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(57) Abrege/Abstract:

"he Invention relates to a control valve, a percussion device and a method of controlling a working cycle of a percussion device.
"he percussion device (1) used for breaking rock comprises an impact element (8), which iIs controlled by a control valve (2). The
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(57) Abrege(suite)/Abstract(continued):

control valve comprises a control element (5), which Is arranged to control channels (7b) leading to a working pressure surface (9)
of the iImpact element (8). The movement of the control element to its extreme position Is arranged to form a closed pressure
space, where pressure medium compresses and converts kinetic energy of the control element into pressure energy. The pressure
energy Is re-converted into kinetic energy and utilized when the control element changes its direction.
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(57) Abstract: The invention relates to a control valve, a percussion device and a method of controlling a working cycle of a per-

& cussion device. The percussion device (1) used for breaking rock comprises an impact element (8), which is controlled by a control

N yalve (2). The control valve comprises a control element (5), which is arranged to control channels (7b) leading to a working pres-
sure surface (9) of the impact element (8). The movement of the control element to its extreme position is arranged to form a closed
pressure space, where pressure medium compresses and converts kinetic energy of the control element into pressure energy. The
pressure energy is re-converted into kinetic energy and utilized when the control element changes its direction.
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Control valve in a percussion device and a method comprising a closed
pressure space at the end position of the piston.

BACKGROUND OF THE INVENTION

[0001] The invention relates to a control valve, which is movable
back and forth and arranged to open and close pressure channels leading to a
percussion device. Furthermore, the invention relates to a method of control-
ling a working cycle of a percussion device, and to a percussion device for
breaking rock. |

[0002] In rock breaking, percussion hammers and rock drills are
used that are equipped with a percussion device for giving impact pulses to the
rock through a tool. The percussion device comprises an impact element, such
as an impact piston, whose working pressure surfaces can be affected by a
pressure medium, the impact element being arranged to produce the neces-
sary impact pulses. The pressure medium that acts on the impact element can
be guided by a control valve, which is connected to open and close pressure
medium channels. It has been found that particularly when the control valve
has to be able to open and close very fast, a high amount of kinetic energy
binds to the valve due to the valve mass and velocity. Thus a problem associ-
ated with existing control valves is that their use requires a high amount of
pOwWer.

BRIEF DESCRIPTION OF THE INVENTION

[0003] The object of the invention is to provide a novel and im-
proved control valve and percussion device and a method for implementing a
working cycle of a percussion device.

[0004] The control valve of the invention is characterized In that
when the control element is moved in a first control direction from the middle
position towards a first extreme position, the second working pressure space is
arranged to close and form a closed pressure space, and correspondingly,
when the control element is moved in the second control direction from the
middle position towards a second extreme position, the first working pressure
space is arranged to close and form a closed pressure space; thai the pres-
sure medium in the closed pressure space is arranged to compress and con-
vert kinetic energy of the control element into pressure energy; and that the
pressure energy in the closed pressure space is arranged to be re-converted
into kinetic energy when the control element changes its direction.
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[0005] The method according to the invention is characterized by
forming a closed pressure space in a second working pressure space when
the control element is moved in the first control direction towards the extreme
position; by forming a closed pressure space in the first working pressure
space when the control element is moved in the second control direction to-
wards the extreme position; by compressing the pressure medium in the
closed pressure space and converting kinetic energy of the control element
into pressure energy, and by re-converting the pressure energy in the closed
pressure space into kinetic energy when the control element changes Its direc-
tion.

[0006] The percussion device according to the invention is charac-
terized in that when the control element of the control valve is moved In the
first control direction from the middle position towards a first extreme position,
the second working pressure space is arranged to close and form a closed
pressure space, and correspondingly, when the control element is moved In
the second control direction from the middle position towards a second ex-
treme position, the first working pressure space is arranged to close and form
a closed pressure space; that the pressure medium in the closed pressure
space is arranged to compress and convert kinetic energy of the control ele-
ment into pressure energy; that the pressure energy in the closed pressure
space is arranged to be re-converted into kinetic energy when the control ele-
ment changes its direction; and that the control valve is arranged to execute its
working cycle without external control.

[0007] The basic idea underlying the invention Is that a control valve
includes a control element, which can be moved back and forth in a first control
direction and in a second control direction and which is arranged to guide
pressure medium flows to be led through the control valve to one or more
working pressure surfaces of an impact element or away from them. Further-
more, a closed pressure space is arranged to be formed in the control valve
both in the first and in the second control direction when the control element
approaches its extreme positions. In that case, the pressure medium in the
closed pressure space compresses and stores kinetic energy of the control
element as pressure energy. The pressure energy is re-converted info kinetic
energy when the control element changes its direction at its extreme positions.

[0008] An advantage of the invention is that the valve requires no
external control but the valve may repeat its working cycle as long as pressure
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medium is fed into it. Thus the controlling of the percussion device working
cycle is simple. Furthermore, the structure of the control valve may be rela-
tively simple. A further advantage of the control valve according to the inven-
tion is that the power needed to operate the control valve may be relatively low
regardless of the fact that the operating frequency of the control valve is high.

[0009] The basic idea underlying an embodiment of the invention is
that the control element is arranged to open two or more parallel pressure me-
dium channels substantially simultaneously when the control element is moved
in the first control direction and/or in the second control direction. In that case,
the pressure medium can flow along two or more channels to one or more
working pressure surfaces of the percussion device to produce an Impact
pulse. The flow direction of the pressure medium is the same in parallel chan-
nels. In addition, in some embodiments of the percussion device, the pressure
medium can be guided away from the working surface of the percussion de-
vice by means of the control element along several parallel channels into a
discharge channel, as a result of which an impact pulse is produced.

[0010] The basic idea underlying an embodiment of the invention is
that one back and forth movement of the control element, i.e. one working cy-
cle, is arranged to open and close pressure medium channels so that several
impact pulses per one working cycle of the valve are produced in the percus-
sion device. For example, the percussion device may be arranged to produce
2, 4 or 6 impact pulses per a working cycle of the control valve. When the
working cycle of the control valve includes several connecting moments, the
operating frequency of the valve may be several times lower than the operating
frequency of the percussion device. At a connecting moment, the pressure
medium flow may be arranged in one direction towards the percussion device
or away from it. Alternatively, at the connecting moment, the pressure medium
may be arranged to flow towards the percussion device along first channels
and away from the percussion device along second channels. Thus the control
valve is arranged to open a connection between two or more pressure medium
channels at the connecting moment.

[0011] The basic idea underlying an embodiment of the invention is
that the control valve comprises a frame and a sleeve-like control element. The
control element is arranged in a space in the frame and it can be moved in the
control direction. Several working pressure surfaces are provided on the outer
periphery of the control element, which are located in the working pressure
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spaces surrounding the control element. The control element can be moved by
affecting the pressure of the pressure medium in the working pressure spaces,
which also affects the pressure acting on the working pressure surfaces. In
addition, the control element comprises one or more apertures extending from
the outer surface of the sleeve to its inner surface. By moving the control ele-
ment, the apertures can be directed at the pressure medium channels provided
in the frame and away for guiding pressure medium flows.

[0012] The basic idea underlying an embodiment of the invention Is
that there is a shoulder on the outer periphery of the control element, which Is
arranged to open and close the connection from the working pressure spaces
of the control element to the discharge channel when the control element Is
moved. Furthermore, the movement of the control element in a control direc-
tion is arranged to open and close a connection from the first control pressure
channel to the first working pressure space. Correspondingly, the movement of
the control element in a control direction is arranged to open and close a con-
nection from a second pressure control channel to a second working pressure
space. There are recesses provided on the outer periphery of the sleeve on
both sides of the shoulder. Thanks to the recesses, the volume of the working
pressure spaces is greater, in which case a larger amount of pressure energy
can be stored in them.

[0013] The basic idea underlying an embodiment of the invention is
that a frame portion is arranged inside the sleeve-like control element. The
frame portion is provided with auxiliary spaces, which are connected to the
working pressure spaces by means of connecting channels. The purpose of
the auxiliary spaces is o increase the volume of the working pressure spaces.
When the working pressure spaces have a sufficiently great volume, a suffi-
cient amount of pressure energy can be stored in them, which can be utilized
for moving the control element.

[0014] The basic idea underlying an embodiment of the invention is
that the control element is an elongated object, which is moved back and forth
longitudinally.

[0015] The basic idea underlying an embodiment of the invention is
that the control element comprises a periphery or a portion of a periphery and
that the control element is moved back and forth in the direction of the periph-

ery.
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[0016] The basic idea underlying an embodiment of the invention is
that a substantially constant pressure medium pressure is fed into the control
pressure channels of the control valve.

[0017] The basic idea underlying an embodiment of the invention is
that the pressure medium is hydraulic fluid.

BRIEF DESCRIPTION OF THE FIGURES

[0018] The invention will be described in greater detail in the ac-
companying drawings, in which

Figure 1 is a schematic cross-sectional view of a percussion device
in a situation where a percussion piston is about to be returned for a new
stroke,

Figure 2 is a schematic cross-sectional view of the percussion de-
vice of Figure 1 in a situation where a percussion piston starts an impact
movement,

Figure 3 is a schematic cross-sectional view of a control valve ac-
cording to the invention,

Figure 4 is a schematic cross-sectional view of another control valve
according to the invention, |

Figure 5 is a schematic cross-sectional view of a percussion device
where a sudden discharge of pressure medium from a pressure surface of an
impact element is arranged to produce an impact pulse, and

Figure 6 schematically illustrates part of a control valve of the inven-
tion from one end, where the control element of the control valve is an object
that can be moved back and forth in the direction of the periphery.

[0019] For the sake of clarity, the figures show the invention In a
simplified manner. Like reference numbers identify like elements.

DETAILED DESCRIPTION OF THE INVENTION

[0020] Figures 1 and 2 illustrate the structure and operating princi-
ple of a percussion device 1. In this case, the percussion device'1 comprises a
percussion piston 8a, which can be moved back and forth in an impact direc-
tion A and in a return direction B by means of pressure medium and whose
impact surface 18 is arranged to strike a tool 17 provided in front of the impact
piston 8a and produce an impact pulse in the tool 17 for breaking rock. The
impact piston 8a thus functions as an impact element 8 which produces impact
pulses. A working cycle of the impact piston 8a can thus be controlled by con-
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trolling the pressure medium in a pressure space 20 affecting the impact piston
8a by means of a control valve 2. [n some embodiments, it is also possible to
control the pressure acting on other pressure spaces, e.g. pressure space 11.
The pressure medium is typically hydraulic fluid.

[0021] In Figure 1, the impact piston 8a has just struck the tool 17
and the impact piston 8a is about to be returned for a new stroke in the return
direction B. The control valve 2 has opened a connection from the pressure
space 20 at the rear end of the impact piston 8a to a channel 7c leading to a
tank, in which case substantially no pressure medium pressure acts on the
working pressure surface 9 at the rear end of the impact piston 8a. There is a
connection from a pressure source 30 to a pressure space 11 around the Im-
pact piston 8a through a channel 10, in which case the pressure of the pres-
sure medium acts on working surfaces 12a to 12c of the impact piston 8a,
which are dimensioned so that the impact piston 8a starts the return movement
in direction B.

[0022] In Figure 2, the impact piston 8a is about to start an impact
movement in the impact direction A. The control valve 2 has opened a connec-
tion from channel the 7a to the channel 7b and further to the pressure space
20, in which case the pressure of the pressure medium fed from the pressure
source 30 acts on the working pressure surface 9. The working pressure sur-
faces in the impact direction A are clearly larger than the working pressure sur-
faces acting on the impact piston 8a in the return movement B, in which case
the impact piston 8a starts to move towards the tool 17 with high acceleration
and strikes it. In the solutions shown in Figures 1 and 2, the position of the im-
pact piston can be detected by suitable means, and the detection information
can be used for controlling the working cycle of the impact piston.

[0023] It is completely clear to a person skilled in the art that the
percussion device 1 can also be implemented differently from what is exempli-
fied in Figures 1 and 2. The impact element 8 may comprise various shoulders
and working pressure surfaces. Furthermore, the control valve 2 may be ar-
ranged to guide pressure medium to all working pressure surfaces or only to
some working pressure surfaces.

[0024] Figure 3 illustrates an embodiment of the control valve 2 ac-

cording to the invention. The means related to the use of the control valve 2
may be arranged Iin an operating part 90 formed in the first end of the valve,
and the means related to the controlling of the pressure medium, i.e. connect-
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ing means, may be arranged in a control part 91 formed in the second end of
the valve. The control valve 2 comprises a frame 3 and a control element 5.
The control element 5 may be an elongated sleeve-like object, which can be
moved in the axial direction with respect to the frame 3. The control element 5
may comprise a first working pressure surface 60, which acts in direction A
and is connected to a first working pressure space 61 of the control valve 2.
Furthermore, the control element 5 may comprise a second working pressure
surface 62, which acts in direction B and is connected to a second working
pressure space 63 of the control valve 2. The outer periphery of the control
element 5 may be provided with a shoulder 64, which may open or close a
connection from the working pressure spaces 61, 63 to a discharge channel 65
when the control element 5 is moved in the axial direction. In addition, the
movement of the control element 5 in the axial direction is arranged to open
and close a connection from a first control pressure channel 66 to the first
working pressure space 61. Correspondingly, the control element 5 may be
arranged to open and close a connection from a second control pressure
channel 67 to the second working pressure space 63. As appears from Figure
3, there may be recesses on both sides of the shoulder 62 on the outer pe-
riphery of the sleeve. Thanks to the recesses, the volume of the working pres-
sure spaces 61 and 63 is greater. In addition, the working pressure spaces 61
and 63 may be connected to auxiliary spaces 70 and 71 optionally formed in
the frame portion 3a inside the sleeve through connecting channels 68 and 69.
The purpose of the auxiliary spaces 70 and 71 is to increase the volume of the
working pressure spaces 61 and 63. In some cases, only the recesses 30 pro-
vided in the control element 5, or alternatively only the auxiliary spaces 70, 71,
may sufficiently increase the volume of the working pressure spaces 61, 63.
When the working pressure spaces 61, 63 have a sufficiently great volume,
pressure energy can be stored in them for use in the axial movement of the
control element 5, as will be described later. Figure 3 shows the control ele-
ment 5 in a middle position, from which it can be moved in direction A to its first
extreme position and correspondingly in direction B to its second extreme posi-
tion. Thus the control element 5 can perform a control function in both extreme
positions as well as in the middle position.

[0025] The control element 5 according to Figure 3 may include
several parallel discharge channels 72a to 72c, along which pressure medium
can flow from the percussion device 1 to a channel 73 leading to a tank when
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the control element 5 is in the middle position. If the control element 5 is
moved from the middle position in direction A or B, the connection from the
parallel discharge channels 72a to 72c to channel 73 will be closed. At the
same time, a connection opens from the pressure channel 74 to a working
pressure channel 75a or 75b. Consequently, the working cycle of the control
valve 2 shown in Figure 3 comprises several connecting moments. When the
control valve 2 of Figure 9 moves from the first extreme position to the second
extreme position, two control functions may take place during this one-way
movement from left to right: in the first extreme position the pressure medium
can flow to the percussion device 1 along the pressure medium channel 75a;
in the middle position the pressure medium can flow away from the percussion
device 1 along the parallel discharge channels 72a to 72c into the tank; and in
the second extreme position pressure medium is fed into the percussion de-
vice 1 along the channel 75b. The control valve 2 may be connected to the
percussion device 1 so that one axial movement of the control element 5 in
direction A or B produces one impact pulse in the percussion device 1. In that
case, the operating frequency of the percussion device 1 may be double com-
pared to the operating frequency of the control valve 2. If the working cycle of
the control valve is provided with several connecting moments, even a higher
number of strokes can be produced in the percussion device per one working
cycle of the control valve 2. In that case, the ratio of the operating frequency of
the control valve 2 may be even smaller compared to the impact frequency of
the percussion device 1, for example one fourth, one sixth, etc. The number of
parallel discharge channels 72a to 72c which open substantially simultane-
ously can be selected so that the parallel channels together form a sufficiently
large cross section area, which allows quick conveyance of the necessary flow
through the valve.

[0026] The control valve 2 illustrated in Figure 3 may be arranged to
change its position independently without any external control. When the con-
trol element 5 is in the first extreme position, i.e. has moved to the left, the
second working pressure space 63 is connected to the second control pres-
sure channel 67. Since in this case the first working pressure space 61 is con-
nected to the discharge channel 65, a force acts on the control element 5, try-
iIng to move the element in direction B. At the same time, pressure energy is
stored Iin the second working pressure space 63 and in the auxiliary space 71
belonging to it. When the control element 5 moves from the extreme position
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d0 in direction B to a predetermined point dp, the connection from the second
control pressure channel 67 to the second working pressure space 63 is
closed. In this situation, the connection from the second working pressure
space 63 to the discharge channel 65 is still closed. The pressure energy
stored in the second working pressure space 63 makes the control element 5
continue its movement in direction B. This means that the compressed pres-
sure medium in the second working pressure space 63 expands so that the
pressure energy is converted into kinetic energy. When the control element 5
reaches the predetermined point dt, the shoulder 64 opens a connection from
the second working pressure space 63 to the discharge channel 65. When the
control element 5 moves further in direction B past the middle position, the
shoulder 64 closes the connection from the first working pressure space 61 to
the discharge channel 65. As a result of this, the pressure rises in the first
working pressure space 61 as the control element 5 moves further to the right.
When the control element 5 continues moving in direction B, a connection
opens from the first working pressure space 61 to the first control pressure
channel 66. In that case, some of the pressure medium acting on the first
working pressure space 61 may penetrate into the first control pressure chan-
nel 66. The kinetic energy of the control element 5 decreases constantly as the
control element moves towards its extreme position. Finally, the force acting on
the first working pressure surface 60 of the control element 5 stops the control
element 5 and makes it change its direction. Then the control element 5 starts
to accelerate its speed in the opposite direction A. Since the structure and
function of the control valve are symmetric in both directions, the steps de-
scribed above are repeated. The control element 5 continues the back and
forth movement without external control as long as pressure medium is fed into
the control pressure channels 66 and 67.

[0027] In the control valve 2 according to the invention, the move-
ment of the control element 5 in the extreme positions can be dampened by
closed pressure spaces. Thus the control element 5 is not stopped mechani-
cally, and thanks to this, the axial surfaces of the frame 3 and the control ele-
ment 5 are not subjected to wearing mechanical stress.

[0028] Furthermore, the control valve 2 may include means for en-
suring that the control element 5 does not stay in its middle position when the
valve 2 is stopped. These means are arranged to affect the control element 5
so that it moves to one of its extreme positions, and when the pressure of
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pressure medium is guided to the valve 2 again, it starts to move back and
forth according to its working cycle. Figure 3 illustrates a solution where con-
nections have been established from the spaces at the ends of the control
element 5 to the tank along channels 100 and 101.

[0029] The recesses 80 and 81 in the control valve 2 can also be
constructed otherwise. For example, some solutions may lack recesses 80
altogether, in which case only the auxiliary spaces 70 and 71 are arranged to
enlarge the control pressure spaces 61 and 63 in the desired manner. Fur-
thermore, the shoulder 64 can be provided on the inner periphery of the sleeve
and control pressure spaces 61 and 63 and optional recesses can be formed
inside the sleeve. In that case, the auxiliary spaces 70, 71 may be formed on
the outer periphery of the sleeve.

[0030] The control valve 2 shown in Figure 4 is arranged to move
back and forth between its extreme positions in a manner which corresponds
to that of the control valve shown in Figure 3. The difference between this solu-
tion and the one illustrated in Figure 3 is that the control element 5 Is arranged
to only open and close parallel discharge channels 72a to 72c for conveying
pressure medium from the percussion device 1 to the channel 73 leading to
the tank. The percussion device 1 may be constantly connected to the pres-
sure source from which pressure medium is fed to one or more working pres-
sure surfaces in the impact element. The impact pulses needed to break rock
can be produced by quickly discharging the pressure medium acting on the
impact element to the tank.

[0031] Furthermore, it is feasible to form a control valve 8 according
to the inventive concept where one back and forth movement of the control
element 5 is arranged to open and close pressure medium channels so that
several impact pulses are produced in the percussion device 1, for example 2,
4 or 6 impact pulses per a working cycle of the valve. This way the operating
frequency of the control valve 8 can be reduced. On the other hand, by using a
control valve which enables several impact pulses per a valve working cycle,
the impact frequency of the percussion device 1 can be increased without the
operating frequency of the control valve 8 constituting a restrictive factor. The
movement of the control element 5 in the control direction can be dimensioned
according to the number of connecting moments in a valve working cycle: the
higher the number of connecting moments is, the longer the movement of the
control element 5 may be. [n addition, since the speed of the conirol element 5
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may differ at different connecting moments, the size of the channels formed in
the frame 3 of the control valve can be dimensioned so that the channel is
open for a substantially equal time at each connecting moment. |

[0032] Since the control valve 2 according to the invention requires
no external control, it is simple to control the working cycle of the percussion
device 1, and the structure of the control valve 2 may be relatively simple. In
addition, the operation of the control valve 2 can be affected in various ways by
dimensioning the above-mentioned opening points dp and dt appropriately,
and by affecting the pressure acting on the control pressure channels 66 and
67. Another advantage of the solutions illustrated in Figures 3 and 4 Is that
their pressure losses are smalll. This results from the fact that the points dp and
dt can be dimensioned so that the connection from the control pressure chan-
nels 66 and 67 does not open to the working pressure spaces 61 and 63 until
the pressure acting on the working pressure spaces 61 and 63 has risen to
correspond to the pressure acting on the control pressure channels 66 and 67
due to the movement of the control element 5. Furthermore, the points dp and
dt can be dimensioned so that the connection from the working pressure
spaces 61 and 63 to the discharge channel 65 does not open until the pres-
sure in the working pressure channels 61 and 63 has decreased so that it sub-
stantially corresponds to the pressure in the tank.

[0033] Instead of the sleeve shown in Figures 3 and 4, the control
element 5 may be another kind of object that can be moved longitudinally. The
control element 5 may be, for example, a slide or a pin, in which case the con-
trol valve 2 may be a spool valve. Also in this case, the control element 5 may
have a middle position and a first and a second extreme position. Parallel pres-
sure/discharge channels may be arranged to be connected in the middle or In
the extreme position of the control element 5. Furthermore, if the working cycle
of the conirol valve 2 comprises several connecting moments, one or more
connecting moments may be arranged between the middle position and the
extreme position.

[0034] The control valve, whose control element is arranged to
move between the middle position and the extreme positions, may, depending
on the structure of the percussion device, be arranged to guide the pressure
medium flow along parallel channels either away from the working pressure
surface of the impact element or to the working pressure surface for the pro-

duction of an impact pulse.
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[0035] Figure 5 shows a considerably simplified "compression bar
percussion device". |n this Kind of percussion device 1, the impact element is
not moved back and forth by means of pressure medium but impact pulses are
produced by changing the pressure of the pressure medium on the pressure
surface 9 of the impact element 8. The pressure of pressure medium is con-
veyed into the working pressure space 20 by means of the control valve 2,
which makes the impact element 8 move against the frame 24 in direction B
and compress. |In this embodiment, the impact element 8 functions as a com-
pression bar. When the pressure acting on the pressure surface 9 of the im-
pact element is discharged quickly from the working pressure space 20 by
means of the control valve 2, the impact element 8 resumes its original length
and produces an impact pulse in the tool 17. The control valve 2 of the inven-
tion needs no external control, for which reason it is simple to install in percus-
sion devices 1 of this kind, too. [n addition, the energy consumption of the con-
trol valve 2 according to the invention is clearly smaller than that of conven-
tional valves, which naturally improves the operating efficiency of the percus-
sion device 1. Furthermore, a control valve 2 provided with several connecting
moments per a valve working cycle may also be used. In that case, the com-
pression bar percussion device can be provided with a very high impact fre-
quency. The operating frequency of the control valve 2 may, however, be sev-
eral times lower than the impact frequency of the percussion device.

[0036] The control valve according to the invention also enables the
conveyance of pressure pulses directly from the pressure container to the
working pressure surface of the impact element for the production of impact
pulses.

[0037] Figure 6 illustrates part of a control valve 2 according to the
iInvention, whose control element 5 is an object which is movable back and
forth in the direction of the periphery. The control element 5 may be, for exam-
ple, a sleeve or it may have the cross-sectional shape of an annulus sector. In
that case, the control element 5 has an outer periphery 5a and an inner pe-
riphery db. The control element 5 can be moved back and forth in control direc-
tions A and B according to its working cycle. The control element 5 can be
moved according to the same principle as the control element 5 shown in Fig-
ures 3 and 4, which is moved longitudinally. According to the inventive con-
cept, closed pressure spaces are formed when the control element 5 moves
from the middle position shown in Figure 6 towards either of the extreme posi-
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tions. In that case, kinetic energy of the control element 5 may be converted
into pressure energy in the closed pressure space. The control element 5 may
be arranged to open and close one or more pressure medium channels 72.
The control element 5 may also be provided with several parallel pressure me-
dium channels, which open substantially simultaneously and where the flow
direction is the same. This kind of control valve 2 may also be provided with
recesses and auxiliary spaces 70, 71. One or more of the means shown In
Figure 6 for forming closed pressure spaces may be arranged on the outer
periphery 5a of the control element 5. In some cases, the means for forming
closed pressure spaces can also be arranged on the inner periphery 5b of the
control element 5.

[0038] It should still be noted that the control valve of the invention
is also applicable in other kind of percussion devices intended for rock break-
ing. It is not the production technique of impact impulses in the percussion de-
vice or the device used for breaking rock that is relevant to the invention but
the controlling and structure of the control valve working cycle. -

[0039] The drawings and the related description are only intended
to illustrate the inventive concept. The details of the invention may vary within
the scope of the invention.



CA 02514459 2008-11-10

14

WE CLAIM:

1. A control valve for controlling a working cycle of a percussion device, the
valve comprising:

a frame including a space;

at least two pressure medium channels connected to the space;

a control element, which is arranged in the space in the frame, which is
movable back and forth in a first control direction and in a second control
direction and which is further arranged to open and close the pressure medium
channels when the control element is moved back and forth according to its
working cycle;

at least a first working pressure space and at least a second working
pressure space;

a first control pressure channel for feeding pressure medium into a first
working pressure space when the control element changes its direction;

a second control pressure channel for feeding pressure medium into the
second working pressure space when the control element changes its direction:

at least a first working pressure surface, which is arranged to move the
control element in the first control direction due to the influence of the pressure
medium acting on the first working pressure space;

and further comprising at least a second working pressure surface, which
IS arranged to move the control element in the second direction due to the
influence of the pressure medium acting in the second working pressure space;

and when the control element is moved in the first control direction from
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the middle position towards a first extreme position, the second working pressure
space Is arranged to close and form a closed pressure space, and
correspondingly, when the control element is moved in the second control
direction from the middle position towards a second extreme position, the first
working pressure space is arranged to close and form a closed pressure space;
the pressure medium in the closed pressure space is arranged to
compress and convert kKinetic energy of the control element into pressure energy;
and the pressure energy in the closed pressure space is arranged to be

re-converted into kinetic energy when the control element changes its direction.

2. A control valve according to claim 1, wherein

the control element is an elongated sleeve including an outer periphery
and an inner periphery,

the working pressure spaces are formed around the control element in the
space in the frame,

and a first recess is formed on the outer periphery of the control element
at the first working pressure space, and correspondingly, a first recess is formed
at the second working pressure space to increase the volume of the working

pressure spaces.

3. A control valve according to claim 1, wherein

the control element is an elongated sleeve provided with an outer
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periphery and an inner periphery,

inside the control element there is a frame portion, which is arranged
Immovably with respect to the frame and comprises an outer periphery,

the control element is arranged movably in an annular space between the
frame and the frame portion,

a second recess is formed on the outer periphery of the frame portion at
the first working pressure space, and correspondingly, a second recess at the
second working pressure space,

an auxiliary space is arranged to be formed between the inner periphery of
the control element and the second recess,

and there is a connecting channel between the working pressure space

and the second recess for connecting the auxiliary space to the working pressure

space.

4. A control valve according to claim 1, wherein

the control valve includes least two parallel pressure channels where the
flow direction of the pressure medium is the same,

and the movement of the control element in one control direction is

arranged to open a connection from the parallel pressure channels through the

control valve substantially simultaneously.



CA 02514459 2008-11-10

17

5. A control valve according to claim 1, wherein

the working cycle of the control valve is provided with a plurality of
connecting moments for opening and closing the pressure channels,

and one working cycle of the control valve from the first extreme position
to the second extreme position and back is arranged to produce at least two

Impact pulses in the percussion device.

6. A control valve according to claim 1, wherein
the control element is an elongated object,
and the control element is movable back and forth longitudinally in the first

control direction and in the second control direction.

7. A control valve according to claim 1, wherein
the control element comprises a periphery or a portion of a periphery,

and the control element is movable back and forth in the direction of the

periphery in the first control direction and in the second control direction.

8. A method of controlling a working cycle of a percussion device, the
method comprising:
guiding the pressure of pressure medium onto at least one working

pressure surface of an impact element provided in the percussion device to
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produce an impact pulse;

using at least one control valve for guiding the pressure medium, the
control valve including at least a frame and a control element;

moving the control element back and forth in a first control direction and in
a second control direction according to its working cycle,

opening and closing pressure medium channels leading to the percussion
device according to the working cycle of the control element;

leading pressure medium onto a first working pressure surface in
connection with a first working pressure space in the control element in order to
move the control element in the first control direction;

and leading pressure medium onto a second working pressure surface in
connection with a second working pressure space in the control element in order
to move the control element in the second control direction;

forming a closed pressure space in the second working pressure space
when the control element is moved in the first control direction towards the
extreme position;

forming a closed pressure space in the first working pressure space when
the control element is moved in the second control direction towards the extreme
position;

compressing the pressure medium in the closed pressure space and
converting kinetic energy of the control element into pressure energy;

and re-converting the pressure energy in the closed pressure s ace into

kinetic energy when the control element changes its direction.
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0. A method according to claim 8, comprising
producing several impact pulses per one working cycle of the control valve

in the percussion device.

10. A method according to claim 8, comprising
leading at least two parallel pressure medium flows through the control
valve and guiding the parallel pressure flows onto at least on working pressure

surface of the percussion element to produce an impact puise.

11. A method according to claim 8, comprising
leading at least two parallel pressure medium flows through the control
valve away from at least one working pressure surface of the impact element to

produce an impact pulse.

12. A method according claims 8, comprising

feeding pressure medium through a first control pressure channel at a
substantially constant pressure into the first working pressure space,

and feeding pressure medium through a second control pressure channel

at a substantially constant pressure into the second working pressure space.
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13. A method according to claim 8, comprising

moving the elongated control element in the longitudinal direction.

14. A method according to claim 8, comprising

moving the control element in the direction of its periphery.

15. A percussion device for breaking rock, the percussion device comprising

at least:
a frame;

an impact element, which is arranged in a space formed in the frame and
comprises at least one working pressure surface, which is connected to at least
one pressure medium channel, so that by affecting the pressure of a pressure
medium directed at the working pressure surface, the impact element is arranged

to produce impact pulses;

at least one control valve including a control element, which is movable
back and forth and arranged to affect the feed of the pressure medium of at least
one pressure medium channel leading to the impact element;

and where the control valve comprises:

at least a first working pressure space and a second working pressure

space;
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a first control pressure channel for feeding pressure medium into a first

working pressure space;

a second control pressure channel for feeding pressure medium into the
second working pressure space;

at least a first working pressure surface, which is arranged to move the
control element in a first control direction due to the influence of the pressure
medium acting on the first working pressure space;

and further at least a second working pressure surface, which is arranged
to move the control element in a second control direction due to the influence of
the pressure acting on the second working pressure space,

and when the control element of the control valve is moved in the first
control direction from the middle position towards a first extreme position, the
second working pressure space is arranged to close and form a closed pressure
space, and correspondingly, when the control element is moved in the second
control direction from the middle position towards a second extreme position, the
first working pressure space is arranged to close and form a closed pressure
space;

the pressure medium in the closed pressure space is arranged to
compress and convert kinetic energy of the control element into pressure energy;

the pressure energy in the closed pressure space is arranged to be re-
converted into kinetic energy when the control element changes its direction:
and the control valve is arranged to execute its working cycle without

external control.
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16. A percussion device according to claim 15, wherein

the working cycle of the control valve is provided with several connecting
moments for opening and closing the pressure channels,

and one working cycle of the control valve from the first extreme position
into the second extreme position and back is arranged to produce at least two

impact pulses in the percussion device.

17. A percussion device according to claim 15, wherein

the control valve includes at least two parallel pressure channels where
the flow direction of the pressure medium is the same,

and the movement of the control element in one control direction is
arranged to open a connection from the parallel pressure channels through the

control valve substantially simultaneously.

18. A percussion device according to claim 15, wherein

the impact element is a compression bar,

the impact element is arranged to be pressed against the frame of the
percussion device due to the influence of the pressure medium conveyed to the
working pressure surface so that the impact element is arranged to compress

longitudinally,
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and the control valve is arranged to quickly discharge the pressure
medium acting on the working pressure surface so that the impact element

resumes its original length and produces an impact pulse.
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