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(57) Abstract: The invention relates to a percus-
sion device, to which a too! (5) is mountable mov-
able in its longitudinal direction relative to the
frame (2) of the percussion device, the percussion
device containing a work chamber (3) having a
transmission piston (4) to compress the tool (5)
suddenly by the pressure of the pressure fluid act-
ing on the transmission piston (4) to generate a lon-
gitudinal stress pulse to the tool (5), inlet and outlet
channels (7, 9) for conducting the pressure fluid to
the percussion device and away from it and a con-
trol valve (8) for connecting the inlet and outlet
channels (7, 9) to alternately conduct the pressure
fluid to act on the transmission piston (4) and, cor-
respondingly, to discharge the pressure fluid from
the percussion device. The percussion device com-
prises a closure member (14) located in the pres-
sure fluid channel (15) between the control valve
(8) and transmission piston (4) and mounted mov-
able along the pressure fluid flow, and it has a me-
chanical limiter for limiting the length of move-
ment of the closure member (14) so that when the
closure member (14) stops at the limiter, it at the
same time cuts off the pressure fluid flow in it from
the control valve (8) toward the transmission piston
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Percussion device

Background of the invention

[0001] The invention relates to a percussion device, to which a tool
is mountable movable in its longitudinal direction relative to the frame of the
percussion device, the percussion device containing a work chamber having a
transmission piston mounted movable in the axial direction of the tool to com-
press the tool suddenly in its longitudinal direction by the pressure of the pres-
sure fluid acting on the transmission piston to generate a longitudinal stress
puise to the tool, which propagates through the tool to the material being
crushed, infet and outlet channels for conducting the pressure fluid to the per-
cussion device and away from it and a control valve that has a movably
mounted switch member with at least one channel for connecting said inlet and
outlet channels to alternately conduct the pressure fluid from the inlet channel
along at least one pressure fluid channel to act on the transmission piston and,
correspondingly, to discharge the pressure fluid that acted on the transmission
piston from the percussion device.

[0002] In the percussion device of the invention, a stress pulse is
provided by arranging the pressure of a pressure fluid to act on a transmission
piston in a separate work chamber preferably relatively suddenly. The pressure
effect pushes the transmission piston toward the tool. As a result of this, the
tool is compressed, whereby a stress pulse is formed in the tool to run through
the tool and, when the tool bit is in contact with rock or some other targeted
hard material, to break it. in the percussion device, it is possible to use to con-
trol its percussion operation a rotating or linearly reciprocating switch member
that typically has consecutive openings that alternately open a connection from
a pressure fluid source to the transmission piston of the percussion device
and, correspondingly, from the transmission piston to the pressure fluid con-
tainer. In known solutions, the operating efficiency of the device is a general
problem. Even though it has been possible to improve the operating efficiency
by using various solutions, it is always preferable to improve it yet further. The
adjustment of the length and amplitudes of the stress pulses is also not easy in
all solutions, and easy adjustability is always aimed at.

Brief description of the invention

[0003] It is an object of this invention to provide a percussion device
which provides a better than before operating efficiency and which allows the
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adjustment of the length and amplitude of the stress pulse in a desired man-
ner. The percussion device of the invention is characterised in that ‘

it comprises a closure member that is mounted movable along the
flow of the pressure fluid and positioned into each pressure fluid channel be-
tween a control valve and transmission piston, and

it has a mechanical limiter to limit the length of movement of each
closure member toward the transmission piston so that when the closure
member stops at the limiter, it also stops the flow of the pressure fluid in the
pressure fluid channel from the control valve toward the transmission piston so
that the movement of the transmission piston toward the tool stops before the
switch member closes the pressure connection between the iniet channel and
the pressure source.

[0004] The idea of the invention is that the formation of the stress
puise is done using a separate closure member having a mechanically limited
length of movement to stop the flow of the pressure fluid in the direction of the
transmission piston, whereby the length of the stress pulse is determined on
the basis of the duration of the closure member movement.

[0005] The invention provides the advantage that the length of the
stress pulse may be adjusted without essentially weakening the operating effi-
ciency. In practice, the operating efficiency is clearly better than in known solu-
tions, because the open time of the control valve may be made longer than in
the present solutions. The shape of the thus formed stress pulse is also advan-
tageous, because the opening of the control valve increases all the time along
with the pulse formation, and the opening may be dimensioned so that it is at
its largest as the formation of the stress pulse ends, in other words, when the
conirol valve is completely open. This way, both the work chamber pressure
acting on the transmission piston and the amplitude of the stress wave can be
made largest at the final stage of the pulse formation. The invention also pro-
vides the advantage that the length of the stress pulse may be adjusted either
by adjusting the length or time of movement of the closure member or directly
the pressure of the used pressure fluid.

Brief description of figures
[0006] The invention will be described in greater detail in the at-
tached drawings, in which
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Figure 1 is a schematic representation of the prior-art principle of a
percussion device,

Figure 2 is a schematic view of an embodiment of the invention.

Figure 3 is a schematic view of an embodiment of the invention cut
along line B-B of Figure 2,

Figure 4 shows curves depicting the operation of a percussion de-
vice of the invention,

Figures 5a and 5b are schematic views of some other embodiments
of the invention,

Figures 6a and 6b are schematic views of a detail of yet another
embodiment of the invention,

Figures 7a and 7b are schematic views of yet other embodiments of
the invention, and

Figures 8a and 8b are schematic views of yet other embodiments of
the invention.

Detailed description of the invention

[0007] Figure 1 is a schematic sectional view of a prior-art percus-
sion device 1 with a frame 2, inside which there is a work chamber 3 and in-
side the work chamber 3 a transmission piston 4. The transmission piston 4 is
coaxial with a tool 5 and they may move axially so that the transmission piston
4 touches the tool 5 directly at least when the stress pulse begins to form and
during its formation or indirectly through a shank fastened to the tool and
known per se. On the side of the transmission piston 4 opposite to the tool,
there is a pressure surface facing the work chamber 3. For forming a stress
pulse, pressurized pressure fluid is led to the work chamber 3 from a pressure
source, such as a pump 6, along an inlet channel 7 through a controf valve 8.
The control vaive has a moving switch member 8a with one or, as shown in the
figure, several channels, such as openings or grooves 8b. As the switch mem-
ber 8a of the control valve 8 moves, the pressure fluid acts on the transmission
piston 4 through the openings or grooves 8b and, correspondingly, as the
switch member 8a continues to move, the pressure of the pressure fluid that
acted on the transmission piston 4 discharges through an outlet channel 9. A
stress puise is formed when the pressure fluid pressure pushes the transmis-
sion piston 4 toward the tool 5 and through this compresses the tool 5 against
the material being crushed. As it moves through the tool’s 5 tip, such as a drill
bit, o the material being crushed, such as stone, in a manner known per se,
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the stress pulse breaks the material. When the switch member of the control
valve 8 prevents the pressure fluid from entering the percussion device and
then allows the pressure fluid that acted on the transmission piston 4 to dis-
charge through the outlet channel 9 to a pressure fluid container 10, the stress
puise stops, and the transmission piston 4, which has moved a short distance,
only a few millimetres, toward the tool 5, is allowed to return to its initial posi-
tion. This is repeated as the switch member 8a of the valve 8 moves and alter-
nately switches the pressure to act on the transmission piston and then allows
the pressure to discharge, whereby, as the switch member 8a moves continu-
ously, a series of consecutive stress pulses is formed.

[0008] During the use of the percussion device, it is pushed in a
manner known per se by a feed force F toward the tool 5 and, at the same
time, toward the material being crushed. To push the percussion device, it is
possible to use in a manner known per se just the boom of a power tool or a
feed beam and its feed devices mounted on the boom. These are generally
known per se to a person skilled in the art and, thus, need not be described in
more detail. To return the transmission piston 4, pressure medium may be
supplied to the chamber 3a as necessary between stress pulses or the trans-
mission piston may be returned by mechanical means, such as spring, or by
pushing the percussion device with the feed force in the drilling direction,
whereby the transmission piston moves backward in relation to the percussion
device, that is, to its initial position. The tool may be a part that is separate
from the piston or integrated to it in a manner known per se. The piston may
also be integrated to the drill shank so that the drill rod is fastened in a manner
known per se with threads to the threads at the end of such a configuration.

[0009] In the case of Figure 1, the control valve 8 has a rotatably
moving switch member 8 coaxial with the tool 5, which is rotated around its
axis in the direction of arrow A by using a suitable rotating mechanism, such as
a motor 11, by means of power transmission shown schematically by dashed
line. Alternatively, the switch member 8 is turned rotatably back and forth us-
ing a suitable mechanism. A rotatably moving switch member may also be
mounted otherwise, for instance on the frame 2 on the side of the work cham-
ber 3. Instead of a rotatably moving switch member, the control valve 8 may
also have a reciprocating switch member. Further, it is possible to use in all
cases a control valve, whose switch member has only one channel to conduct
the pressure fluid toward the work chamber and, correspondingly, away from it.
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However, the switch member 8a of the control valve 8 preferably has several
parallel channels.

[0010] Figure 1 further shows a control unit 12 that may be con-
nected to control the rotating speed of the control valve or the rate of move-
ment of a reciprocating control valve by means of control channels or signal
lines 13a and 13b. This type of adjustment may be implemented by several
different techniques known per se by using desired parameters, such as drill-
ing conditions, the hardness of the stone being crushed, for instance.

[0011] Figure 2 is a schematic view of a general embodiment of the
invention. It shows only part of the control valve 8 equipped with a reciprocat-
ing switch member 8a and the frame 2 of the percussion device. It has be-
tween the control valve 8 and transmission piston 4 a separate closure mem-
ber 14 that moves in a valve space 15a in the pressure fluid channel between
the control valve 8 and transmission piston 4. The stress pulse is formed in
such a manner that the pressurized pressure fluid is directed by the confrol
valve 8 to flow toward the transmission piston 4, and the closure member
moves essentially along the flow in the channel. In this situation, nearly the
same pressure prevails on both sides of the closure member. As a result of
this, the transmission piston 4 moves toward the tool 5 and compresses it and,
consequently, a stress pulse is formed in the tool. The formation of the stress
pulse continues until the closure member 14 stops at a barrier that mechani-
cally limits its movement and, at the same time, cuts off the flow of the pres-
sure fluid toward the transmission piston 4. It is thus possibile to adjust the
length of the stress pulse by altering the length of movement of the closure
member 14.

[0012] After the formation of the stress pulse, the switch member 8a
of the control valve, when moving, opens a connection from the pressure fluid
channel between the control valve 8§ and transmission piston 4 to the pressure
fluid return channel 9 and the pressure is released, and as the fransmission
piston 4 moves back to its initial position under the effect of the return force,
the closure member 14 correspondingly goes back to its initial position.

[0013] Figure 2 shows a general solution in which the time the pres-
sure acts on the transmission piston depends on the length of movement s of
the closure member 14, which is the mechanically limited possible length of
movement of the closure member 14 in the direction of the transmission piston
4. In the case shown in Figure 2a, the closure member 14 stops when it con-
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tacts the bottom surface of the pressure fluid space 3b. Because the closure
member 14 is substantially equal in size to the pressure fiuid channel where it
moves, the closure member 14, when it stops, also stops the flow of the pres-
sure fluid toward the transmission piston 4. The stress pulse is then at its
strongest. The open time of a connecting member to the inlet pressure may be
significantly longer than the movement time of the closure member, that is, the
formation time of the stress pulse. The formation of the stress pulse begins as
soon as pressure fluid enters from the channel 7 through opening 8b to the
pressure fluid channel 15 and, thus, acts on the closure member 14. Because
the size of the flow opening affects the flow of the pressure fluid in the pres-
sure fluid channel 15 and thus also the increase in pressure in the work cham-
ber 3, the pressure increases all the time when the switch member 8a moves
and the opening 8b moves closer to the channel 7 and pressure channel 15
and opens the flow opening wider all the time. The length of movement s of the
closure member 14 is most preferably dimensioned in such a manner that the
movement of the closure member 14 stops when the flow channel through the
control valve is at its largest, that is, the opening 8b is completely open at the
pressure fluid channels 7 and 15 and the control valve is thus completely open.

[0014] Figure 3 is a schematic sectional view of an embodiment of
the invention along the line B-B marked in Figure 2, in which, instead of one
pressure fluid channel and closure member 14, several pressure fluid channels
are used and, correspondingly, closure members 14 in each channel. In this
embodiment, there are eight closure members positioned around the transmis-
sion piston 4 so that the supply of pressure fluid is implemented as easily and
efficiently as possible. Even though eight closure members are shown herein
by way of example, there may be one or more, even more than eight, if this is
considered necessary due to constructive reasons.

[06015] Figure 4 shows schematically pressure curves depicting the
operation of a percussion device of the invention, The horizontal axis shows
the pressure of the pressure fluid (bar) and the vertical axis shows correspond-
ingly the {ength of the stress wave in milliseconds by using two different length
of movement values for the closure member. The surface areas An, Ax and Ag
mentioned in the equations are shown in Figures 2 and 3, for example.

[0016] The length of the formed stress wave may roughly be esti-
mated as follows. Let us assume that the surface area of the transmission pis-
ton is An=4500 mm? and the surface area of the tool is Ax=1000 mm?®. The
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surface area of the inlet channels (10 pes) is A;=300 mm?. The length of move-
ment of the closure members is limited to s=1 mm, for instance. If pressure
level p is used, then in theory a stress wave is produced with an amplitude of

A
c=-""p=45p 1
ARP )2 (1)

[0017] The transmission piston then obtains the speed of

4
v, ==t p @)

wherein ¢ is the speed of the siress wave in the tool and p is the
density of the material. The corresponding flow in a single inlet channel is

A A2
g =y, =t p (3)
N A, Ncp

and the mean speed of the fluid in the channel is

a4 4
vﬂm'd A A’(. NAJC‘O P ( )

Ry

[0018] When the temporal duration of the stress wave is t, and the
closure member moves at substantially the same rate as the fluid, the closure
member displacement in the inlet channel is

Ap
X, =V b, =——2—t 9
$ Jinid " p Ak N Ascp P ( )

[0019] When the length of movement xg of the closure member is
limited to the value s, the temporal duration of the pulse is
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. ANAcp s
P Alp

"

[0020] By placing the given numerical values, we obtain

cp s
t, = 7
6T75p %

[0021] The result also shows that the length of the stress wave is
inversely proportional to the pressure; the higher the pressure, the shorter the
pulse. Figure 4 shows the lengths of the stress wave by using two different
values of the length of movement s at different pressure levels. In other words,
the length of the pulse may also be adjusted solely by the percussion pressure
level.

[0022] Figure 4 shows curves calculated on the basis of what is
stated above by using two different lengths of movement of the closure mem-
ber, that is, length of movement 1 mm and 1.5 mm, respectively. As shown in
Figure 4, the length of the stress wave is the larger, the longer the length of
movement of the closure member 14 is. Further according to Figure 4, the
length of the stress wave is inversely proportional to the used pressure of the
pressure fluid. Thus, by using a fixed length of movement for the closure mem-
ber(s) 14, the length of the pulse may be adjusted solely by means of the pres-
sure of the used pressure fluid. When requiring a shorter stress pulse, the
pressure is increased, whereby the closure member moves faster to cut off the
flow of the pressure fluid and, correspondingly, when requiring a longer stress
pulse, the pressure is lowered, whereby the closure member moves more
slowly to cut off the flow of the pressure fluid.

[0023] in practice, it is necessary that the pressure fluid in the work
chamber of the transmission piston 4 is allowed to change, because otherwise
it will heat up too much. Similarly, one should take into account the fact that in
this type of solution, some oil leaks always occur regardiess of the sealings.

[0024] Figures 5a and 5b show some embodiments of the invention,
in which these matters have been taken into account. In these embodiments,
through the closure member 14 a channel 16 is formed, an opening of which is
in a projection 14a and through which a small amount of pressure fluid is al-
lowed to flow from the pressure fluid channel 15 to the work chamber 3 after
the valve 8 has switched the pressure fluid to act on the closure member 14,
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The amount of pressure fluid that flows through the channel 16 is quite small in
volume. As the stress pulse propagates when the closure member 14 moves
toward the pressure fiuid space 3b, the projection 14a at the front end of the
closure member on the pressure fluid space 3b side pushes into a recess 3¢,
which corresponds to it in shape and size, and prevents the flow of the pres-
sure fluid from the channel 16 to the pressure fluid space 3b. When the stress
pulse is formed, the transmission piston 4 and closure member 14 return to
their initial positions in the manner described earlier, whereby the extra pres-
sure fluid that flowed into the pressure fluid space 3b and thus also to the work
chamber 3 exits again through the channel 16. In the embodiment shown in
Figure 5a, the percussion piston is returned to its initial position by utilising the
feed force of the percussion device, whereby the feed force pushes the per-
cussion device forward and the transmission piston supported on the tool 5
remains stationary while the frame of the percussion device pushes toward the
tool 5. In this case, the pressure fluid space 3a in front of the transmission pis-
ton 4 is connected to the pressure fluid container through the channel 9 with-
out pressure.

[0025] The switch member 8a of the control valve 8, in turn, has a
groove or the like, such as an opening 8c that connects the pressure fluid
channel 15 between the closure member 14 and control valve 8 to the channel
17. The transmission piston 4, in turn, has an inner channel 18 that opens a
connection between the pressure fluid space 3a and channel 17 when the
transmission piston 4 moves toward the tool 5 during the formation of the
stress pulse. When the transmission piston 4 is pushed relative to the frame 2
of the percussion device 1 back into its initial position, the pressure fluid flows
from the work chamber 3 first pushing the closure member 14 backward and
then flowing through the channel 16 of the closure member 14 to the pressure
fluid channel 15 and through the groove or the like 8¢ to the channel 17 and on
through the channel 18 to the pressure fluid space 3a. When the transmission
piston 4 has moved to its initial position, that is, to the position shown in Figure
5a, the connection between the channels 17 and 18 has closed and the pres-
sure fluid is no tonger allowed to flow out from the work chamber 3. The trans-
mission piston 4 is then stopped hydraulically to its initial position. The trans-
mission piston 4 may naturally also be stopped mechanically to its initial posi-
tion as shown in Figure 5b. In this embodiment, the pressure fluid may run di-
rectly through the channel 9 to the pressure fluid container 10.
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[0026] Figures 6a and 6b show yet another detail of an embodiment
of the invention. It is a solution suitable for evening out pressure spikes caused
by feeding pressure fluid and reflected from the tool. In this embodiment, the
closure member 14 is formed of a spherical piece that may be applied per se
to all embodiments of the invention. In the situation shown in Figure 6a, the
formation of the stress pulse has ended when the closure member 14 has
stopped at a shoulder 20 and the closure member and a stop face together
prevent the flow of the pressure fluid. In a valve space 15a of the closure
member 14, there is a check valve 21 that is connected to the valve space 15a
of the closure member 14 so that depending on the position of the closure
member 14, it is connected either to the pressure fluid channel 15 or pressure
fluid space 3b. During the operation of the percussion device, operating pres-
sure p of the percussion device acts on a valve member 21a of the check valve
21 on one side and pushes the valve member 21a to cut off the pressure fluid
flow from the pressure fluid channel 15 and correspondingly from the pressure
fluid space 3b, in both of which the pressure is at most equal to the operating
pressure.

[0027] In the case of Figure Ba, the closure member 14 is at the end
of the formation of the stress pulse tightly against the stop face of the shoulder
20 and cuts off the flow of the pressure fluid together with the stop face. The
opening of the check valve 21 connected to the valve space 15a is then con-
nected to the pressure fiuid channel 15. When the pressure fluid flow to the
pressure fluid channel 15 stops suddenly, a strong pressure pulse is formed
whose pressure value may exceed the normal operating pressure considera-
bly. On the opposite side of the valve member 21a of the check valve, a nor-
mal operating pressure p prevails, and the pressure caused by the pressure
spike pushes the valve member 21a of the check valve away from the closure
position and, this way, the pressure spike may discharge into the normal feed
pressure without damaging the percussion device or its parts in any way.

[0028] Figure 6b, in turn, shows a situation in which the transmis-
sion piston 4 has returned after the formation of the stress pulse and the clo-
sure member 14 has returned to its initial position. In this situation, the opening
leading to the check valve 21 in the valve space 15a is connected to the work
chamber 3 of the transmission piston 4 through the pressure fluid space 3b.
When the percussion frequency of the percussion device is suitably dimen-
sioned according to the tool and other conditions, the stress wave reflected to
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the tool from the rock returns to the transmission piston 4 at this very moment.
This stress wave produces in the work chamber 3 and the related pressure
fluid spaces a pressure spike that also exceeds the normal operating pressure
p of the percussion device. The effect provided by the pressure spike in the
check valve 21 opens its valve member 21a and the pressure spike discharges
into the normal operating pressure without damaging the percussion device or
its parts. At the same time, at least part of the energy of the reflected stress
wave is recovered as hydraulic energy.

[0029] It is advantageous for the invention that the distance be-
tween the closure member 14 and transmission piston 4 is as short as possible
to produce as small a toss as possible in the pressure fluid flow,

[0030] Figures 7a and 7b show yet other embodiments of the inven-
tion. A closure member 14 having a smaller cross-section than that of the sur-
rounding valve space 15a is used in them. Therefore, both during the supply of
the pressure fluid and during the return flow, the pressure fluid can flow in
them through the gap between the closure member 14 and valve space 15a.
The pressure fluid in the work chamber 3 then changes to some extent and
cooling takes place in this manner. In these embodiments, the flow of the pres-
sure fluid ends when a conical or curved, for instance spherical, surface 14b of
the closure member contacts a conical or concave sealing surface 15b at the
end of the valve space 15a.

[0031] Figures 8a and 8b show yet another embodiment of the in-
vention. In it, a separate pre-controlled auxiliary valve has been used to pro-
vide the return movement of the piston.

[0032] In this solution, the exit of the pressure fluid from the work
chamber 3 is controlled by an auxiliary valve 23 that is, in turn, controlled by
the switch member 8a of the control valve 8. The auxiliary valve 23 has a
groove or opening 23a, with which the auxiliary valve 23 may open a connec-
tion from the channel 15 to the outlet channel 9. Further, on one end of the
auxiliary valve 23 that is opposite to the channel 22, there is a projection 23b
with an end having a surface area that is smaller than the surface area of the
channel 22 side end of the auxiliary valve 23. The pressure of the pressure
fluid, preferably the pressure that prevails in the channel 7, acts on this end of
the projection 23b.

[0033] After the formation of the previous stress pulse, the percus-
sion piston remains in its tool 5 side position. After the formation of the stress
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pulse, the switch member 8a moves in the direction of arrow A and connects
the inlet channel 7 of the pressure fluid to the channel 22 of the auxiliary valve.
The auxiliary vaive 23 then moves against the force caused by the pressure
acting on its projection 23b and a connection from the channel 15 opens
through the opening 23a of the auxiliary valve 23 to the outlet channel 9 as
shown in Figure 8a. Thus, the pressure fluid is allowed to flow from the chan-
nel 15 to the outlet channel 9, and under the force acting on the transmission
piston 4, the transmission piston 4 starts to move back to its initial position
pushing the pressure fluid out of the work chamber 3.

[0034] The pressure fluid is then allowed to flow from the channel
15 through the opening 23a of the auxiliary valve 23 to the outlet channel 9.
Under the force acting on the transmission piston 4, the transmission piston 4
starts to move back to its initial position pushing the pressure fluid out of the
work chamber 3. Because of this, the closure member 14 moves back toward
the channel 15 until its movement stops as described earlier. The transmission
piston 4 is then in its rearmost position and stops there.

[0035] Before the formation of the next stress pulse, the channel 22
of the auxiliary valve is connected through the groove 8c¢ of the switch member
8a to the channel 15 and on through the channel 23a of the auxiliary valve to
the outlet channel 9. As a result of this, the pressure in the channel 22 of the
auxiliary valve decreases and the pressure acting on the projection 23b
pushes the auxiliary valve toward the channel 22 and closes the pressure con-
nection 23 in the manner shown in Figure 8b.

[0036] As the switch member 8a moves on in the direction of arrow
A, the pressure of the pressure fluid is connected from channel 7 through the
opening 8b to act on the transmission piston 4 and a stress pulse is formed.

[0037] Figures 8a and 8b further show a solution in which the piston
4 is integrated with a drill shank known per se. This part of the piston 4 which
corresponds to the drill shank is marked with reference number 4a. The part 4a
is equipped with a thread known per se but not shown, to which the tool 5 is
screwed. Part 4a may also be equipped with cogging or some other suitable
means to rotate it and through it the tool 5 with a rotating motor known per se
but not shown. In a manner corresponding to a drill shank, the part 4a extends
out of the front end of the frame 2 of the percussion device so that it is easy to
screw the tool on and off.
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[0038] Above, the invention is described in the specification and
drawings by way of example only and it is in no way limited to the description.
Different details of embodiments may be implemented in different ways and
they may also be combined with each other. Thus, details in different figures,
Figures 1 to 3b and 5a to 6b, may be combined with each other in different
manners to obtain the required embodiments in practice. The rotation or recip-
rocal movement of the switch member 8a of the control valve 8 may be imple-
mented in any manner known per se mechanically, electrically, pneumatically
or hydraulically. Even though the control valve having a rotating switch mem-
ber 8a has, by way of example, been presented in a form, in which it has a cy-
findrical valve part, it may also correspondingly be implemented in a disc-like
or conical form or in any corresponding form. Further, instead of the openings
running through the switch member 8a of the control valve, it is also possible to
use groove-like channels formed in the switch member 8a. The pressure fluid
inlet and outlet channels also need not be on opposite sides of the switch
member, as long as they are at different locations. The closure member may
also have a cross-section that is smaller than that of the valve space, in which
case its closing capability is based on interaction with a stop face in the man-
ner shown in Figures 6a and 6b, for instance.
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Claims

1. A percussion device, to which a tool is mountable movable in its
longitudinal direction relative to the frame of the percussion device, the per-
cussion device containing a work chamber having a transmission piston
mounted movable in the axial direction of the tool to compress the tool sud-
denly in its longitudinal direction by the pressure of the pressure fluid acting on
the transmission piston to generate a longitudinal stress pulse to the tool,
which propagates through the tool to the material being crushed, inlet and out-
let channels for conducting the pressure fluid to the percussion device and
away from it and a control valve that has a movably mounted switch member
with at least one channel for connecting said inlet and outlet channels to alter-
nately conduct the pressure fluid from the inlet channel along at least one
pressure fluid channel to act on the transmission piston and, correspondingly,
to discharge the pressure fluid that acted on the transmission piston from the
percussion device,characterised inthat

it comprises a closure member that is mounted movable along the
flow of the pressure fluid and positioned into each pressure fluid channel be-
tween a control valve and transmission piston, and

it has a mechanical limiter to limit the length of movement of each
closure member toward the transmission piston so that when the closure
member stops at the limiter, it also stops the flow of the pressure fluid in the
pressure fluid channel from the control valve toward the transmission piston so
that the movement of the transmission piston toward the tool stops before the
switch member closes the pressure connection between the inlet channe! and
the pressure source.

2. A percussion device as claimed in claim 1, characterised
in that the movement of the closure member(s) is limited so that the movement
of the transmission piston toward the tool stops at substantially the same mo-
ment as the control valve opens fully.

3. A percussion device as claimed in claim 1 or 2, character-
ised inthat the limiter is a limiting surface on the transmission piston side in
the direction of movement of the closure member and the closure member
pushes against it under the effect of the pressure fluid.
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4. A percussion device as claimed in ¢claim 3, characterised
in that the limiting surface together with the closure member cuts off the flow of
the pressure fluid toward the transmission piston.

5. A percussion device as claimed in any one of the preceding
claims, characterised in that the closure member has a projection on
the transmission piston side so that when the closure member is at its rear-
most position, there is a clearance between the projection and the surface at
the closure member on the transmission piston side, that on the surface lo-
cated on the transmission piston side at the corresponding location, there is a
recess that is substantially equal in size and shape to the projection and able
to accommodate the projection, and that the closure member has a channel
running through it and opening at the location of the projection, along which
the pressure fluid flows into the work chamber and, correspondingly, back from
the work chamber, when the projection is outside the recess.

6. A percussion device as claimed in any one of claims 1 to 4,
characterised inthat the closure member is spherical.

7. A percussion device as claimed in any one of the preceding
claims, characterised in thatit has a check valve and along the length
of movement of the closure member at least one opening that is connected to
the check valve so that when the closure member is at its frontmost position,
the pressure fluid channel coming from the control valve is connected through
at least one opening to the check valve, and when the closure member is at its
rearmost position, the work chamber is connected through at least one open-
ing to the check valve, and during the operation of the percussion device, the
operating pressure of the percussion device acts on the valve member of the
check valve and pushes the valve member to cut off the pressure fluid flow
from pressure fluid channel coming from the work chamber and correspond-
ingly from the control valve, the pressure of these being at most equal to the
operating pressure.

8. A percussion device as claimed in any one of the preceding
claims, characterised in that the inlet and outlet channels are con-
nected to conduct the pressure fluid to the switch member and away from it
and that the switch member has at least one channel to switch the inlet and
outlet channels alternately to conduct the pressure fluid from the inlet channel
along at least one pressure fluid channel to act on the transmission piston and
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correspondingly to conduct the pressure fluid that has acted on the transmis-
sion piston away from the percussion device through the switch member,

9. A percussion device as claimed in any one of claims 1 fo 7,
characterised in that the inlet channel is connected to conduct the
pressure fluid to the switch member, that it has a separate auxiliary valve that
is connectable to conduct the pressure fluid that acted on the fransmission pis-
ton from the percussion device to the outlet channel, that the switch member
has at least one channel to switch the inlet channel alternately to conduct the
pressure fluid from the inlet channel along at least one pressure fluid channel
to act on the transmission piston and, correspondingly, at least one channel,
through which the pressurized pressure fluid is allowed to act on the auxiliary
valve so that it opens a connection to the outlet channel to allow the pressure
fluid that acted on the transmission piston to exit through the auxiliary valve.
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