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(57) Abstract: A method for controlling a fluid operated
percussive device, which inside an axially extending cylinder
room (3) of a housing (2) of the percussive device includes a
to and fro moveable percussive piston (1), which is adapted
for performing strikes in a striking direction (A) and which
includes a signal portion (4) for controlling a main valve (5),
which is adapted to intermittently transmit pressure fluid to
at least one driving chamber (7) for the percussive piston. An
auxiliary valve (9) is controlled for transmitting fluid contact
between at least one auxiliary channel means (13,14) with a
channel opening in the cylinder room (3), and the main valve
(5) over the signal portion (4), for switching the main valve
(5) before the percussive piston, in operation, has reached at
least one of said regions. The invention also concerns a per-
cussive device and a rock drilling machine.
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METHOD IN RESPECT OF A PERCUSSIVE DEVICE, PERCUSSIVE DEVICE
AND ROCK DRILLING MACHINE

FIELD OF THE INVENTION

The invention concerns a method for controlling a fluid operated
percussive device and a fluid operated percussive device. The invention also
concerns a rock drilling machine including such a percussive device.

BACKGROUND OF THE INVENTION

From W02006/043866 (Atlas Copco Rock Drills AB) is previously known a
valve controlled hydraulic percussive device which in principle works according to
the following. When the percussive piston has performed a stroke, it is driven
backwardly by hydraulic force supplied to a forward drive face. When the piston
has moved a certain predetermined distance, the so called signal point is
reached. A circumferentially extending groove in the percussive piston which has
previously connected a high pressure channel with a signal conduit of a main
valve at this point instead establishes a connection between the signal conduit
and a draining conduit.

This result in that the spool of the main valve starts to switch and, as seen
in the Figure in said document, move to the right, driven by a permanent, high
pressure on the left driving surface of the valve spool. When the spool thereafter
reaches a central position, the pressure thereby switches on the right side of the
percussive piston from return pressure into high pressure, whereby the
percussive piston is retarded in order to subsequently start a movement in the
striking direction, to the left in the Figure of said document. When the groove in
the piston again reaches the high pressure channel, the signal conduit on the
main valve is again pressurized and the valve spool again starts to switch and
thereby move to the left, as seen in the Figure.

The percussive device is dimensioned such that when the percussive
piston hits the shank adapter, at the striking moment, the spool of the main valve
has reached its central position and the high pressure on the right side of the
percussive piston has again changed into return pressure (or low pressure),

whereon a percussive cycle can be repeated. This previously known percussive
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device works reliably and well, but has a limitation in theoretically reachable
stroke frequency.

It is an aim of the present‘ invention to imprové percussive devices of the
type noted above, which makes operation possible with higher striking frequency

than previously.

SUMMARY OF THE INVENTION

In accordance with a first aspect of the present invention, there is provided
a method for controlling a fluid operated percussion device, which inside an
axially extending cylinder room of a housing of the percussion device includes a
to and fro moveable percussive piston, which is adapted for performing strikes in
a striking direction and which includes a signal portion for controlling a main
valve, which is adapted to intermittently transmit pressure fluid to at least one

driving chamber for the percussive piston,

whereby in the region of a first, rear end position of the percussive piston,
the signal portion establishes a fluid conduit contact for setting the main

valve for driving the percussive piston in the striking direction,

whereby in the region of a second, forward end position of the percussive
piston, the signal portion establishes a fluid conduit contact for setting the
main valve for driving the percussive piston opposite to the striking

direction, and

wherein an auxiliary valve is controlled for transmitting fluid contact from a
first auxiliary channel means having a channel opening in the cylinder
room, to the main valve by having the fluid pass through said channel
opening of the first auxiliary channel means and the signal portion, so as to
switch the main valve before the percussive piston, in operation, has
reached the region of the first, rear end position if the percussive piston,
and thereby before the signal portion has established said fluid conduit
contact for setting the main valve for driving the percussive piston in the

striking direction.
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In a second aspect, the present invention provides A fluid operated
percussion device, which includes inside an axially extending cylinder room of a
housing of the percussion device, a to and fro moveable percussive piston, which
is adaptéd to perform strikes in a striking direction and which includes a signal
portion for controling a main valve, being arranged to intermittently transmit

pressure fluid to at least one driving chamber for the percussive piston,

whereby in the region of a first, rear end position of the percussive piston,
the signal portion is arranged to establish a fluid conduit contact for setting

the main valve for driving the percussive piston in the striking direction, and

whereby in the region of a second, forward end position of the percussive
piston, the signal portion is arranged to establish a fluid conduit contact for
setting the main valve for driving the percussive piston opposite to the

striking direction,

an auxiliary valve, which is controllable for transmitting fluid contact from a
first auxiliary channel means having a channel opening in the cylindef
room, to the main valve by having the fluid pass through, said channel
opening of the first auxiliary channel means and the signal portion, so as to
switch the main valve before the percussive piston, in operation, has
reached the region of the first, rear end position, and thereby before the
signal portion has established said fluid conduit contact for setting the main
valve for driving the percussive piston in the striking direction.

In a third aspect, the invention provides a rock drilling machine with the
previously described percussive device.

With the conventional technology according to the above, the spool
switching time, which is the time period from signal to switched spool, has been
made as short as possible. This time period is influenced by parameters such as
drive surfaces, channel areas, spool weight, spool stroke length. Further, the
percussive piston speed is also given. Considering these parameters, the
smallest possible distance or the signal point from the striking position can be

established. Since the signal point at spool switching, during the movement of

-the piston opposite to the striking direction, for geometrical reasons can not go

below a minimal length and the spool switching time is given, the percussive
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device will be given a shortest stroke length and thereby the percussive device be
given a maximal stroke frequency.

With the valve system according to the background art, it is therefore not
possible, under given conditions, to increase the striking frequency.

Through the invention, wherein an auxiliary valve is included into the
system, this limitation can be avoided, whereby a striking length can be reduced
and the frequency increased. By controlling the auxiliary valve in order to
transmit fluid contact between at least one auxiliary channel means with a
channel port in the cylinder room and the main valve via the signal portion for
switching the main valve before the percussive piston has reached the respective
end region, the switching signal to the main valve can be transmitted earlier
without having to take into account the above mentioned constructional
dimensioning of the percussive device. This results in several advantages which
on the one hand generally concerns the benefit of a higher striking frequency in a
percussive device of this type, on the other hand the possibility of dimensioning
the percussive piston with less weight in respect of its function for achieving high
striking frequencies.

It is preferred that the auxiliary valve is controlled by the pressure in said
drive chamber, whereby it is ensured that the auxiliary valve is switched to the
desired function when the percussive piston is driven in the driving direction for
the respective driving chamber. In particular it is preferred that the auxiliary valve
is controlled by the pressure in a rear drive chamber of the percussive piston
being provided for driving the percussive piston in the striking direction. A

counter-acting return chamber can hereby be permanently pressurized whereas

‘the rear driving chamber in that case is pressurized intermittently.

In particularly it is preferred that the auxiliary valve is controlled in order to
transmit said fluid contact for switching the main valve for the movement of the
percussive piston in the direction of the one as well as the other of said regions,
which means that the fluid contact through the auxiliary valve is transmitted for,
on the one hand, the movement in the striking direction, and on the other hand,
the movement opposite to the striking direction. Hereby is given increased

possibilities of minimizing the stroke length and thereby increasing the frequency.
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Corresponding advantages are obtained through a fluid operated
percussive device according to the invention and further inventive features are

defined in the other dependent claims.

- BRIEF DESCRIPTION OF DRAWINGS

The invention will now be explained in greater detail by way of embodiment
being illustrated on the annexed drawings, wherein:

Figs. 1 - 5 diagrammatically show a percussive device according to the
invention in section in five different positions, and Fig. 6 shows a simplified block

diagram over a method according to the invention.
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DESCRIPTION OF EMBODIMENT

Numeral 1 on Fig. 1 indicates a percussive piston of a fluid operated
percussive device which is shown diagrammatically and, dimensionwise, not
according to scale. The percussive piston 1 is moveable to and fro in a cylinder
room 3 of a housing 2 of the percussive device such that it in a striking direction A
strikes onto, for example, a not shown drill shank or a drill adapter. Fluidum used
is usually a hydraulic fluid such as hydraulic oil.

The percussive piston 1 is in a per se manner provided with a narrower
signal portion 4, which functions as a valve spool, and which is arranged, in given
position of the percussive piston, to transmit fluid conduit contact between
different channels having openings into the cylinder room 3.

In the position shown in Fig. 1, the percussive piston 1 is heading in the
striking direction A, to the left in the Figure, a rear driving chamber 7 being
pressurized with pressure fluid by a main valve spool [beta] of a main valve 5
being in a position where pressure fluid from a not shown pressure source over a
pressure conduit 16 and over channels 18 and 18' is transmitted to the driving
chamber 7. The pressure inside the driving chamber 7 thus exerts a driving force
onto the percussive piston 1 in said striking direction A.

An auxiliary valve 9 with an auxiliary valve spool 10 is actuated by the
pressure in the rear driving chamber 7 through a channel 25, said pressure
pressing the auxiliary valve spool 10 to the left, as seen in the Figure, such that
the pressure conduit 21 and a first auxiliary channel means 13, which opens into
the cylinder room, are in fluid communication with each other. In the shown
position, the channel opening of the first auxiliary channel means 13 has just
opened after this channel opening having been covered by a portion of the
percussive piston 1.

A signal chamber 24 of the main valve 3 has previously, when the
percussive piston 1 was positioned somewhat more to the right than what it is in
the shown position, over a signal conduit 15 been into contact with a draining
conduit 12, which has an opening in the cylinder room 3, for the evacuation of this

signal chamber 24. This has resulted in that the main
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valve spool 6 has been able to move in the direction to the
right, into the position which is shown in Fig. 1, and open
said connection between the pressure conduit 16 and the
conduit 18 and 18’.

In Fig. 2, the percussive piston 1 has been driven
further in the striking direction and entirely uncovered the
channel opening of the first auxiliary channel means 13 in the
cylinder room 3, whereupon high pressure fluid fully can be
transferred over the signal portion 4 through the signal
conduit 15 to the signal chamber 24. Hereby the main valve
spool 6 has moved to the left, as seen in the Figure, and high
pressure to the rear driving chamber 7 has been exchanged into
contact between this chamber and the return conduit 17,
resulting in low pressure in this chamber 7.

The continued movement of the percussive piston 1 in the
striking direction A is now with decreasing pressure in the
rear pressure chamber and with a constant pressure in a
forward driving chamber 8. The percussive device 1is
dimensioned such that the high speed moving percussive piston
1 with unreduced speed is allowed to move all the way forward
to the striking position, before it has experienced any
retardation because of changed force relations onto the
percussive device. This is possible because of the prevailing
inertia in the system which has been mentioned above, viz the
setting speed for the main valve spool 6, resistance in
conduits and channels etc.

In the position shown in Fig. 2, the auxiliary valve
spool 10 is no longer actuated by a high pressure in the
direction to the left in its right chamber but only by the
pressure against a piston portion of the auxiliary valve spool
10 inside a permanent pressure chamber, which is in connection
with the pressure conduit 19, for resetting the auxiliary

valve spool 10 to its right position, which has been reached
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in the position shown in Fig. 3 for the auxiliary valve spool
10, whereby high pressure is not any longer transmitted to the
first auxiliary channel means 13, but instead the second
auxiliary channel means 14 is connected to a draining conduit
22. A draining conduit 20 provides for draining a ring surface
of the auxiliary valve spool 10.

Fig. 3 shows further the percussive device when the
percussive piston 1 has reached further in the striking
direction and is close to the striking position. The
percussive piston is now positioned in the area of a second,
forward end position or the percussive piston, whereby a
permanently pressurized pressure conduit 11 is connected to
the signal conduit 15 over the signal portion 4. The main
valve 1is in the same position as in Fig. 2. In this region the
percussive piston performs its strike.

In Fig. 4 the percussive piston, because of the
permanently pressurized forward driving chamber 8, has after
the strike been driven in the direction opposite to the
striking direction and reached a position where the second
auxiliary channel means 14 is uncovered. This results in that
the signal chamber 24 is drained over the signal conduit 15,
the signal portion 4 and said second auxiliary channel means
14. Hereby the main valve spool 6 has been reset because of
the permanent pressure in the chamber 23 on the left side of
the slide and moved, as shown on Fig. 4, to the right in order
to allow high pressure now to be transmitted to the rear
driving chamber 7. This pressure in the rear driving chamber 7
will also actuate the auxiliary valve spool 10 for switching
it to the left, as seen in the Figure, for closing the
connection between a draining conduit 22 and the second
auxiliary means 14 (this has not yet occurred in the position
which is shown on Fig. 4). The percussive piston 1 now

experiences a pressure increased in the rear diving chamber 7
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and will decelerate in its movement but continue further a
distance opposite to the working direction.

In Fig. 5 the percussive piston 1 has reached a position
in the region of a first, rear end position of the percussive
piston, where the signal conduit 15 has been put in connection
with the permanent draining conduit 12. The main valve is in
the same position as in Fig. 4, whereas the auxiliary valve,
because of the pressure in the rear diving chamber 7, has been
reset for blocking the connection between the draining conduit
22 and the second auxiliary channel means 14 and instead the
first auxiliary channel means 13 has come into connection with
the pressure conduit 21.

The percussive piston 1 will continue to decelerate and
switch into movement in the striking direction in order to
again reach the position which is shown in Fig. 1 for
repeating the striking movement.

With reference to Fig.6 is now described a method
sequence for controlling a percussive device.

Position 30 indicates the start of the sequence.

Position 31 indicates that the percussive piston 1 has
reached the position in Fig. 1 with pressurizing of the rear
driving chamber 7.

Position 32 indicates that the percussive piston 1 has
reached the position in Fig. 2, that the pressure transmitted
over the auxiliary valve 10 allows resetting the main valve 5
such that the rear driving chamber 7 is connected to return
pressure.

Position 33 indicates that the percussive piston 1 has
reached the position in Fig. 3 that is the region of a forward
end position, wherein the pressure in the signal chamber 24 of
the main valve 5 is maintained through the connection with a
permanently pressurized pressure conduit and the signal

portion.
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Position 34 indicates that the percussive piston 1 has
reached the position in Fig. 4, whereby the signal chamber 24
is drained. The main valve spool 6 is switched thereby in
order to allow high pressure to start to be transmitted to the
rear driving chamber.

Position 35 indicates that the percussive piston 1 has
reached the position in Fig. 5, wherein the signal chamber 24
continues to be drained, the pressure increases in the rear
driving chamber 7, the percussive piston 1 switches and moves
in the striking directions A for repeating the striking cycle.

Position 36 indicates the end of the sequence.

The invention can be modified in the scope of the
following claims. A solution can thus be envisaged where only
one of the first and the second auxiliary channel means exist.
It can also be envisaged that the percussive device is of the
kind having intermittent pressurizing of a rear as well as of
a forward driving chamber or having permanent pressurizing of
the rear driving chamber and intermittent pressurizing of a
forward driving chamber.

The arrangement for transmitting signals to the main
spool can be different with signal channels to both sides of
the main valve spool or signal transfer to the other side of
the main valve spool. The arrangement with high pressure in
conduit 11 and draining pressure in conduit 12 can be
reversed.

Analogously with these variants and modifications, the
auxiliary valve can be arranged otherwise and its output
conduits be drawn differently and with the reverse function.

It is important to note that through the arrangement of
the invention with an auxiliary wvalve, the switching signal to
a main valve can be transmitted earlier than what is the case
with the background part. This gives the possibility of having
very short stroke lengths and thereby very high striking
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frequencies of a device according to the invention. As an
example, at least a 50% frequency increase can be readily
accomplished with simple means. Even greater frequency
increases can be achieved.

Altogether, the signal for switching the main valve in
the striking direction is thus lying closer to a rear end
position for the percussive piston valve than is the case with
a background art, whereas the signal for switching opposite to
the striking direction is positioned closer to the striking
position than what is the case of the background art.

Further, modifications can be had such as for example,
which is per see known, to position a main valve spool
coaxially with and surrounding a portion of the percussive

piston.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method for controlling a fluid operated percussion device, which inside
an axially extending cylinder room of a housing of the percussion device includes
a to and fro moveable percussive piston, which is adapted for performing strikes
in a striking direction and which includes a signal portion for controlling a main
valve, which is adapted to intermittently transmit pressure fluid to at least one

driving chamber for the percussive piston,

whereby in the region of a first, rear end position of the percussive piston,
the signal portion establishes a fluid conduit contact for setting the main valve for

driving the percussive piston in the striking direction, and

whereby in the region of a second, forward end position of the percussive
piston, the signal portion establishes a fluid conduit contact for setting the main

valve for driving the percussive piston opposite to the striking direction,

wherein an auxiliary valve is controlled for transmitting fluid contact from a
first auxiliary channel means, the first auxiliary channel means having a channel
opening in the cylinder room, to the main valve by having the fluid pass through
said channel opening of the first auxiliary channel means and the signal portion,
so as to switch the main valve before the percussive piston, in operation, has
reached the region of the first, rear end position of the percussive piston, and
thereby before the signal portion has established said fluid conduit contact for

setting the main valve for driving the percussive piston in the striking direction.

2. A method according to claim 1, wherein the auxiliary valve is controlled by

the pressure in said driving chamber.

3. A method according to claim 1, wherein the main valve is controlled
through a pressure signal being transmitted by the signal portion in forward

positions as seen in the striking direction of the percussive piston.
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4, A method according to claim 1, wherein in the region of the first, rear end
position of the percussive piston, the signal portion establishes a fluid conduit

contact between a draining conduit and the main valve.

5. A method according to claim 1, wherein the auxiliary valve is controlled for
transmitting fluid contact also between a second auxiliary channel means, having
a channel opening in the cylinder room, and the main valve over said channel
opening of the second auxiliary channel means and the signal portion, for
switching the main valve, before the percussive piston, in operation, has reached
the region of the second, forward end position of the percussive piston, and
thereby before the signal portion has established said fluid conduit contact for
setting the main valve for driving the percussive piston opposite to the striking

direction.

6. A method for controlling a fluid operated percussion device, which inside
an axially extending cylinder room of a housing of the percussion device includes
a to and fro moveable percussive piston, which is adapted for performing strikes
in a striking direction and which includes a signal portion for controlling a main
valve, which is adapted to intermittently transmit pressure fluid to at least one

driving chamber for the percussive piston,

whereby in the region of a first, rear end position of the percussive piston,
the signal portion establishes a fluid conduit contact for setting the main valve for

driving the percussive piston in the striking direction, and

whereby in the region of a second, forward end position of the percussive
piston, the signal portion establishes a fluid conduit contact for setting the main

valve for driving the percussive piston opposite to the striking direction,

wherein an auxiliary valve is controlled for transmitting fluid contact from an
auxiliary channel means, the auxiliary channel means having a channel opening
in the cylinder room, to the main valve by having the fluid pass through said
channel opening of the auxiliary channel means and the signal portion, so as to

switch the main valve before the percussive piston, in operation, has reached the
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region of the second, forward end position of the percussive piston, and thereby
before the signal portion has established said fluid conduit contact for setting the

main valve for driving the percussive piston opposite to the striking direction.

7. A method according to claim 6, wherein the auxiliary valve is controlled by

the pressure in said driving chamber.

8. A method according to claim 6, wherein the main valve is controlled
through a pressure signal being transmitted by the signal portion in forward

positions as seen in the striking direction of the percussive piston.

9. A method according to claim 6, wherein in the region of the second,
forward end position of the percussive piston, the signal portion establishes a fluid

conduit contact between a pressure conduit and the main valve.

10. A fluid operated percussion device which includes, inside an axially
extending cylinder room of a housing of the percussion device, a to and fro
moveable percussive piston, which is adapted to perform strikes in a striking
direction and which includes a signal portion for controlling a main valve, being
arranged to intermittently transmit pressure fluid to at least one driving chamber

for the percussive piston,

whereby in the region of a first, rear end position of the percussive piston,
the signal portion is arranged to establish a fluid conduit contact for setting the

main valve for driving the percussive piston in the striking direction, and

whereby in the region of a second, forward end position of the percussive
piston, the signal portion is arranged to establish a fluid conduit contact for setting

the main valve for driving the percussive piston opposite to the striking direction,

wherein an auxiliary valve which is controllable for transmitting fluid contact
from a first auxiliary channel means, the first auxiliary channel means having a
channel opening in the cylinder room, to the main valve by having the fluid pass

through, said channel opening of the first auxiliary channel means and the signal
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portion, so as to switch the main valve before the percussive piston, in operation,
has reached the region of the first, rear end position of the percussive piston, and
thereby before the signal portion has established said fluid conduit contact for

setting the main valve for driving the percussive piston in the striking direction.

11. A percussion device according to claim 10, wherein the auxiliary valve is

controllable with the aid of the pressure in said driving chamber.

12. A percussion device according to claim 11, wherein the auxiliary valve is
controllable by means of the pressure in a rear driving chamber for driving the

percussive piston in the striking direction.

13. A percussion device according to claims 10 to 12, wherein the main valve
is controllable through a pressure signal transmitted by the signal portion in

forward positions of the percussive piston seen in the striking direction.

14. A percussion device according to claims 10 to 12, wherein the main valve
is controllable by a release of pressure transmitted by the signal portion in

retracted positions of the percussive piston, as seen in the striking position.

15. A percussion device according to claim 10 to 14, wherein said channel
opening of said first auxiliary channel means is located in a position at an axial
distance before the region of the first, rear end of the percussive piston, as seen
in a movement direction of the percussive piston towards said region of the first,

rear end position of the percussive piston.

16. A percussion device according to claim 10 to 15, wherein in the region of
the first, rear end position of the percussive piston, a draining conduit is arranged,
wherein the signal portion is arranged to establish a fluid conduit contact between

the draining conduit and the main valve.

17. A percussion device according to claim 10 to 16, including means for
controlling the auxiliary valve such that said first auxiliary channel means will be

transmitting when the percussive piston is driven in a direction towards said first,
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rear end position of the percussive piston belonging to the first auxiliary channel

means.

18. A rock drilling machine, including a percussion device according to any

one of claims 10 to 17.

19. A device according to claim 10, wherein the auxiliary valve is controllable
for also transmitting fluid contact between a second auxiliary channel means
having a channel opening in the cylinder room and the main valve, over said
channel opening of the second auxiliary channel means and the signal portion, for
switching the main valve before the percussive piston, in operation, has reached
the region of the second, forward end position of the percussive piston, and
thereby before the signal portion has established said fluid conduit contact for
setting the main valve for driving the percussive piston opposite to the striking

direction.

20. A fluid operated percussion device which includes, inside an axially
extending cylinder room of a housing of the percussion device, a to and fro
moveable percussive piston, which is adapted to perform strikes in a striking
direction and which includes a signal portion for controlling a main valve, being
arranged to intermittently transmit préssure fluid to at least one driving chamber

for the percussive piston,

whereby in the region of a first, rear end position of the percussive piston,
the signal portion is arranged to establish a fluid conduit contact for setting the

main valve for driving the percussive piston in the striking direction, and

whereby in the region of a second, forward end position of the percussive
piston, the signal portion is arranged to establish a fluid conduit contact for setting

the main valve for driving the percussive piston opposite to the striking direction,

wherein an auxiliary valve which is controllable for transmitting fluid contact
from an auxiliary channel means, the auxiliary channel means having a channel

opening in the cylinder room, to the main valve by having the fluid pass through
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said channel opening of the auxiliary channel means and the signal portion, so as
to switch the main valve before the percussive piston, in operation, has reached
the region of the second, forward end position of the percussive piston, and
thereby before the signal portion has established said fluid conduit contact for
setting the main valve for driving the percussive piston opposite to the striking

direction.

21. A percussion device according to claim 20, wherein the auxiliary valve is

controllable with the aid of the pressure in said driving chamber.

22. A percussion device according to claim 21, wherein the auxiliary valve is
controllable by means of the pressure in a rear driving chamber for driving the

percussive piston in the striking direction.

23. A percussion device according to claim 20, wherein the main valve is
controllable through a pressure signal transmitted by the signal portion in forward

positions of the percussive piston seen in the striking direction.

24. A percussion device according to claim 20, wherein the main valve is
controllable by a release of pressure transmitted by the signal portion in retracted

positions of the percussive piston, as seen in the striking position.

25. A percussion device according to claim 20, wherein said channel opening
of said auxiliary channel means is located in a position at an axial distance before
the-region of the second, forward end position of the percussive piston, as seen in
a movement direction of the percussive piston towards the region of the second,

forward end position of the percussive piston.

26. A percussion device according to claim 20, wherein in the region of the
second, forward end position of the percussive piston, a pressure conduit is
arranged, whereby the signal portion is arranged to establish a fluid conduit

contact between the pressure conduit and the main valve.
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27. A percussion device according to claim 20, including means for controlling
the auxiliary valve such that the auxiliary channel means will be transmitting when
the percussive piston is driven in a direction towards the second, forward end

position of the percussive piston belonging to the auxiliary channel means.

28. A rock drilling machine, including a percussion device according to claim
20.
ATLAS COPCO ROCK DRILLS AB

WATERMARK PATENT AND TRADE MARKS ATTORNEYS

P32159AU00



WO 2008/103095 PCT/SE2008/000054

1/6
Fig. 1 6\]‘ / 24

SR f%"@l\&\

/7» S— /“J
%N% e N 1(\\\ N

. A 8

7= /‘
//”
/|
2 3 4
| 14—

NN \\\\ SRS

/,/ A j} y L
g . 11—
7 7 zill g qi verr=all
AN
| \\\\ )
\ AN N
\
AN
19 P 20D 21 P 22''D

SUBSTITUTE SHEET (RULE 26)



WO 2008/103095

2/6

PCT/SE2008/000054

Fig. 2 6~ 24
AN | 7
OO NN
S|y
/—/ﬁ;\ SNONNANN \%ﬁ\
vy ﬁ\_( ﬁ%r }_‘\\ q
><\16|\|§ 171 RR* 18’
23 N AN N \\\\ \\_15 T

12

M

y_EIN

A

Y

19° P

20

D

21

D
SUBSTITUTE SHEET (RULE 26)

P 22




WO 2008/103095

Fig.

AN
\ N

3/6

PCT/SE2008/000054

o

3 . 6\ 24
| | /
NN \
\\\f\l
& AN AN Q\\ AN \IN\ Q1 > // /_\_/18
s Lo~ r}r( ?\Qr §\r ﬂ\ = //?
’ N ]
SRR RN ][
237 N N NN x T

7

SN

. .

A

)

13~/\ 14— 9 10
\\\ A N \ N /
N \
7// Yo 4 \I\ i L
4 % — I
1 ‘ N
| | N
AN N \ |
19' 'p 200D 21''p " 22'p

SUBSTITUTE SHEET (RULE 26)



WO 2008/103095 PCT/SE2008/000054

Fig. 4 4/6 24

N\ Qé |
\ N
///L— =D &* = R @«;} ] 28

19° P 200D 21 P 22
SUBSTITUTE SHEET (RULE 26)



WO 2008/103095

PCT/SE2008/000054

2\
/

19° P

20

D

P

22 |
SUBSTITUTE SHEET (RULE 26)




WO 2008/103095 PCT/SE2008/000054

6/6

32

33

F-z:jé



