 to flow
out of the motor 24 uphole of the hammer 22 and into the hole being drilled. In this
embodiment the first fluid 14 continues to flow through the motor 24 and to the hammer 22 to
cause reciprocation of the piston 28 and thus provide the impact force for the hammer bit 26.
The fluid 14 exits the system 10b from between the outer housing 32 and the bit 26. Again
both fluids 14 and 16 will mix in the hole 11 and flow upward to bring drill cuttings to the
surface.

[0027] Figure 4 depicts a further embodiment designated as system 10c. The system 10c is a
variation of the system 10b. The variation lies in a minor reconfiguration of the ports 36 and the
addition of an external shroud 38. The shroud 38 extends over the outer housing 32 of the
hammer 22. The shroud 38 and outer housing 32 are configured so to form an annular flow
path 40 there between. The port 36 is arranged to direct the fluid 16 to flow through the flow
path 40. The second fluid 16 then exits the system 10c adjacent the head of the hammer bit 26
but upstream of the bit face 34. The first fluid 14 also exits the system 10c from between a
lower end of the outer housing 32 and the hammer bit 26. Thus in this instance both the fluids
14 and 16 exit from substantially the same location on the drill system 10c and flow upwardly to
carry drill cuttings to the surface.

[0028] Each of the systems 10b and 10c shown in Figures 3 and 4 respectively can be further
modified in a manner so as to cause the fluid 16 to in essence bypass the motor 24 and thus
be pumped directly into the hole being drilled rather than operate the motor 24. To modify the
systems 10b and 10c to operate in this manner both require further exit ports 42. The ports 42
are upstream of the ports 36.

[0029] In these modified embodiments each of the ports 36 and 42 is also provided with valves
37 and 43 respectively. The valves 37 and 43 can be selectively and independently opened

and closed.

[0030] By closing the valves 43 in the upstream ports 42 and opening the valves 37 in the
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downstream ports 36, the systems 10b and 10c operate as previously described. However if
the valves 37 in the ports 36 are closed and the valves 43 in the ports 42 opened then the fluid
16 is caused to substantially bypass the motor 24 and flow directly in to the hole being drilled.
Consequently the motor 24 will provide very little if any rotational torque to the hammer 22. In
that event, rotation of the hammer 22 and the corresponding hammer bit 26 may be provided
by an uphole rotation head or turntable coupled to the drill string 12. In both instances the fluid
16 will be pumped into the hole/well 11.

[0031] Figure 5 shows a further embodiment of a disclosed system designated here as 10d.
The same reference numbers used in Figure 1 to describe features of the system 10 above
are used in Figure 5 to denote the same features of the system 10d. The system 10d differs
from the earlier systems 10-10c by the inclusion of a steering mechanism 50. The steering
mechanism 50 is illustrated in this embodiment as being disposed between the hammer 22
and the motor 24. However in an alternate embodiment the steering mechanism 50 may be
located between the end of the drill string 12 and the motor 24. It is however generally
preferable to have the steering mechanism as close as possible to the bit face 34. In its
simplest form the steering mechanism may be incorporated as a bent housing in the motor 24
or by using a bent sub or eccentric stabiliser. Thus although the steering mechanism 50 is
shown as being separate from the motor 24 it may be incorporated as part of the motor 24.

[0032] The provision of the steering mechanism 50 enables the drilling system 10d to be used
for directional drilling. In such when drilling a straight section of the hole (e.g. before and after
a bend) the hammer 22/hammer bit 26 are rotated by rotating the drill string 12. In one
embodiment when it is required to change the direction of drilling the second fluid 16 is
delivered through the string 12 to the motor 24. This will activate the steering mechanism to
deflect the line of drilling of the hammer 22 and associated bit 26 in comparison to the line of
the drill string 12. Once the appropriate bend has been drilled, delivery of the second fluid 16
can cease and rotation is again provided by rotating the string 12 using for example a drill
head or turntable. However other known bent subs or steerable subs/joints may be used to
provide directional control of the hole/well 11 being drilled which are actived without the need to
stop the flow of the second fluid 16. Indeed this is favoured in most circumstances so as to
maintain a desired down hole pressure and continuous flushing and stabilisation of the
hole/well 11.

[0033] The steering mechanism 50 may be introduced into each of the system 10a, 10b and
10c described above. In particular when used in conjunction with the modified forms of
systems 10b or 10c having the valve controlled ports 36 and 42, it is possible to maintain a flow
of the second fluid 16 into the hole/well 11 irrespective of whether while forming a bend or turn
in the hole/well 11. The steering mechanism may be incorporated as part of the motor 24 in all
of the embodiments.

[0034] In each of the above described embodiments the first fluid 14 can be a gas or a liquid
(i.e. compressible or incompressible fluid). The first fluid 16 can be a gas such as air if the hole
depths and pressure differentials are such that air can be delivered at sufficient pressure and
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flow rate/volume to operate the hammer 22. Alternately the first fluid 14 can be a liquid (i.e.
incompressible fluid) such as but not limited to water. This may be beneficial when drilling deep
holes in order to provide the pressure differential to operate the hammer 22. The term "water"
in the context of the first fluid 14 in operating or powering the hammer 22 is intended to be
reference to clean water or relatively clean water with an acceptably small fraction of small
particulate matter. For example the water can have a purity of 5u. This is to be distinguished
from dirty water or muds which essentially are water mixed with significant fractions of relatively
large particulate matter. It is indeed known to use mud to down hole hammers. However such
hammers have a short service life as the mud has an abrasive effect on the internal workings
of the hammer and in particular the porting surfaces. This leads to rapid degradation of
performance and the necessity to change the hammer 22 on a regular basis.

[0035] The second fluid 16 which flows in isolation to the first fluid 14 can be chosen, in
addition to providing power to drive the motor 24, to have characteristics to control downhole
conditions, provide lubrication to the bit face 34 and flush cuttings from the hole/well 11. The
fluid 16 may be but is not limited to gases, water, dirty water, drilling mud, drilling additives,
lubricants and a combination of two or more of these.

[0036] Although the first fluid 14 is not crucial in terms of controling downhole pressure
conditions it's density and viscosity can be taken into account when selecting the second fluid
16 so that the mixture of the fluids 14 and 16 provide a desired downhole pressure condition.
Thus, one can select or modify the characteristics of the second fluid 16 to provide the desired
downhole conditions taking into account, but without requiring any change of, the first fluid 14.

[0037] In the event that dangerous conditions are detected it is possible to provide second fluid
16 at sufficient volume and flow rate to kill the well. This arises due to the manner in which the
second fluid 16 is delivered which provides for a substantially greater volume of liquid than with
a traditional down hole fluid hammer.

[0038] The above the systems 10-10d enable a method of drilling a hole or well in the ground
using a fluid operated hammer 22 with an adjacent fluid operated motor providing torque.
Separate fluids 14 and 16 are used to drive the hammer 22 and the motor 24. The fluids may
be matched to the prevailing down hole conditions and/or for optimum operation of the
hammer and/or the motor 24. The fluids 14 and 16 may be pumped into an up hole end of the
drill string 12 using a dual circulation fluid inlet swivel. The above described embodiments of
the system and associated drilling method are particularly, but not exclusively, suited to drilling:
oil and gas; or geothermal wells in hard ground formations, or drilling very deep holes, such as
for example depth in excess of 5000m. In particular, embodiments of the disclosed system and
method enable the use of down the hole drilling tools in the form of down the hole hammers
which are very well suited to drilling in hard materials although do not find favour when drilling
for oil/gas due to the trade-off between longevity of the drilling tool and the ability to control
down hole pressure and maintain hole stability. For example to drill with a marginal under
pressure, when using a regular down hole hammer, it may be required to operate the hammer
with a fluid of a relatively high specific gravity. This will entail using a mud or slurry to drive the
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hammer. However by its very nature the mud or slurry will contain particles that abrade and
wear the hammer. As a result it becomes necessary to trip the drill string more regularly in
order to replace the worn hammer. When a hole is several kilometres deep, the tripping of the
drill string may take up to or exceed 24 hours. However if a hammer driving fluid of lower
specific gravity is used then the ability to provide a specific pressure condition may be lost.
Embodiments of the system and method enable separate provision and control of the
parameters and characteristics of the working and flushing fluids thereby enabling maximum
efficiency and longevity of the down hole tool while also providing control over down hole
pressure and hole stability.

[0039] Embodiments of the presently disclosed system and method use two separate fluid
flows all the way to the bottom of the drill string 12 and in many embodiments the well/hole 11.
Consequently the fluids 14 and 16 will mix at or very close to the bit face 34 i.e. the bottom of
the well 11. This allows for well control with maximum effect and safety and for the mixing of
the both fluids at or very near the bit face.

[0040] The ratio between the first fluid 14 and the second fluid 16 may be between 10/90 and
30/70. That is 10% first fluid 16 and 90% second fluid 18. This means for example during the
drilling of a 216mm (8.5 inch) well using 127mm (5.5 inch) drill pipe, an embodiment of the
disclosed the hammer 22 will use 10% to 30% of the total well volume as a first fluid 16.

[0041] Looked at in terms of fluid volumes and pressures, say for example the total volume of
fluid required to drill and lift drill cuttings is 1,000 litres per minute pumped at a pressure of
34474kpa (5,000 psi). The hammer 22 will use 100 to 300 litres per minute of that total
volume. The second fluid will be pumped at around 27580kpa (4,000 psi) and the flow rate will
be 900 to 700 litters per minute.

[0042] Thus embodiments of the disclosed the system and method are very efficient in
comparison to say a normally operated water hammer. In comparable downhole environment
and depth, a normally operated water hammer would typically use over 1,000 litres per minute
and up to 2,000 litres per minute. This is substantially more than the 100-300 litres per minute
of embodiments of the disclosed system and method.

[0043] In the disclosed system and method the provision of separate fluid flows for the motor
and hammer enables "tuning" of the drilling process wherein the rotation speed/torque and
percussive energy of the hammer bit can be separately controlled. The rotation speed/torque
of the hammer bit 26 can be controlled by controlling the flow and other characteristics of the
second fluid 16 which drives the motor 24. The percussive energy of the hammer bit 26 can be
controlled by controlling the flow and other characteristics of the first fluid 14. Thus for example
it is possible drill with low bit rotation speed and high bit percussive energy impact speed; or
high bit rotation speed and low bit percussive energy; or indeed more generally any
combination of bit rotation speed and bit percussive energy.

[0044] The motor 24 may be in the form of a vane or turbine type motor. Such a motor has a
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central drive shaft that is coupled to the hammer 22 to rotate the hammer 22. The central drive
shaft is provided with a bore which forms the channel 25. Alternatively the drive shaft may be
provided with a bore and an inner rotationally decoupled sleeve that forms the channel 25.

[0045] Embodiments of the system and method may be used on either land or offshore rigs. In
the claims which follow and in the preceding description of the invention, except where the
context requires otherwise due to express language or necessary implication, the word
"comprise"” or variations such as "comprises” or "comprising” is used in an inclusive sense, i.e.
to specify the presence of the stated features but not to preclude the presence or addition of
further features in various embodiments of the disclosed system and method.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. It does not
form part of the European patent document. Even though great care has been taken in
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
liability in this regard.

Patent documents cited in the description

o EPQ233038A2 [0008]
o USHB53052A [80GTY
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Patentkrav
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1. Et boresystem med flere vasker (10), som er i stand til at blive koblet til en ende

af en borestreng (12), der er konfigureret til at muligggre uathangig strgmning af
en fgrste vaeske (14) og en anden vaske (16), hvor systemet omfatter:
en hammer (22), der er arrangeret saledes, at nar den er understgttet af
borestrengen, kan en fgrste vaeske (14), der strammer gennem borestrengen
(12), drive hammeren (22);
en motor (24), der er understgttet af borestrengen og er koblet til hammeren,
hvori motoren (24) er arrangeret til at dreje hammeren (22); kendetegnet
ved, at:
den anden vaske (16), der strammer gennem borestrengen (12), kan
flyde gennem og drive motoren (24); og
hvori boresystemet (10) er arrangeret til at ggre det muligt for den

anden vaske at flyde ned i et hul (11), der bores af boresystemet.

Boresystemet (10) i henhold til krav 1, hvori hammeren (22) er forsynet med en
borekrone (26), og den fgrste vaske (14) ledes gennem boresystemet (10) for at

Igbe ud af boresystemet (10) ved siden af borekronen (26).

Boresystemet (10) i henhold til krav 1, hvori hammeren (22) er forsynet med en
borekrone (26), og den anden vaske (16) ledes gennem boresystemet (10) for at
Igbe ud af boresystemet (10) for enten at (a) lpbe hen over borefladen (34) pa
borekronen (26); eller (b) Igbe ud af boresystemet (10) ved hullerne over en
boreflade (34) pa borekronen (26).

Boresystemet (10) 1 henhold til krav 3, der omfatter en kappe (38), der er placeret
over hammeren (22) og afsluttes ved hullerne over borefladen (34), og hvori den
anden vaske (16) lgber ud af boresystemet (10) fra en ende af kappen (38) under

hullerne.
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Boresystemet (10) i henhold til krav 1 eller 2, som omfatter et arrangement af
porte (36), der er associeret med motoren (24), for selektivt at bevirke, at den
anden vaske (16) flyder ind i det hul (11), der bores: fgr overfgrsel af vasentlig

effekt til motoren (24), eller, efter overfgrsel af effekt til motoren (24).

Boresystemet (10) i henhold til ethvert af kravene 1-5, hvori den fgrste vaeske
stremmer (14) i1 enten (a) en ringformet strgmningsvej (18), der dannes i
borestrengen (12), og den anden vaske (16) strgmmer i1 en indvendig
strgmningsvej (20), der er omgivet af den ringformede strgmningsvej (18); eller
(b) en indvendig vej (20), der er dannet i borestrengen (12), og den anden vaske
strgmmer (16) 1 en ringformet strgmningsvej (18) i1 borestrengen, hvori den

ringformede strgmningsvej omgiver den indvendige strgmningsve;j.

Boresystemet (10) i1 henhold til ethvert af kravene 1-6, som omfatter en

styremekanisme (50), der er koblet mellem borestrengen (12) og hammeren (22).

Boresystemet (10) henhold til krav 7 hvori styremekanismen (50) er:
placeret mellem motoren (24) og hammeren (22); eller inkorporeret i motoren

(24).

Boresystemet (10) i henhold til ethvert af de forudgéende krav, som omfatter et
gverst placeret rotationssystem, der er arrangeret til at rotere hammeren (22) og

overfgre moment til borestrengen.

En fremgangsmade til boring af et hul (11), som omfatter:
kobling af en motor (24) under hullerne med en hammer (22), hvor motoren
(24) under hullerne kan rotere hammeren (22);
kendetegnet ved at levere fgrste og anden vaske (14, 16) separat og
uafh@engigt af hinanden gennem en borestreng (12) til henholdsvis

hammeren (22) og motoren (24), hvori den fgrste vaske (14) driver
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hammeren (22) til cyklisk at pavirke den nederste del af et hul (11), der
bores; og den anden vaske (16) driver motoren (24) under hullerne, i
isolation fra den fgrste vaeske (16), for at ggre det muligt for motoren (24)
under hullerne at rotere hammeren (22); og

muligggre, at den anden vaske (16) flyder ind i det hul (11), der bores af

boresystemet.

Fremgangsmaden i henhold til krav 10, som omfatter at lede den fgrste vaeske (14)

ind 1 hullet (11) efter betjening af hammeren (22).

Fremgangsmaden i henhold til krav 10 eller 11, som omfatter at lede den anden
vaske (16) ind i hullet (11) fra mindst én af fplgende placeringer: hen over en
boreflade (34) pa en krone (26) pa hammeren (22); i hullerne over borefladen

(34); og i hullerne over hammeren (22).

Fremgangsmaden i henhold til ethvert af kravene 10-12, som omfatter brug af en
styremekanisme (50), der er koblet med hammeren (22) for at tilvejebringe en

@ndring i retningen af et hul (11), der bores.

Fremgangsmaden i henhold til krav 13, som omfatter brug af motoren under
hullerne til at rotere hammeren (22), nar der skiftes retning af det hul (11), der

bores.

Fremgangsmaden i henhold til ethvert af kravene 10-14, som omfatter kobling af
motoren (24) under hullerne til en borestreng (12), der er arrangeret til at
muligggre overfgrsel af den fgrste og anden vaske (14, 16) til henholdsvis
hammeren (22) og motoren (24); og overfgre moment til hammeren (22) fra en

drejebordsflade eller rotationshoved via borestrengen (12).
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