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Down the hole drilling assembly exhaust assembly

Technical field

This invention relates to a percussive drilling assembly and in particular, although not

exclusively, to a down-the-hole hammer exhaust assembly.

Background of the invention

Holes can be drilled in rock by means of various rock drilling assemblies. Drilling may be
performed with a method of combining percussions and rotation. This type of drilling is called
percussive drilling. Percussive drilling may be classified according to whether an impact device is
outside the drill hole or in the drill hole during drilling. When the impact device is in the drill hole,
the drilling is typically called down the hole (DTH) drilling. Since the impact device in the DTH drilling

assembly is located inside the drill hole, the structure of the impact device needs to be compact.

The technique of DTH percussive hammer drilling involves the supply of a pressurised fluid
via a drill string to a drill bit located at the bottom of a bore hole. The fluid acts to both drive the
hammer drilling action and to flush dust and fines resultant from the cutting action rearwardly

through the bore hole so as to optimise forward cutting.

The drilling assembly is provided with a reciprocating percussion piston, which is moved by
controlling the feeding and discharging of pressurized fluid into and out of working chambers where
the working surfaces of the piston are located. The piston is configured to strike a drill bit being
connected directly to the drilling assembly. Typically, the piston has two end surfaces that are
exposed to working air volumes (a return volume and a drive volume) that are filled and exhausted
with each cycle of the piston. The return volume pushes the piston away from its impact point and

the drive volume accelerates the piston towards its impact point.

Conventionally, DTH percussive hammers combine the exhausting air from the working air
volumes into a central exhaust gallery that delivers all the exhausting air through the drill bit to the
exterior of the drilling assembly. The problem with this is that much more air than needed to clean
the hole and remove the cutting is passed through the drill bit and along the exterior of the hammer.
As the air also contains solids from the drill cuttings this leads to excessive wear rates of the external
parts of the DTH hammer assembly and back pressure in the DTH hammer assembly which reduces

the tool’s overall power and performance.

US patent 8,302,707 B2 provides an alternative construction whereby the working volumes

of air are exhausted from at least one exhaust port to the exterior through the casing wall at the top
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end of the drilling assembly through an exhaust system. However, the problem with this
construction is that the exhaust port is always open which means that during the flushing of the air
there is a risk that the pressure becomes unbalanced, which can lead to the hammer flooding. If the
hammer floods it has to be removed from the drill rig to be opened and then cleaned up, therefore
resulting in a loss of production time. Typically, there would be a check valve on the exhaust port,
however the check valve often gets contaminated with dirt or water which leads to malfunction of
the check valve. Accordingly, there exists a need for a DTH hammer construction with an improved
exhaust system where the air is exhausted from the top of the hammer but without the problems of

contamination.

Summary

It is an objective of this invention to provide a novel and improved percussive drilling
assembly and apparatus for drilling rock whereby the flushing air is exhausted in a manner in which
air is exhausted to minimize wear on the external parts of the assembly, this will improve the
lifetime of the drilling assembly and reduce the production down time needed to replace worn parts.
It is a further objective to exhaust the air without the issue of contamination of the hammer which

will improve the reliability of the drilling assembly.

The objective is achieved by providing a down the hole drilling assembly having a top end

arranged for coupling to a drill string and a bottom cutting end, the drilling assembly comprising:

a drill tube adapter positioned at the top end of the assembly;

an elongate casing;

a drill bit at least partially accommodated within the bottom end of the casing;

a fluid powered piston arranged moveably inside the casing which is capable of shuttling

axially back and forth;

a top working chamber at the top end side of the piston;

a bottom working chamber at the bottom end side of the piston;

a top sub comprising a retaining shoulder, a plurality of splines, at least one exhaust passage
which is engaged to the casing, wherein the at least one exhaust passage is connected to the top

chamber via at least one top vent passage;
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at least one flushing port at the bottom end of the casing which is connected to the at least

one bottom vent passage arranged to vent the bottom chamber;

an exhaust system at the top end of the casing comprising an exhaust cover and at least one

exhaust port arranged to vent the top chamber via the at least one exhaust passage;

characterized in that:

the exhaust system is moveable with respect to the drill string and the top sub comprises an
exhaust valve which is capable of opening and closing the connection between the at least one

exhaust passage and the at least one exhaust port.

Advantageously, this means that when the drilling assembly is in drilling mode the at least
one exhaust port is open so that the air from the top chamber is exhausted at the top end of the
drilling assembly through the exhaust system and the air from bottom chamber is exhausted
through the drill bit to remove the cuttings. This is beneficial as it reduces the air flow passing over
the casing (i.e. it reduces the bailing velocity), meaning that the wear of the casing is reduced which
increases the service life of the drilling assembly. When the drilling assembly is in flushing mode, i.e.
when the drill string is pulled out, the exhaust ports at the top end of the drilling assembly are closed
and therefore all the flushing air is directed through the drill bit. This is beneficial as it improves the
efficiency of the hole cleaning and reduces_the risk of contamination of the hammer from dirt and
water. Further, this reduces the risk of unbalanced pressure being created in the hammer which

could cause flooding and therefore reduce the reliability of the hammer.

The position of the exhaust valve is controlled by the position of the hammer, no springs or
elastic elements are required, therefore improving the reliability of the system. With this
construction it is also possible to control the position of the hammer with the pressurized fluid by
switching to flushing mode. When the air is turned on, it will apply force on the exhaust system that

pushes the hammer into its flushing position.

In one embodiment, the exhaust valve is positioned such that the connection between the
at least one exhaust passage and the at least one exhaust port is open when the drilling assembly is

in drilling mode.

This has the advantage of reducing the wear of the outer components of the drilling

assembly during drilling.



10

15

20

25

30

WO 2020/254458 PCT/EP2020/066860

In one embodiment, the exhaust valve is positioned such that the connection between the
at least one exhaust passage and the at least one exhaust port is closed when the drilling assembly is

in flushing mode.

Advantageously, when in flushing mode all the air is directed through the drill bit which

improves the effectiveness of the hole cleaning and prevents contamination of the hammer.

In one embodiment, there is an engaging feature, such as a spline connection, between the
exhaust cover and the top sub that allows the exhaust cover and top sub to slide longitudinally

between a first position and a second position.

This construction means that torque can be transmitted from the exhaust cover to the top
sub and so the position of the top sub moves with respect to the position of the drill string
automatically as the drilling assembly is switched between drilling and flushing modes.
Advantageously, this means that no manual operation is required. As the drilling assembly is pulled
out and retracted the top sub will automatically switch from its first position to its second position
and vice versa. No manual operation required to move the exhaust valve so that it is able to open or

close the connection between the at least one exhaust port and the at least one exhaust passage.

In one embodiment, there is at least one seal located on both sides of the at least one

exhaust port.

Advantageously, the seals ensure that contamination does not enter the hammer.
Preferably, the seals are scrapper type or wiper seals. Preferably, the seals are attached to the
exhaust cover and act on the surface of the top sub, therefore forming a tight seal either side of the
at least one exhaust port and thus preventing contaminants such as dust, dirt and debris from

entering the system.

In one embodiment, there is a minimum of 3 seals. The seals are placed so that in both
drilling and flushing positions, both the exhaust port and the flushing channel are sealed off from the
outside. Advantageously, this means that a very secure and reliable seal is formed to prevent

contamination entering the hammer.

In one embodiment, there is a damping device positioned between the top sub and the drill

tube adapter.

Advantageously, the damping device will absorb and reduce stress reflected from the drilling
operation, therefore protecting the drill string from damage and particularly the rotation unit. The

damping device or element could for example be made of an elastomer material. This will help to
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reduce vibrations in the drilling tubes and protect the rotation unit from harmful stresses caused by
recoil. In this embodiment the splines are lubricated as the air is exhausted and there is initially a
gap between the top sub and the exhaust cover when in the drilling position. Lubricating the splines
helps to prevent galling (seizing) by reducing the friction coefficient between the surfaces and also
the air flow helps to cool down the contact temperature therefore minimizing the risks of surface

damage.

In one embodiment, the top sub has a guidance feature. Preferably, the guidance feature
comprises a first bearing surface and a second bearing surface which are separated from each other.

Preferably, the first bearing surface is above the retaining shoulder.

Advantageously, the guidance feature ensures that the exhaust valve remains correctly
aligned so that it is able to either fully open or close the connection between the at least one
exhaust passage and the at least one exhaust port when switching between drilling and flushing
modes respectively. Therefore, ensuring that during flushing there is no contamination of the

hammer and more effective cleaning is possible.

In one embodiment, there is a groove in the exhaust cover surrounding the at least one
exhaust port. Preferably, the groove extends beyond both ends of the at least one exhaust port. The
advantage of the groove is that is creates more space at the opening of the at least one exhaust port
which reduces the level of flow resistance in the system. A further advantage is that the exhaust
ports are not in direct contact with the wall of the hole being drilled which protects the exhaust port
from getting blocked with dirt and debris during the drilling operation. Preferably, the groove has a

curved radius as this prevents dirt getting trapped.

In one embodiment, the angle of the exhaust port is inclined at an angle of 290° with respect
to the longitudinal axis of the drilling assembly that is oriented towards the drill bit. In other words,
290° from the vector A referring to figure 3. The inclination of the exhaust ports helps to streamline
the flow upwardly, therefore reducing the flow resistance. The initial upward boost in velocity to the

flow assists with transporting the cuttings out of the hole.

In one embodiment, the fluid is fed to and is discharged from the working chambers via a
plurality of fluid passages that are formed between the inner surface of the casing and the outer
surface of the control sleeve. Advantageously, the exhaust system as described herein could be
implemented in a drilling machine with a solid piston design, such as that disclosed in patent

application EP 3 409 878.
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Optionally, there is a check valve between the top chamber and the exhaust port.
Preferably, the check valve is made from a deformable rubber or with a spring. The addition of the

check valve has the advantage of preventing contamination of the hammer.

Another aspect of this invention is a drilling apparatus for percussive rock drilling

comprising:

a drill string formed from a plurality of end-to-end coupled drill tubes; and a drilling
assembly as described hereinbefore which is releasably attached at an axially forward end of the drill

string.

Brief description of the drawing

A specific implementation of the present invention will now be described, by way of

example only, and with reference to the accompanying drawings in which:

Figure 1: shows a schematic drawing of a rock drilling rig provided with a DTH rock drilling assembly.

Figure 2: shows a schematic drawing of a DTH drilling assembly at the bottom of a drill hole.

Figure 3: shows a schematic drawing of a cross section of a DTH drilling assembly when in drilling

mode.

Figure 4: shows a schematic drawing of a cross section of a DTH drilling assembly when in flushing

mode.

Figure 5: shows an enlargement of the top end of the cross section of the DTH drilling assembly

when in drilling mode.

Figure 6: shows an enlargement of the top end of the cross section of the DTH drilling assembly

when in flushing mode.

Figure 7: shows an enlargement of the top end of the cross section of the DTH drilling assembly in

drilling mode having a dampening device.

Figure 8: shows a schematic drawing of the top sub.

Figure 9: shows a schematic drawing of the exhaust cover.

Figure 10: shows a schematic drawing of seals surrounding the exhaust port in flushing mode.

Figure 11: shows a schematic drawing of seals surrounding the exhaust port in drilling mode.
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Detailed description

Figure 1 shows a rock drilling rig 1 that comprises a movable carrier 2 provided with a drilling
boom 3. The boom 3 is provided with a rock drilling unit 4 comprising a feed beam 5, a feed device 6
and a rotation unit 7. The rotation unit 7 may comprise a gear system and at least one rotating
motor. The rotation unit 7 may be supported by a carriage 8 with which it is movably supported to
the feed beam 5. The rotation unit 7 may be provided with drill string 9 which may comprise at least
one drilling tube 10 connected to each other, and a DTH drilling assembly 11 at an outermost end of
the drilling equipment 9. The DTH drilling assembly 11 is located in the drilled bore hole 12 during
the drilling.

Figure 2 shows that the DTH drilling assembly 11 comprises an impact device (not shown).
The DTH assembly 11 is cylindrical in shape and has a central axis 2. The impact device is at the
opposite end of the drill string 9 in relation to the rotation unit 7. During drilling, a drill bit 14 is
connected directly to the impact device, whereby percussions P generated by the impact device are
transmitted to the drill bit 14. The drill bit 14 is at least partially accommodated within the bottom
end 44 of the casing 15. The drill string 9 is rotating around its longitudinal axis in direction R by
means of the rotation unit 7 shown in Figure 1 and, at the same, the rotation unit 7 and the drill
string 9 connected to it are fed with feed force F in the drilling direction A by means of the feed
device 6. Then, the drill bit 14 breaks rock due to the effect of the rotation R, the feed force F and
the percussion P. Pressurized fluid is fed from a pressure source PS to the drilling assembly 11
through the drilling tubes 10. The pressurized fluid may be compressed air and the pressure source
PS may be a compressor. The pressurized fluid is directed to influence to working surfaces of a
percussion piston 19 of the drilling assembly and to cause the piston 19 to move in a reciprocating

manner and to strike against impact surface of the drill bit 14.

Figure 2 indicates a top end 42 or axially rearward end of the drilling assembly 11 and

bottom end 44 or axially forward end of the drilling assembly.

Figures 3 and 4 show a cross section of the drilling assembly 11 in drilling and flushing modes
respectively. In these figures the drilling assembly 11 is shown to have a solid piston 19 design as
described in more detail in patent application EP 3 409 878, it should however be understood that
the exhaust assembly disclosed herein could be applied to any other type of DTH drilling assembly
construction. The drilling assembly 11 comprises an elongate casing 15, which may be a relatively
simple sleeve-like frame piece in the form of a substantially hollow cylinder. At a top end 42 of the

casing 15 is mounted a top sub (or connection piece) 80 by means of which the drilling assembly 11
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can be connected to a drill tube (not shown). The top sub 80 is at least partially accommodated
within the top end 42 of the casing 15. The top sub 80 may comprise a threaded connecting surface
23. A drill tube adapter 16 comes above and around the top sub 80 and, the drill tube adapter 16

may also comprise a threated connection surface 17.

The top sub 80 has an inlet port 18 for feeding pressurized fluid to an impact device 13. The
drill tube adapter 16 comprises an air passage 34 (central bore in the drill tube adapter 16) that is
connected to the air supply passage 26 of the top sub 80. The inlet port 18 may comprise a valve
means 18a, which allows feeding of fluid towards the impact device but prevents flow in an opposite
direction. Figure 8 shows a schematic drawing of the top sub 80. At the top end 42 of the top sub 80
is a retaining shoulder 82 which extends axially outwards from the body of the top sub 80 and acts
to retain the top sub 80 to an exhaust cover 46. In some embodiments the top sub 80 has a first
bearing surface 84 towards the top end of the top sub 80, preferably positioned above the retaining
shoulder 82 and a second bearing surface 86 positioned on the opposite side of the retaining
shoulder 82 compared to the first bearing surface 84. The bearing surfaces 84, 86 are substantially
cylindrical, the first bearing surface 84 has splines machined from the cylindrical surface. When
combined the first and second bearing surfaces 84, 86 form a guidance feature which ensures that
the exhaust valve remains correctly aligned so that it is able to either fully open or close the
connection between the at least one exhaust passage and the at least one exhaust port when
switching between drilling and flushing modes respectively. At least one exhaust passage 56 extends
longitudinally through the top sub 80. The exhaust passage 56 connects to a top chamber 21 via at
least one top vent passage 63 and then continues outwardly to engage with the exhaust cover 46.
The top sub 80, moves with respect to the drill string 9, whereas the drill tube adapter 16 and
exhaust cover 46 remain in a fixed position with respect to the drill string 9. The top sub 80 has a
central bore 26 extending longitudinally through for the air supply to pass through. The top sub 80
further comprises at least one exhaust passage 56 which is located outside of the central bore and a
valve 57 located on its periphery towards the exterior of the drilling assembly 11. The top sub 80 is

threaded to the piston casing 15.

The piston 19, which is substantially an elongated cylinder extends axially within the casing
15 and is capable of shuffling back and forth longitudinally through the DTH drilling assembly 11. At a
bottom end 44 of the piston 19 is an impact surface ISA arranged to strike an impact surface ISB at a
top end 42 of a drill bit 14. Optionally, the piston 19 is a solid-core piece, whereby it is without any
through channels or openings in axial and transverse directions. At the top end 42 side of the piston

19 is the top working chamber 21 and at the opposite end side is a bottom working chamber 22.
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Movement of the piston 19 is configured to feed and discharge the working chambers 21, 22 and to

thereby cause the piston 19 to move towards an impact direction A and return direction B.

At the top end 42 of the drilling assembly 11 is an exhaust system 58 which comprises an
exhaust cover 46 and at least one exhaust port 55. The exhaust cover 46 is engaged with the drill
tube adapter 16 by a threaded connection. A retaining ring 25 is positioned between the exhaust
cover 46 and the tube adapter 16 (shown on figure 6) to limit the axial movement of the top sub 80.
The at least one exhaust port 55 extends radially through the exhaust cover 46. The at least one
exhaust port 55 is open to the exterior of the drilling assembly 11. The exhaust cover 46 and the top
sub 80 are connected in a way so that that are able to slide together and apart longitudinally using
an engaging feature, for example this could be done by means of a plurality of splines 88 positioned
on the top sub 80. This means that torque can be transmitted from the exhaust cover 46 to the top
sub 80 from the spline connection (not shown on drawing) or alternative engaging system whilst

axial movement is limited.

The bottom chamber 22 is exhausted from the bottom end 44 of the drilling assembly
through at least one flushing port 59 to remove cuttings from the drill bit face. The bottom chamber
22 is connected to the at least one flushing port 59 via at least one bottom vent passage 64. The top
chamber 21 is fluidly connected to at least one top vent passage 63, which fluidly connects to the at
least one exhaust passage 56 and then the top chamber 21 is exhausted through the at least one

exhaust port 55 positioned in the exhaust cover 46.

The at least one exhaust port 55 is able to open and close when switched between drilling
mode and flushing mode. When the drilling assembly 11 is switched from drilling mode to flushing
mode, the exhaust system 58 is moved forward relative to the drill string 9. The opening and closing
of the at least one exhaust port 55 is enabled by the presence of at least one exhaust valve 57
positioned on the top sub 80. When the drilling assembly 11 is in drilling mode the exhaust system
58 is located next to the drill string 9 and so the exhaust valve 57 is positioned so that the exhaust
ports 55 are open, in other words the at least one exhaust port is in fluid connection with the at least
one exhaust passage 56. When the drilling assembly 11 is in flushing mode the exhaust system 58 is
positioned forward of the drill string 9 and therefore the at least one exhaust valve 57 is positioned
so that the at least one exhaust port 55 is closed. By closing the at least one exhaust port 55 when
the drilling assembly 11 is in flushing mode all the air is directed through the drill bit which improves
the effectiveness of the hole cleaning and prevents contamination of the hammer. The at least one
exhaust ports 55 in the exhaust cover 46 are opened and closed to the exterior of the drilling

assembly 11 by the at least one exhaust valve 57.



10

15

20

25

30

WO 2020/254458 PCT/EP2020/066860

Figure 5 shows an enlargement of the top end 42 of the drilling assembly 11 when in drilling
mode. In drilling mode, the at least one exhaust valve 57 is positioned so that the at least one
exhaust passage 56 and the at least one exhaust port 55 are connected and so the pressurized fluid

is exhausted to the exterior.

Figure 6 shows an enlargement of the top end 42 of the drilling assembly 11 when in
flushing mode. In flushing mode, the at least one exhaust valve 57 is positioned so that the at least
one exhaust port 55 is blocked off from the at least one exhaust passage 56. This means that all the

flushing air is directed through the drill bit.

Figure 7 shows that optionally, a damping device 27 may be added between the top sub 80
and the drill tube adapter 16. The damping device 27 or element must be suitable for absorbing
shock and vibration caused from the drilling operation and could for example be made from an

elastic material such as polyurethane or rubber.

Figures 10 and 11 show an enlargement of the interface between the exhaust cover 46 and
the top sub 80 in flushing and drilling modes respectively wherein at least one seal 81,83,85 is
positioned on both sides of the at least one exhaust port 55. Preferably the seals are scraper /
washer seal type seals. In the example shown in figures 9 and 10, three seals 81, 83, 85 are used. As
shown in figure 10, when in flushing mode and the exhaust port 55 is closed the first seal 81 and the
second seal 83 block off the sides of the exhaust port 55 and the second seal 83 and third seal 85
block off the sides of the exhaust passage 56 to prevent contamination from dirt and debris entering
the drilling assembly 11. As shown in figure 11, when in drilling mode and the at least one exhaust
port 55 is open, the first seal 81 and the second seal 83 block off the sides of the exhaust port 55 and

exhaust passage 56 and in this position the third seal 85 is redundant.

Figure 9 shows the exhaust cover 46. Optionally, there is a groove 90 or indention in the
exhaust cover surrounding the exit of the exhaust port 55. Preferably, the groove 90 extends beyond
both sides of the exhaust port 55 and has a curved radius. Optionally, the angle of the exhaust port
55 isinclined at an angle of 290° with respect to the longitudinal axis 2 of the drilling assembly 11

that is oriented towards the drill bit 14.

Optionally, there is a check valve 65 between the top chamber 21 and the at least one

exhaust port 55. Preferably, the check valve 65 is made from a deformable rubber or with a spring.

10
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Claims

1. Adown the hole drilling assembly (11) having a top end (42) arranged for coupling to a drill

string (9) and a bottom cutting end (44), the drilling assembly (11) comprising:

a drill tube adapter (16) positioned at the top end (42) of the assembly;

an elongate casing (15);

a drill bit (14) at least partially accommodated within the bottom end (44) of the casing (15);

a fluid powered piston (19) arranged moveably inside the casing (15) which is capable of

shuttling axially back and forth;
a top working chamber (21) at the top end side of the piston (19);
a bottom working chamber (22) at the bottom end side of the piston (19);

a top sub (80) comprising a retaining shoulder (82), a plurality of splines (88), at least one
exhaust passage (56) which is engaged to the casing (15), wherein the at least one exhaust passage

(56) is connected to the top chamber (21) via at least one top vent passage (63);

at least one flushing port (59) at the bottom end of the casing (15) which is connected to the

at least one bottom vent passage (64) arranged to vent the bottom chamber (22);

an exhaust system (58) at the top end of the casing (15) comprising an exhaust cover (46)
and at least one exhaust port (55) arranged to vent the top chamber (21) via the at least one exhaust

passage (56),
characterized in that:

the exhaust system (58) is moveable with respect to the drill string (9) and the top sub (80)
comprises an exhaust valve (57) which is capable of opening and closing the connection between the

at least one exhaust passage (56) and the at least one exhaust port (55).

2. The down the hole drilling assembly according to claim 1, wherein the exhaust valve (57) is
positioned such that the connection between the at least one exhaust passage (56) and the at least

one exhaust port (55) is open when the drilling assembly is in drilling mode.

3. The down the hole drilling assembly according to claim 1, wherein the exhaust valve (57) is
positioned such that the connection between the at least one exhaust passage (56) and the at least

one exhaust port (55) is closed when the drilling assembly is in flushing mode.

11
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4. The down the hole drilling assembly (11) according to any of the previous claims wherein there is
an engaging feature, such as a spline connection (24), between the exhaust cover (46) and the top
sub (80) that allows the exhaust cover (46) and top sub (80) to slide longitudinally between a first

position and a second position.

5. The down the hole drilling machine (11), according to any of the previous claims wherein at least

one seal (81, 83, 85) is located on both sides of the at least one exhaust port (55).

6. The down the hole drilling machine (11) according to claim 5, wherein there are a minimum of 3

seals (81, 83, 85).

7. The down the hole drilling machine (11), according to any of the previous claims wherein a

damping device (27) is positioned between the top sub (80) and the drill tube adapter (16).

8. The down the hole drilling machine (11), according to any of the previous claims wherein the top

sub (80) has a guidance feature (82, 86).

9. The down the hole drilling machine (11), according to any of the previous claims wherein there is

a groove (90) in the exhaust cover (46) surrounding the at least one exhaust port (55).

10. The down the hole drilling machine (1), according to any of the previous claims wherein the
angle of the exhaust port (55) is inclined at an angle of 290° with respect to the longitudinal axis (2)

of the drilling assembly (11) that is oriented towards the drill bit (14).

11. The down the hole drilling machine (11), according to any of the previous claims wherein the
fluid is fed to and is discharged from the working chambers (21, 22) via a plurality of fluid passages
(28) that are formed between the inner surface of the casing (15) and the outer surface of the

control sleeve (20).

12. The down the hole drilling machine (11), according to any of the previous claims wherein there is

a check valve (65) between the top chamber (21) and the exhaust port (56).
13. Drilling apparatus for percussive rock drilling comprising:

a drill string (9) formed from a plurality of end-to-end coupled drill tubes; and a drilling
assembly (11) as claimed in any preceding claim releasably attached at an axially forward end of the

drill string.
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