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(54) Title: PERCUSSION DEVICE

1

(57) Abstract: The invention relates to a method for controlling the operation of a pressure fluid operated percussion device and
to a pressure fluid operated percussion device. The method comprises influencing the shape of a stress wave by set- ting a suitable
clearance between a transmission piston (5) and a tool (3). The percussion device is provided with means for setting the clearance

between the transmission piston (5) and the tool (3).
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PERCUSSION DEVICE

FIELD OF THE INVENTION

[0001] The invention relates to a method for controlling the opera-
tion of a pressure fluid operated percussion device comprising: means for
feeding pressure fluid into and discharging it from the percussion device;
means for producing a stress wave by means of the pressure fluid pressure to
a tool connectable to the percussion device to move in a longitudinal direction
in relation to the body thereof, the means for producing the stress wave com-
prising a working chamber in the body of the percussion device and a trans-
mission piston provided in the working chamber to move a longitudinal direc-
tion of the tool in relation to the body of the percussion device, the transmis-
sion piston having an energy transfer surface facing the tool to allow it to be
brought into contact with an energy receiving surface of the tool or a shank
connected to the tool; means for making the pressure fluid pressure prevailing
in the working chamber push the transmission piston towards the tool for com-
pressing the tool in the longitudinal direction thereof by means of the pressure
fluid pressure acting on the transmission piston so that a stress wave is pro-
duced in the tool; and correspondingly means for making the transmission pis-
ton return. Further, the invention relates to a pressure fluid operated percus-
sion device comprising: means for feeding pressure fluid into and discharging it
from the percussion device; means for producing a stress wave by means of
the pressure fluid pressure to a tool connectable to the percussion device to
move in a longitudinal direction in relation to the body thereof, the means for
producing the stress wave comprising a working chamber in the body of the
percussion device and a transmission piston provided in the working chamber
to move a longitudinal direction of the tool in relation to the body of the percus-
sion device, the transmission piston having an energy transfer surface facing
the tool to allow it to be brought into contact with an energy receiving surface
of the tool or a shank connected to the tool; means for making the pressure
fluid pressure prevailing in the working chamber push the transmission piston
towards the tool for compressing the tool in the longitudinal direction thereof by
means of the pressure fluid pressure acting on the transmission piston so that
a stress wave is produced in the tool; and correspondingly means for making
the transmission piston return.
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BACKGROUND OF THE INVENTION

[0002] In prior art percussion devices strokes are generated by
means of a reciprocating percussion piston, which is typically driven hydrauli-
cally or pneumatically and in some cases electrically or by means of a combus-
tion engine. A stress wave is created in a tool, such as a drill rod, when the
percussion piston strikes an impact end of either a shank or the tool.

[0003] A problem with prior art percussion devices is that the recip-
rocating motion of the percussion piston generates dynamic acceleration
forces that make the equipment difficult to control. At the same time as the
percussion piston accelerates in the striking direction, the body of the percus-
sion device tends to move in the opposite direction, thereby decreasing the
pressing force of the drill bit or the tool tip on the material to be treated. To
maintain the pressing force of the drill bit or the tool against the material to be
treated sufficiently high, the percussion device must be pushed towards the
material with a sufficient force. This additional force must then be taken into
account in the support structures of the percussion device, as well as else-
where, which increases not only the size and mass of the equipment but also
the manufacturing costs thereof. The mass of the percussion piston causes
inertia that restricts the frequency of the reciprocating motion of the percussion
piston and thereby its impact frequency, although the latter should be signifi-
cantly raised from its current level in order to achieve a more efficient perform-
ance. However, with current solutions this leads to a considerable deterioration
in operating efficiency, which is why it is not possible in practice. Further, in
prior art percussion devices it is quite difficult to control the percussion power
according to drilling conditions. Further still, prior art knows percussion devices
in which the stress wave is generated by rapidly compressing the tool against
the material to be broken, without delivering a stroke.

BRIEF DESCRIPTION OF THE INVENTION

[0004] It is an object of the invention to provide a method for con-
trolling a percussion device and a percussion device, preferably for a rock drill-
ing apparatus or the like, which has fewer drawbacks than prior art solutions as
regards dynamic forces caused by the impact operations and which allows
strike frequency to be increased more easily than currently possible. A further
object of the invention is to provide a method for controlling a percussion de-
vice and a percussion device allowing the shape, length and/or other charac-
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teristics of a stress wave transmitted to a tool to be adjusted in a simple manner.

[0005]) The method of the invention is characterized by comprising:
influencing the shape of the stress wave by setting a clearance between the energy
transfer surface of the transmission piston and said energy receiving surface before
pressure fluid is allowed to push the transmission piston towards the tool so that when
the clearance is at its smallest, the energy transfer surface of the transmission piston is
in contact with the energy receiving surface of the tool or of a shank connected to the
tool at the moment when the effect of the pressure fluid pressure begins, the stress
wave being thus produced substantially by the effect of the pressing force produced by
the pressure fluid pressure alone and transmitted to the tool by the transmission piston,
its length being substantially equal to the effective time of the pressing force acting on
the tool, whereas when the clearance is at its longest, the stress wave is substantially
produced by the impact of the transmission piston created as a result of a transmission
piston motion caused by the pressure fluid pressure and acting on the energy receiving
surface of the tool or a shank connected to the tool, the length of the stress wave being
substantially twice the length of the transmission piston.

[0006] The percussion device of the invention is characterized in that it
comprises means for influencing the shape of the stress wave by setting a clearance
between the energy transfer surface of the transmission piston and said energy
receiving surface before pressure fluid is allowed to push the transmission piston
towards the tool so that when the clearance is at its smallest, the energy transfer
surface of the transmission piston is in contact with the energy receiving surface of the
tool or of a shank connected to the tool at the moment when the effect of the pressure
fluid pressure begins, the stress wave being thus produced substantially by the effect
of the pressing force produced by the pressure fluid pressure alone and transmitted to
the tool by the transmission piston, its length being substantially equal to the effective
time of the pressing force acting on the tool, whereas when the clearance is at its
longest, the stress wave is substantially produced by the effect of the transmission
piston created as a result of a transmission piston motion caused by the pressure fluid
pressure and acting on the energy receiving surface of the tool or a shank connected
to the tool, the length of the stress wave being substantially twice the length of the
transmission piston.

[0006A] In an embodiment, there is provided a method for controlling the
operation of a pressure fluid operated percussion device comprising: means for
feeding pressure fluid into and discharging it from the percussion device; means for
producing a stress wave by means of the pressure fluid pressure to a tool connectable
to the percussion device to move in a longitudinal direction in relation to the body

2827847_1 (GHMatters) P72718.AU - 6/10/11



P72718.AU

2006226277 06 Oct 2011

10

15

20

25

30

35

- 3a -

thereof, the means for producing the stress wave comprising a working chamber in the
body of the percussion device and a transmission piston provided in the working
chamber to move a longitudinal direction of the tool in relation to the body of the
percussion device, the transmission piston having an energy transfer surface facing
the tool to allow it to be brought into contact with an energy receiving surface of the
tool or a shank connected to the tool, means for making the pressure fluid pressure
prevailing in the working chamber push the transmission piston towards the tool for
compressing the tool in the longitudinal direction thereof by means of the pressure fluid
pressure acting on the transmission piston so that a stress wave is produced in the
tool; and correspondingly means for making the transmission piston return, the method
by comprising: influencing the shape of the stress wave by setting a clearance
between the energy transfer surface of the transmission piston and said energy
receiving surface before pressure fluid is allowed to push the transmission piston
towards the tool so that when the clearance is at its smallest, the energy transfer
surface of the transmission piston is in contact with the energy receiving surface of the
tool or of a shank connected to the tool at the moment when the effect of the pressure
fluid pressure begins, the stress wave being thus produced substantially by the effect
of the pressing force produced by the pressure fluid pressure alone and transmitted to
the tool by the transmission piston, its length of the stress wave being substantially
equal to the effective time of the pressing force acting on the tool, whereas when the
clearance is at its longest, the stress wave is substantially produced by the impact of
the transmission piston created as a result of a transmission piston motion caused by
the pressure fluid pressure and acting on the energy receiving surface of the tool or a
shank connected to the tool, the length of the stress wave being substantially twice the
length of the transmission piston, and whereas when the clearance is set to a valve
between the smallest and the largest extent, the stress wave is produced by the
combination of initial impact energy of the transmission piston acting on the energy
receiving surface of the tool or a shank connected to the tool and transfer energy
caused by the pressing force produced by the pressure fluid pressure alone
transmitting to the tool by the transmission piston.

[0006B] In another embodiment, there is provided a pressure fluid operated
percussion device comprising: means for feeding pressure fluid into and discharging it
from the percussion device; means for producing a stress wave by means of the
pressure fluid pressure to a tool connectable to the percussion device to move in a
longitudinal direction in relation to the body thereof, the means for producing the stress
wave comprising a working chamber in the body of the percussion device and a
transmission piston provided in the working chamber to move in a longitudinal direction

2827847_1 (GHMatters) P72718.AU - 6/10/11
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of the tool in relation to the body of the percussion device, the transmission piston
having an energy transfer surface facing the tool to allow it to be brought into contact
with an energy receiving surface of the tool or a shank connected to the tool; means for
making the pressure fluid pressure prevailing in the working chamber push the
transmission piston towards the tool for compressing the tool in the longitudinal
direction thereof by means of the pressure fluid pressure acting on the transmission
piston so that a stress wave is produced in the tool; and correspondingly means for
making the transmission piston return, characterized in that it comprises means for
influencing the shape of the stress wave by setting a clearance between the energy
transfer surface of the transmission piston and said energy receiving surface before
pressure fluid is allowed to push the transmission piston towards the tool so that when
the clearance is at its smallest, the energy transfer surface of the transmission piston is
in contact with the energy receiving surface of the tool or of a shank connected to the
tool at the moment when the effect of the pressure fluid pressure begins, the stress
wave being thus produced substantially by the effect of the pressing force produced by
the pressure fluid pressure alone and transmitted to the tool by the transmission piston,
its length being substantially equal to the effective time of the pressing force acting on
the tool, whereas when the clearance is at its longest, the stress wave is substantially
produced by the impact of the transmission piston created as a result of a transmission
piston motion caused by the pressure fluid pressure and acting on the energy receiving
surface of the tool or a shank connected to the tool, the length of the stress wave being
substantially twice the length of the transmission piston, and whereas when the
clearance is set to a valve between the smallest and the largest extent, the stress
wave is produced by the combination of initial impact energy of the transmission piston
acting on the energy receiving surface of the tool or a shank connected to the tool and
transfer energy caused by the pressing force produced by the pressure fluid pressure
alone transmitting to the tool by the transmission piston.

[0006C] In yet another embodiment, there is provided a method for controlling
the operation of a pressure fluid operated percussion device comprising: means for
feeding pressure fluid into and discharging the fluid from the percussion device, means
for producing a stress wave by means of the pressure fluid pressure to a tool
connectable to the percussion device to move in a longitudinal direction in relation to
the body thereof, the means for producing the stress wave comprising a working
chamber in the body of the percussion device and a transmission piston provided in
the working chamber to move a longitudinal direction of the tool in relation to the body
of the percussion device, the transmission piston having an energy transfer surface
facing the tool to allow it to be brought into contact with an energy receiving surface of

2827847_1 (GHMatters) P72718.AU - 6/10/11
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an auxiliary piston formed to the tool or to a shank connected to the tool; means for
making the pressure fluid pressure prevailing in the working chamber push the
transmission piston towards the tool for compressing the tool in the longitudinal
direction thereof by means of the pressure fluid pressure acting on the transmission
piston so that a stress wave is produced in the tool; and correspondingly, means for
making the transmission piston return, the method comprising: influencing the shape of
the stress wave by setting a clearance between the energy transfer surface of the
transmission piston and said energy receiving surface of the auxiliary piston before
pressure fluid is allowed to push the transmission piston towards the tool so that when
the clearance is at its smallest, the energy transfer surface of the transmission piston is
in contact with the energy receiving surface of the auxiliary piston formed to the tool or
to a shank connected to the tool at the moment when the effect of the pressure fluid
pressure begins, the stress wave being thus produced substantially by the effect of the
pressing force produced by the pressure fluid pressure alone and transmitted to the
tool by the transmission piston, the length of the stress wave being substantially equal
to the effective time of the pressing force acting on the tool, whereas when the
clearance is at its longest, the stress wave is substantially produced by the impact of
the transmission piston created as a result of a transmission piston motion caused by
the pressure fluid pressure and acting on the energy receiving surface of the auxiliary
piston formed to the tool or to a shank connected to the tool, the length of the stress
wave being substantially twice the length of the transmission piston, and whereas
when the clearance is set to a value between the smallest and largest extent. the
stress wave is produced by the combination of initial impact energy of the transmission
piston acting on the energy receiving surface of the auxiliary piston formed to the tool
or to a shank connected to the tool and transfer energy caused by the pressing force
produced by the pressure fluid pressure alone transmitting to the tool by the
transmission piston.

[0006D] In a further embodiment, there is provided a pressure fluid operated
percussion device comprising: means for feeding pressure fluid into and discharging
the fluid from the percussion device; means for producing a stress wave by means of
the pressure fluid pressure to a tool connectable to the percussion device to move in a
longitudinal direction in relation to the body thereof, the means for producing the stress
wave comprising a working chamber in the body of the percussion device and a
transmission piston provided in the working chamber to move in a longitudinal direction
of the tool in relation to the body of the percussion device, the transmission piston
having an energy transfer surface facing the tool to allow it to be brought into contact
with an energy receiving surface of an auxiliary piston formed to the tool or to a shank

2827847_1 (GHMatters) P72718 AU - 6/10/11
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connected to the tool; means for making the pressure fluid pressure prevailing in the
working chamber push the transmission piston towards the tool for compressing the
tool in the longitudinal direction thereof by means of the pressure fluid pressure acting
on the transmission piston so that a stress wave is produced in the tool; and
correspondingly, means for making the transmission piston return; and means for
influencing the shape of the stress wave by setting a clearance between the energy
transfer surface of the transmission piston and said energy receiving surface of the

auxiliary piston before pressure fluid is allowed to push the transmission piston towards
the tool so that when the clearance is at its smallest, the energy transfer surface of the
transmission piston is in contact with the energy receiving surface of the auxiliary
piston formed to the tool or to a shank connected to the tool at the moment when the
effect of the pressure fluid pressure begins, the stress wave being thus produced
substantially by the effect of the pressing force produced by the pressure fluid pressure
alone and transmitted to the tool by the transmission piston, the length of the stress

wave being substantially equal to the effective time of the pressing force acting on the
tool, whereas when the clearance is at its longest, the stress wave is substantially ‘
produced by the impact of the transmission piston created as a result of a transmission
piston motion caused by the pressure fluid pressure and acting on the energy receiving
surface of the auxiliary piston formed to the tool or to a shank connected to the tool,
the length of the stress wave being substantially twice the length of the transmission
piston, and whereas when the clearance is set to a value between the smallest and
largest extent, the stress wave is produced by the combination of initial impact energy
of the transmission piston acting on the energy receiving surface of the auxiliary piston
formed to the tool or to a shank connected to the tool and transfer energy caused by
the pressing force produced by the pressure fluid pressure alone transmitting to the
tool by the transmission piston.

2827847_1 (GHMatters) P72718.AU - 6/10/11
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[0007] A basic idea of the invention is that the clearance between
the transmission piston and the tool, between the transmission piston and a
transmission piece provided between the transmission piston and the tool, or
between the transmission piece and the tool is provided with a desired size to
produce a desired stress wave on the tool.

[0008] An advantage of the invention is that a pulse-like stroke thus
generated does not require a percussion piston moving on a long reciprocating
travel and thus there are no great masses to be moved back and forth in the
stroke direction, as a result of which the dynamic forces crated are small com-
pared with those of the prior art heavy reciprocating percussion pistons. Fur-
ther, this configuration allows stroke frequency to be increased without sub-
stantially impairing effectiveness. A further advantage of the invention is that
by adjusting the clearance between the percussion element and the tool, the
shape and/or other characteristics of the stress wave transmitted to the tool
are easily adjustable as required by working conditions, such as the hardness
of the material to be drilled or struck.

BRIEF DESCRIPTION OF THE FIGURES

[0009] The invention will be described in greater detail with refer-
ence to the following drawings, in which

Fig. 1 is a schematic view of an operating principle of a percussion
device of the invention;

Fig. 2 is a schematic view of an embodiment of the percussion de-
vice of the invention;

Fig. 3 is a schematic view of a second embodiment of the percus-
sion device of the invention;

Fig. 4 is a schematic graph depicting the operation of the percussion
device of the invention with different values of clearance;

Fig. 5 is a schematic view of a third embodiment of the percussion
device of the invention;

Fig. 6 is a schematic view of yet another embodiment of the percus-
sion device of the invention; and

Fig. 7 is a schematic view of yet another embodiment of the percus-
sion device of the invention.
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DETAILED DESCRIPTION OF THE INVENTION

[0010] In Figures 1 to 7 like components are given like reference
numerals, and their functioning and characteristics are not going to be re-
peated in connection with each figure more than is necessary for understand-
ing the disclosure.

[0011] Fig. 1 is a schematic view of an operating principle of a per-
cussion device of the invention. The Figure shows a percussion device 1 and
its body 2 drawn with a broken line, one end of the body being provided with a
tool 3 that is longitudinally movable in relation to the percussion device 1. In-
side the body 2 there is a working chamber 4 into which pressure fluid is sup-
plied in different ways, to be described below, to generate a stress wave. The
working chamber 4 is partly defined by a transmission piston 5 located be-
tween the chamber and the tool 3 and movable in the axial direction of the tool
3 in relation to the body 3. The percussion device is pushed into the direction
of the material to be broken as indicated by arrow Fs to enable the tip of the
tool 3, i.e. most commonly a drill bit, to be pressed with sufficient force against
the material M to be broken. Since the transmission piston 5 is subject to a
pressurized pressure fluid pushing the transmission piston 5 towards the tool
3, the pressing force F, generated by pressure P is transmitted via the trans-
mission piston 5 to compress the tool 3 and thereby cause a stress wave in the
tool 3, the wave propagating in the direction of arrow A through the tool 3 into
the material M to be broken.

[0012] Fig. 2 is a schematic view of an embodiment of a percussion
device of the invention. The working chamber 4 is connected via a channel 4a
to a pressure source, such as a pressure fluid pump 7, feeding pressurized
pressure fluid into the chamber 4. On the other side of the transmission piston
5, opposite the working chamber 4, there is a return chamber 6, which is in
turn connected via a channel 9 and a valve 8 to the pressure fluid source, such
as the pressure fluid pump 7, feeding pressurized pressure fluid to the valve 8
through a channel 14a. From the valve 8 there is a pressure fluid return con-
duit 14b to a pressure fluid container 10.

[0013] In the situation shown in Fig. 2, a return operation of the
transmission piston 5 is carried out, which means that pressure fluid is sup-
plied into the return chamber 6 under the control of the valve 8 so that the
transmission piston 5 moves towards the working chamber 4 until it has settled
into its uppermost or rear position shown in Fig. 2. At the same time, pressure



10

15

20

25

30

35

WO 2006/100350 PCT/F12006/050109

fluid is discharged from the working chamber 4. The rear position of the trans-
mission piston 5 in the percussion device 1 is using mechanical solutions, such
as different collars or stoppers, implemented in the embodiment of Fig. 2 by a
collar 2a and the rear surface of a flange 5a. During operation, the percussion
device 1 is pushed towards the material to be treated by a force Fg, known as
the feed force, which keeps the tip of the tool 3, i.e. the drill bit or the like, in
contact with the material to be treated. When the transmission piston 5 has
moved into the position shown in Fig. 2, the valve 8 is moved into another posi-
tion, thus allowing pressure fluid to be abruptly discharged from the return
chamber 6 into the pressure fluid container 10. This allows the transmission
piston 5 to be pushed forward into the direction of the tool 3 by the effect of
both the pressure fluid already in the working chamber 4 and the fluid flowing
there from the pressure fluid pump 7. The pressure acting on the transmission
piston 5 in the working chamber 4 generates a pressing force that pushes the
transmission piston 5 towards the tool 3. This pressing force in turn com-
presses the tool 3, when the energy transfer surface 5b of the transmission
piston 5 and the energy receiving surface 3a of the tool or a shank connected
thereto are in contact with each other. As a result, a sudden compression
stress is generated in the tool 3 via the transmission piston 5, this then produc-
ing a stress wave extending through the tool 3 to the material to be treated.
From the material to be treated, a pulse known as a reflected pulse returns
through the tool 3, thereby pushing the transmission piston 5 back towards the
working chamber, the energy of the reflected pulse thus being transmitted into
the pressure fluid in the working chamber 4. At the same time the valve 8 is
switched back to the position shown in Fig. 2 and pressure fluid is again sup-
plied into the return chamber 6 so as to push the transmission piston 5 into its
predetermined rear position.

[0014] There are various alternatives for selecting the pressure sur-
faces of the transmission piston 5, i.e. a surface A1 facing the working cham-
ber 4 and a surface A2 facing the return chamber 6. The simplest alternative is
the one shown in Fig. 2, where the surfaces differ in size. In this case suitably
selected surface areas will allow an equal pressure to be applied on both sides
of the transmission piston 5. Therefore pressure fluid may be supplied to the
chambers from the same source. This facilitates the implementation of the per-
cussion device and provides a further advantage in that the transmission pis-
ton 5 can be easily provided with a collar-like flange 5a formed thereto and the
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body with a corresponding collar 2a, the collar 2a of the body 2 determining the
rear position of the transmission piston 5, i.e. the uppermost position in the
Figure, and the position where the generating of the stress wave always be-
gins. It is also possible to have surface areas of an equal size, in which case
the pressure must be higher in the return chamber 6 than in the working
chamber 4.

[0015] Fig. 2 further shows, by way of example, an auxiliary piston
3b formed to the tool 3 or to the shank connected thereto and located in a cyl-
inder space 11 provided in the body of the percussion device. The cylinder
space 11, in turn, is connected to the pressure fluid pump 7 via a channel 12
and a valve 13 to allow pressure fluid to be fed into the cylinder space 11 for
the purpose of adjusting the size of a clearance d marked in the Figure so as
to obtain a desired energy transfer and a stress wave shape. By feeding into
the cylinder space 11 an amount of pressure fluid equal to a specific volume, a
clearance d is formed between the transmission piston 5 on one side and the
tool 3 or an impact surface of a shank connected thereto on the other side. The
clearance d may obtain a value varying between zero and a desired value of 2
mm at its maximum, for example. A suitably adjusted clearance allows the en-
ergy transmitted to the tool to be divided into impact energy, on one hand, and
to transfer energy on the other. Impact energy can be defined by the following
formula:

Eqnpaci= 12Mm W’ (1)
where Eimpact = impact energy
m = transmission piston mass

Vio = transmission piston velocity at the moment it strikes the tool

[0016] Correspondingly, transfer energy can be defined by the fol-
lowing formula:

ES = Ij}ds = ngd[ ,

where Es = transfer energy
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So = the position of the tool tip at time instant to, when the trans-
mission piston comes into contact with the tool and com-
pression starts

s1 = the position of the tool tip at time instant t;, when compres-
sion ends

Fp = pressing force generated by pressure and acting on the
tool

[0017] Impact energy Eimpact is transferred when the energy transfer
surface 5b of the transmission piston 5 strikes the energy receiving surface 3a
of the tool or the shank shortly after the pressure starts to push the transmis-
sion piston 5 towards the tool 3. The greater the clearance, the greater the
amount of energy transferred in the form of impact energy and, correspond-
ingly, the lesser the amount transferred as transfer energy from the moment
when the transmission piston 5 rests against the tool tip either directly or
through a separate transmission piece. This adjustment is particularly applica-
ble for striking or drilling different types of rock material so that a greater clear-
ance is used for harder rock material and a greater amount of energy is trans-
ferred as impact energy, whereas a smaller clearance is be used for softer
rock material and a greater amount of energy is transferred as transfer energy.

[0018] Fig. 3 is a schematic view of a second percussion device
suitable for implementing the method of the invention. This embodiment differs
from the one above in that pressure fluid is not fed continuously into the work-
ing chamber 4, but the pressure fluid pressure is made to act directly on the
transmission piston 5 alternately via the working chamber 4 and the return
chamber 6. When in operation, the percussion device is pushed forward at a
force Fs so that a collar 3b' of the tool 3 rests against the body 2 at the same
time as the tool 3 is in contact with the material that is the object of the impact,
such as rock (not shown) that is to be broken. In the situation illustrated in Fig.
3 the control valve 8 is used to allow pressure fluid to flow rapidly through the
conduit 9' into the working chamber 4, where it acts on the pressure surface of
the transmission piston 5 facing away from the tool. At the same time the pres-
sure fluid is allowed to exit from the return chamber 6 through the channel 9.
The sudden surge of pressurized pressure fluid into the working chamber 4
generates a pressure pulse, the force it produces pushing the transmission
piston 5 towards the tool 3 and thereby compressing the tool in the longitudinal



10

15

20

25

30

35

WO 2006/100350 PCT/F12006/050109

direction thereof. This produces a stress wave in the drill rod or other tool in
the form of a wave that propagates to the tool tip, such as a drill bit, causing
there an impact on the material to be treated by means of percussion devices
known per se. When a stress wave of a desired length has been produced, the
supply of pressure fluid into the working chamber 4 is cut off by means of the
control valve 8, thus terminating the generation of the stress wave, and pres-
sure fluid is allowed to flow from the working chamber 4 through a return chan-
nel 9' and the control valve 8 into the pressure fluid container 10. At the same
time pressure fluid is supplied into the return chamber 6 via the channel 9 to
allow the transmission piston 5 to return backward. This takes place by moving
the control valve 8 to the left from the position shown in Fig. 3 to cross-connect
the pressure fluid feed and supply channels. Pressure fluid is fed into the re-
turn chamber 6 in an amount that will move the transmission piston 5 towards
the working chamber 4 for a desired distance. In other words, this allows the
length of the clearance d between the tool and the transmission piston to be
adjusted, because the return motion of the tool stops, when its collar 3b'
comes into contact with the body 2, but the transmission piston is still able to
move further backward. Correspondingly, by adjusting the length and the pres-
sure of the pressure pulse of the pressure fluid, it is possible to adjust the
length and intensity of the stress wave. Yet another way to adjust the charac-
teristics of the percussion device is to adjust the time between the pulses
and/or the feed frequency of the pulses and the clearance. If a situation in
which the clearance d = 0 is to be aimed at, the return motion of the transmis-
sion piston can be implemented simply by pushing the percussion device 1 into
the direction of the tool 3 at a feed force Fs. The tool 3 then pushes the trans-
mission piston 5 backward for a suitable distance.

[0019] The effect of the force generated by pressure and acting on
the tool 3 through the transmission piston 5 can be terminated also in other
ways than by cutting the supply of pressure fluid into the working chamber 4.
For example, the movement of the transmission piston 5 can stopped against
the collar 2', whereby the pressure acting in the working chamber 4 behind the
transmission piston 5 is no longer able to push the piston into the direction of
the tool 3 in relation to the body 2.

[0020] Fig. 4 is a schematic graph of the operation of an embodi-
ment of the invention and its energy transfer in a situation, where the clearance
between the transmission piston 5 and the tool or between the transmission
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piston 5 and the transmission piece between the transmission piston 5 and the
tool 3 is varied. Curve A depicts energy transfer in a situation in which the
clearance d is 0 mm. In this case the stress wave is transferred from the
transmission piston 5 to the tool entirely in the form of transfer energy. In the
situation depicted by curve B the clearance d is 0.2 mm. In this case the
transmission piston 5 may first move in the tool direction for 0.2 mm without
resistance. After less than 0.2 ms, a stress wave is therefore first produced in
the tool by the impact of the transmission piston 5 or the transmission piece
between the piston and the tool striking the tool. This transfers energy from the
transmission piston 5 to the tool in the form of impact energy. From there on,
until about 0.3 ms has elapsed, energy transfers in the form of transfer energy
as the force produced by the pressure fluid pressure acts on the transmission
piston 5 and compresses the tool. Curve G, in turn, depicts a situation in which
the clearance d is 0.4 mm, whereby the transmission piston 5 moves towards
the tool for 0.25 ms, most of the energy being transferred to the tool in the form
of impact energy and the rest in the form of transfer energy, because the
transmission piston 5 and the tool remain in contact with each other for about
0.1 ms.

[0021] Fig. 5 is a schematic view of a third embodiment of a percus-
sion device of the invention. This embodiment relates to a control method of
the percussion device of the invention and a basic description of control
equipment thereof.

[0022] The control equipment is provided with a control unit 15 con-
trolling the functions of the percussion device. Further, reference number 16
denotes feed equipment, which may be any kind of feed equipment known per
se for pushing the percussion device 1 forward in the direction of the tool 3.
Reference numeral 17 denotes a unit for measuring and adjusting the clear-
ance d during the operation of the percussion device. Further, reference nu-
meral 18 denotes pressure fluid control valves that may either consist of sepa-
rate valves or form a single valve configuration. The feed device 16, the clear-
ance measurement and adjustment unit 17, and the control valves 18 are con-
nected to the control unit 15 by means of signal channels 19 to 21, depicted
with broken lines, which are typically electric conduits. The pressure fluid pump
7 and the pressure fluid container 10 are connected to the control valves 18 by
channels 14a and 14b, respectively, the control valves 18 being, in turn, pro-
vided with pressure fluid channels leading to the feed equipment 16, impact
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device 1, and clearance measurement and adjustment unit 17. Further, the
control unit 15 may be connected to control the pump 7, as shown with a bro-
ken line 22.

[0023] When the percussion device is in operation, sensors pro-
vided in the measurement and adjustment unit 17 measure the operation of the
percussion device 1 for example by measuring the clearance d and/or the re-
turn pulse of the stress wave coming from the tool 3. On the basis of these
measurement values, the clearance d is then adjusted as desired according to
the drilling conditions. Likewise, the control unit 15 can also be used to control
feed and pressure fluid pressure as well as the functions of the percussion de-
vice in general either by means of separate manual guides or automatically, on
the basis of preset parameters.

[0024] Fig. 6 is yet another view of an embodiment of the percus-
sion device of the invention. The essential elements of this embodiment are
the cross-sectional surfaces of the transmission piston 5 and the tool. This
embodiment corresponds to that of Fig. 3, for example, and therefore it is not
considered necessary to repeat the disclosure of the details already described.
The effective pressure surface of the transmission piston is its cross-sectional
surface Apm facing the working chamber. The corresponding cross-sectional
surface on the tool is Apt. In order to make the compression stress as high as
possible in relation to the pressure fluid pressures available, it would be advan-
tageous to have in the transmission piston 5 a surface area Apm at least three
times the size of the cross-sectional area Ayt of the tool 3.

[0025] Fig. 7 is yet another schematic view of a percussion device
suitable for implementing the method of the invention. This embodiment corre-
sponds otherwise to the solution of Fig. 3, except that here the pressure fluid
pressure acts in the return chamber 6 all the time during the operation, pres-
sure fluid being alternately fed into and discharged from the working chamber
4 through the control valve 8. In this case the force compressing the tool 3 is
created as a result of the difference in the surface area between the pressure
surfaces, because the surface facing the working chamber 4 is greater than
the surface facing the return chamber 6. In the situation of Fig. 7 the transmis-
sion piston 5 is subject to a force caused by the pressure fluid pressure pre-
vailing in the working chamber 4 and moving it towards the tool 3.

[0026] The above specification and the accompanying drawings are
only meant to illustrate the invention and not to restrict it in any way. An essen-
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tial aspect of the invention is that stress wave characteristics are adjusted by providing
a clearance of a desired size between the transmission piston and the tool so that the
tool may be subjected to a stress generated only by compression or to a stress
generated only by the kinetic energy caused by an impact, or to a combined form of
stress of some kind. The various details and solutions of the embodiments illustrated in
the different Figures may be combined in various ways for different practical
implementations.

In the claims which follow and in the preceding description of the invention,
except where the context requires otherwise due to express language or necessary
implication, the word “comprise” or variations such as “comprises” or “comprising” is
used in an inclusive sense, i.e. to specify the presence of the stated features but not to
preclude the presence or addition of further features in various embodiments of the
invention.
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.13.
CLAIMS

1. A method for controlling the operation of a pressure fluid operated
percussion device comprising:

means for feeding pressure fluid into and discharging it from the percussion
device;

means for producing a stress wave by means of the pressure fluid pressure to
a tool connectable to the percussion device to move in a longitudinal direction in
relation to the body thereof, the means for producing the stress wave comprising a
working chamber in the body of the percussion device and a transmission piston
provided in the working chamber to move a longitudinal direction of the tool in relation
to the body of the percussion device, the transmission piston having an energy transfer
surface facing the tool to allow it to be brought into contact with an energy receiving
surface of the tool or a shank connected to the tool,

means for making the pressure fluid pressure prevailing in the working chamber
push the transmission piston towards the tool for compressing the tool in the
longitudinal direction thereof by means of the pressure fluid pressure acting on the
transmission piston so that a stress wave is produced in the tool; and correspondingly

means for making the transmission piston return, the method comprising:

influencing the shape of the stress wave by setting a clearance between the
energy transfer surface of the transmission piston and said energy receiving surface
before pressure fluid is allowed to push the transmission piston towards the tool so that
when the clearance is at its smallest, the energy transfer surface of the transmission
piston is in contact with the energy receiving surface of the tool or of a shank
connected to the tool at the moment when the effect of the pressure fluid pressure
begins, the stress wave being thus produced substantially by the effect of the pressing
force produced by the pressure fluid pressure alone and transmitted to the tool by the
transmission piston, its length of the stress wave being substantially equal to the
effective time of the pressing force acting on the tool, whereas when the clearance is at
its longest, the stress wave is substantially produced by the impact of the transmission
piston created as a result of a transmission piston motion caused by the pressure fluid
pressure and acting on the energy receiving surface of the tool or a shank connected
to the tool, the length of the stress wave being substantially twice the length of the
transmission piston, and whereas when the clearance is set to a valve between the
smallest and the largest extent, the stress wave is produced by the combination of
initial impact energy of the transmission piston acting on the energy receiving surface
of the tool or a shank connected to the tool and transfer energy caused by the pressing
force produced by the pressure fluid pressure alone transmitting to the tool by the
transmission piston.

2. A method according to claim 1, including adjusting the clearance according
to drilling conditions.
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3. A method according to claim 1 or 2, including reducing the clearance in
order to increase the amount of transfer energy caused by the compression in the
stress wave.

4. A method according to claim 1 or 2, including by increasing the clearance in
order to increase the amount of impact energy caused by a transmission piston stroke
in the stress wave.

5. A method according to any one of claims 1 to 4, wherein the size of the
clearance is set according to the characteristics of the material to be drilled.

6. A method according to any one of claims 1 to 5, wherein the size of the
clearance is set at a value between 0 and 2 mm.

7. A method according to claim 6, wherein the size of the clearance is adjusted
within a range from 0 to 2 mm.

8. A method according to any one of the preceding claims, wherein the
transmission piston is provided with a pressure surface area that is at least three times
the cross-sectional surface area of the tool.

9. A pressure fluid operated percussion device comprising:

means for feeding pressure fluid into and discharging it from the percussion
device,

means for producing a stress wave by means of the pressure fluid pressure to

a tool connectable to the percussion device to move in a longitudinal direction in

relation to the body thereof, the means for producing the stress wave comprising a

working chamber in the body of the percussion device and a transmission piston

provided in the working chamber to move in a longitudinal direction of the tool in

relation to the body of the percussion device, the transmission piston having an energy !
transfer surface facing the tool to allow it to be brought into contact with an energy !
receiving surface of the tool or a shank connected to the tool; '

means for making the pressure fluid pressure prevailing in the working chamber
push the transmission piston towards the tool for compressing the tool in the
longitudinal direction thereof by means of the pressure fluid pressure acting on the
transmission piston so that a stress wave is produced in the tool; and correspondingly

means for making the transmission piston return, and

means for influencing the shape of the stress wave by setting a clearance
between the energy transfer surface of the transmission piston and said energy
receiving surface before pressure fluid is allowed to push the transmission piston
towards the tool so that when the clearance is at its smallest, the energy transfer
surface of the transmission piston is in contact with the energy receiving surface of the
tool or of a shank connected to the tool at the moment when the effect of the pressure
fluid pressure begins, the stress wave being thus produced substantially by the effect
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of the pressing force produced by the pressure fluid pressure alone and transmitted to
the tool by the transmission piston, its length being substantially equal to the effective
time of the pressing force acting on the tool, whereas when the clearance is at its
longest, the stress wave is substantially produced by the impact of the transmission
piston created as a result of a transmission piston motion caused by the pressure fluid
pressure and acting on the energy receiving surface of the tool or a shank connected
to the tool, the length of the stress wave being substantially twice the length of the
transmission piston, and whereas when the clearance is set to a valve between the
smallest and the largest extent, the stress wave is produced by the combination of
initial impact energy of the transmission piston acting on the energy receiving surface
of the tool or a shank connected to the tool and transfer energy caused by the pressing
force produced by the pressure fluid pressure alone transmitting to the tool by the
transmission piston.

10. A percussion device according to claim 9, comprising means for receiving
feed force and for supplying it to the tool.

11. A percussion device according to claim 9 or 10, wherein the means for
producing the stress wave comprise means for supplying pressure fluid alternately
directly into the working chamber to act on the tool via the transmission piston and out
of the chamber.

12. A percussion device according to claim 9 or 10, wherein the means for
generating the stress wave comprise means for leading pressured pressure fluid
continuously into the working chamber to act on the tool via the transmission piston
and means for feeding pressure fluid alternately to act on the transmission piston via
the return chamber opposite the working chamber so as to push the transmission
piston towards the working chamber and, correspondingly, away from the return
chamber to allow the pressure of the pressure fluid in the working chamber to push the
transmission piston towards the tool.

13. A percussion device according to any one of claims 9 to 12, wherein the
means for adjusting the clearance comprise means for moving the transmission piston
to a predetermined position in relation to the body of the percussion device so as to
provide a clearance of a desired size.

14. A percussion device according to any one of claims 9 to 13, comprising a
control unit, a unit for measuring and adjusting clearance and at least one control valve
for controlling pressure fluid supply to the percussion device, and in that when the
percussion device is in operation, the control unit is connected to control the clearance
measurement and adjustment unit on the basis of measured parameters.

15. A percussion device according to any one of claims 9 to 14, wherein the
percussion device belongs to a rock drilling apparatus or the like.

16. A percussion device according to any one of claims 9 to 15, comprising a
control valve for controlling the flow of pressure fluid into and out of the percussion
device.
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17. A percussion device according to claim 15, comprising means for
continuously supplying pressure fluid into the percussion device and that the control
valve is configured to control the discharge of the pressure fluid periodically.

18. A percussion device according to any one of claims 9to 17, wherein the
size of the clearance is set at a value between 0 and 2 mm.

19. A percussion device according to claim 18, wherein the size of the
clearance is adjusted within a range from 0 to 2 mm.

20. A percussion device according to any one of claims 9 to 18, wherein the
pressure surface of the transmission piston is at least three times the cross-sectional
surface of the tool.

21. A method for controlling the operation of a pressure fluid operated
percussion device comprising:

means for feeding pressure fluid into and discharging the fluid from the
percussion device;

means for producing a stress wave by means of the pressure fluid pressure to
a tool connectable to the percussion device to move in a longitudinal direction in
relation to the body thereof, the means for producing the stress wave comprising a
working chamber in the body of the percussion device and a transmission piston
provided in the working chamber to move a longitudinal direction of the tool in relation
to the body of the percussion device, the transmission piston having an energy transfer
surface facing the tool to allow it to be brought into contact with an energy receiving
surface of an auxiliary piston formed to the tool or to a shank connected to the tool;

means for making the pressure fluid pressure prevailing in the working chamber
push the transmission piston towards the tool for compressing the tool in the
longitudinal direction thereof by means of the pressure fluid pressure acting on the
transmission piston so that a stress wave is produced in the tool; and correspondingly,

means for making the transmission piston return, the method comprising:

influencing the shape of the stress wave by setting a clearance between the
energy transfer surface of the transmission piston and said energy receiving surface of
the auxiliary piston before pressure fluid is allowed to push the transmission piston
towards the tool so that when the clearance is at its smallest, the energy transfer
surface of the transmission piston is in contact with the energy receiving surface of the
auxiliary piston formed to the tool or to a shank connected to the tool at the moment
when the effect of the pressure fluid pressure begins, the stress wave being thus
produced substantially by the effect of the pressing force produced by the pressure
fluid pressure alone and transmitted to the tool by the transmission piston, the length of
the stress wave being substantially equal to the effective time of the pressing force
acting on the tool, whereas when the clearance is at its longest, the stress wave is
substantially produced by the impact of the transmission piston created as a result of a
transmission piston motion caused by the pressure fluid pressure and acting on the
energy receiving surface of the auxiliary piston formed to the tool or to a shank
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connected to the tool, the length of the stress wave being substantially twice the length
of the transmission piston, and whereas when the clearance is set to a value between
the smallest and largest extent, the stress wave is produced by the combination of
initial impact energy of the transmission piston acting on the energy receiving surface
of the auxiliary piston formed to the tool or to a shank connected to the tool and
transfer energy caused by the pressing force produced by the pressure fluid pressure
alone transmitting to the tool by the transmission piston.

22. The method according to claim 21, wherein the percussion device further
comprises a cylinder space provided in the body of the percussion device that contains
the auxiliary piston formed to the tool or to a shank connected to the tool.

23. The method according to claim 22, wherein the step of setting a clearance
includes allowing pressure fluid to be fed into the cylinder space provided in the body
of the percussion device to push the auxiliary piston further or closer to the
transmission piston.

24. A pressure fluid operated percussion device comprising:

means for feeding pressure fluid into and discharging the fluid from the
percussion device,

means for producing a stress wave by means of the pressure fluid pressure to
a tool connectable to the percussion device to move in a longitudinal direction in
relation to the body thereof, the means for producing the stress wave comprising a
working chamber in the body of the percussion device and a transmission piston
provided in the working chamber to move in a longitudinal direction of the tool in
relation to the body of the percussion device, the transmission piston having an energy
transfer surface facing the tool to allow it to be brought into contact with an energy
receiving surface of an auxiliary piston formed to the tool or to a shank connected to
the tool;

means for making the pressure fluid pressure prevailing in the working chamber
push the transmission piston towards the tool for compressing the tool in the
longitudinal direction thereof by means of the pressure fluid pressure acting on the
transmission piston so that a stress wave is produced in the tool; and correspondingly

means for making the transmission piston return; and

means for influencing the shape of the stress wave by setting a clearance
between the energy transfer surface of the transmission piston and said energy
receiving surface of the auxiliary piston before pressure fluid is allowed to push the
transmission piston towards the tool so that when the clearance is at its smallest, the
energy transfer surface of the transmission piston is in contact with the energy
receiving surface of the auxiliary piston formed to the tool or to a shank connected to
the tool at the moment when the effect of the pressure fluid pressure begins, the stress
wave being thus produced substantially by the effect of the pressing force produced by
the pressure fluid pressure alone and transmitted to the tool by the transmission piston,
the length of the stress wave being substantially equal to the effective time of the
pressing force acting on the tool, whereas when the clearance is at its longest, the
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stress wave is substantially produced by the impact of the transmission piston created
as a result of a transmission piston motion caused by the pressure fluid pressure and
acting on the energy receiving surface of the auxiliary piston formed to the tool or to a
shank connected to the tool, the length of the stress wave being substantially twice the
length of the transmission piston, and whereas when the clearance is set to a value
between the smallest and largest extent, the stress wave is produced by the
combination of initial impact energy of the transmission piston acting on the energy
receiving surface of the auxiliary piston formed to the tool or to a shank connected to
the tool and transfer energy caused by the pressing force produced by the pressure
fluid pressure alone transmitting to the tool by the transmission piston.

25. The percussion device according to claim 24, wherein the percussion
device further comprises a cylinder space provided in the body of the percussion
device that contains the auxiliary piston formed to the tool or to a shank connected to
the tool.

26. The percussion device according to claim 25, wherein the means of
influencing the shape of the stress wave further comprises a pressure fluid pump and
channel connected to the cylinder space for providing pressure fluid to the cylinder
space provided in the body of the percussion device to push the auxiliary piston further
or closer to the transmission piston.
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