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IMPACT DEVICE WITH A ROTABLE CONTROL VALVE.
BACKGROUND OF THE INVENTION

[0001] The invention relates to an impact device for generating a
stress pulse in a tool, the impact device comprising a frame to which the tool is
connectible, and between the frame and the tool a transmission member, such
as a transmission piston, the tool being in contact with the tool-side end of the

transmission member either directly or indirectly at least part of the time during
the generation of the stress pulse, means. for generating a force between the
frame and the transmission member such that the force tends to push the
fransmission member towards the tool, and a first hydraulic fluid bspace on the
tool-side relative to the transmission member, whereby the transmission mem-
ber comprises a first pressure surface located on the side of the first hydraulic
fluid space towards the tool, means for leading pressurized hydraulic fiuid into
said first hydraulic fluid space and for enabling sudden flow of the hydraulic
fluid out of said first hydraulic fluid space such that said force between the
frame and the transmission member causes, either directly or indirectly via the
transmission member and when the tfransmission member is in contact with the
tool, a force compressing the tool in its longitudinal direction and, due to the
effect thereof, a stress pulse in the tool in its axial direction, and a hydraulic
fluid channel for feeding pressurized hydraulic fluid into the impact device, and
a discharge channel for leading the hydraulic fluid out of the impact device.

[0002] The invention further relates to a control vaive for controlling
the work cycle of a hydraulic fiuid-driven impact device, a feed channel leading
to the impact device and, correspondingly, a discharge channel for leading hy-
draulic fluid into and out of the impact device, the control valve being intended
fo be installed rotatingly in a space in a frame of the impact device, at least one
hydraulic fluid discharge channel leading to said space, the control valve com-
prising at least one channel or opening for-controlling the flow of hydraulic fluid.

[0003] In known impact devices, impacts are achieved by using a
reciprocating percussion piston, whose movement is typically achieved hydrau-
lically or pneumatically or in some cases also electrically- or by the use of a
combustion enginé as the power source. A stress pulse is generated in the tool
when the percussion piston impacts on the end of the tool or a shank con-
nected thereto.

[0004] The impact mechanism of the impact device can aiso be im-
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plemented by using a special stress element to generate an impact puise.
Such a stress element may be a mechanical one-element or multi-element
piece subjected to stress in the longitudinal direction of the tool, or hydraulic
fluid, arranged in a pressurized state in some space. In these solutions, the
stress element is subjected to stress or pressure, respectively, and, at the
same time, directly or indirectly pushed against the end of the tool or a shank
connected thereto. Hereinafter, in the present patent application and in the
claim, the definition ‘stress element’ refers to both a mechanic solution and a
solution implemented with hydraulic fluid. Correspondingly, the definition ‘sub-
jected to stress’ refers to both subjecting a mechanical piece to mechanical
stress and to subjecting hydraulic fluid to pressure. When these are suddenly
released from stress or, correspondingly, the pressure is suddenly allowed to
drop, the result is the generatioh of a stress pulse that is transferred to the tool
and that way, through the tool, to the material to be broken. In order for a suffi-
ciently strong stress pulse to be generated, the release of the stress element
from stress or pressure has to occur rapidly. On the other hand, the stress has
to be achieved in a manner enabling high stresses and high pressures without
any limits set by mechanical wear or material load. Consequently, in practice,
the stress phase or the pressure of the stress element is raised simplest by the
use of a nyaraulic medium or hydraulic medium-driven piston and valve struc-
tures. To ensure a sufficiently high hydraulic fluid flow in the impact bhase at a
sufficient speed to achieve the required fast pressure release, the control valve
controlling the impacts has to be able to control sufficiently large liquid flows at
a sufficiently high frequency.

BRIEF DESCRIPTION OF THE INVENTION

[0005] The object of the present invention is to achieve an impact
device and a control valve for efficient implementation of the generation of a
stress pulse by means of a stress element, the control of the impacts of the
impact device also being simple. The impact device of the invention is charac-
terized in that the means for leading hydraulic fluid out of the first hydraulic
fluid space comprise a rotatingly installed control valve having control chan-
nels/openings for leading the hydraulic fluid intermittently from the first hydrau-
lic fluid space to the discharge channel, and that the control valve has several
parallel control channels/openings that substantially simultaneously open a
connection between the first hydraulic fluid space and the hydraulic fluid dis-
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charge channel, respectively. The control valve of the invention is character-
ized In that the control valve comprises a plurality of parallel channels or open-
Ings, which, as the control valve is rotating, alternately simultaheously open a
connection from the impact device to the dlscharge channel and close the
connection to the discharge channel, respectively.” R

[0006] The essential idea of the invention is that a rotating valve is
employed in the impact device as the control valve for controlling the hydraulic
fluid flow to and from the hydraulic fluid space used for stressing the stress
element; the valve comprising first control channeis for releasing the pressure
of the hydraulic fluid loading the stress element in a manner allowing energy to
be transferred from the stress element to the tool as a stress pulse. Further-
more, the essential idea of a preferred embodiment of the invention is that the
control valve comprises second control channels for coupling the hydraulic
fluid pressure to the stress element alternately with pressure release. The es-
sential idea of a second preferred embodiment of the invention is that it com-
prises separate auxiliary valves for controlling the feed of hydraulic fluid to the
stress element and the release of the hydraulic fiuid from the stress element,
respectively, the rotating valve being coupled to control the control pressure
fed to the auxiliary valves. The essential idea of a third preferred embodiment
of the invention is that separate sliding seals preferably adjustable by means of
the hydraulic fluid pressure are employed and provided with channels for lead-
ing the flow of hydraulic fluid to and from the control channels. The essential
idea of yet a fourth preferred embodiment of the invention is that the rotating
valves are provided with a plurality of parallel control channels that substan-
tially simultaneously open and, correspondingly, close the flow of hydraulic
fluid in one or both directions.

[0007] An advantage of the invention is that the speed of rotation of
the rotating valve is adjusted to control the impact frequency. The use of suita-
bly designed channels of a suitable size in the control valve enables the ad-
justment of the speed of the feed and release of the hydraulic fluid. The use of
spindle-like auxiliary valves allows particularly the release speed to be raised
still- higher, resulting in an increase in the rising speed and the magnitude of
the stress pulse. The advantage of still another embodiment of the invention is
that the use of several parallel control channels allows a large cross-sectional
area of the flow to be opened, enabling the efficient Implementation of the
rapid pressure drop required particularly for the generation of a stress pulse.
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The advantage of another preferable embodiment of the invention is that the
use of sliding seals adjustable with hydraulic medium enables the elimination
of viscous friction and the reduction of the friction surface between the valve
and the frame, resulting in less wear and quite a low driving power required by
~ the valve. | |

BRIEF DESCRIPTION OF THE FIGURES

[0008] In the following, the invention will be described in detail in the
accompanying drawings, in which

Figures 1a and 1b schematically show a cross-section of an impact
device comprising some embodiments of the invention provided with a rotating
control valve, |

| Figure 2 schematically shows an embodiment for rotating the control
valve and for adjusting its speed of rotation,

Figures 3a and 3b are schematic sectional partial side views of an
impact aevice comprising embodimenis according to the invention of the rotat-
ing control valve of Figure 1a and Figure 1b, respedtively,

Figures 4a to 4c are schematic sectional views of the embodiment
of Figure 3a at line B — B, seen axially in its different operational stages,

Figures 5a fo 5¢ show a sectional side view of another impact de-
vice according to the invention in its different operations stages, and, in greater
detail, an auxiliary valve related to this embodiment,

Figures 6a to 6¢ schematically show embodiments of rotating valves
suitable for the impact device of the invention, and their sealing relative to the
frame of the impact device.

Figure 7 schematically shows an embodiment of the impact device

| according o the invention; and

Figure 8 schematically shows yet another embodiment of the impact
device according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0009] Figure 1a is a schematic sectional view of an impact device 1
according to the invention, comprising a frame 2 and a stress element 3
therein. The stress element is located coaxially with a tool 4, one end of the
stress element 3 being supported to the frame 2 during impacts and, corre-
spondingly, the opposite end to the end of the tool 4 or a shank fastened
thereto and known per se. Coaxially with the stress element 3 and, therefore



CA 02515401 2005-08-08
WO 2004/073933 PCT/F12004/000082

——

5

also with the tool 4, is provided a rotatingly installed control valve 5, which is
rotated around its axis with a suitable rotating mechanism or turned rotatingly
back and forth. One such rotating mechanism is shown in Figure 2. Figure 1
further shows a first hydraulic fluid space 6 in the frame 2 of the impact device,
and a transmission member, for instance a transmission piston 7 in the hydrau-
lic fluid space, which are used to stress the stress element 3 and, correspond-
iIngly, released by means of the rotating valve 5. The fransmission piston 7
comprises a first pressure surface located towards the first hydraulic fluid
space 6. For stressing the stress element 3, a hydraulic fluid feed channel 9
leads from a pump 8 to the point of openings 5a serving as control channels of

the valve 5 and leading, by way of example, through the valve 5, whereby the
openings ba arrive, one at a time, at the hydraulic fluid feed channel 9 and al-
low hydraulic fluid to flow to the hydraulic fluid spac"e 0, thus pushing the piston
7 towards the stress element 3. As a result, the stress element 3 contracts,
and energy is charged therein, and a force acting between the frame 1 and the
transmission piston is generated that tends to push the transmission piston 7
towards the tool 4. Correspondingly, as the rotating valve 5 rotates forward in
the manner shown by arrow A, openings 5b, located alternately with the open-
ings 5a, also acting as hydraulic fluid channels, and, by way of example, lead-
ing through the valve 5, arrive, one at a time, at a hydraulic fluid discharge
channel 10, allowing hydraulic fluid to flow rapigly from the hydraulic fluid
space 6 10 a hydraulic fluid tank 11. This, in turn, results In the stress element
3 being released from stress, and the force generated by the stress constricts
the tool, the stored energy being transferred as a stress pulse to the tool 4.
The figure shows the stress element 3 and the piston 7 separately. Thus, the
stress element 3 may be either of solid material or it may consist of hydraulic
fluid in a second hydraulic fluid space 3. The transmission piston 7 thus com-
prises a second pressure surface located towards the second hydraulic fluid
space 3'. When the stress element 3 is of solid material, it may be integrated
into the piston 7, whereby they constituie an entity.

[0010] Figure 1b schematically shows another embodiment of the
invention partly in section. This embodiment differs from the one in Figure 1ain
that in this embodiment, the hydraulic fluid feed channel 9 from the pump 8 is
directly coupled in communication with the first hydraulic fluid space 6. Fur-
thermore, in this embodiment, the control valve 5 lacks openings 5a, which, in
the case of Figure 1a, would couple the feed channel 9 alternately in commu-
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nication with the hydraulic fluid space 6 and, correspondingly, would close the
communication. Accordingly, in this embodiment, only the release of the hy-
draulic fluid pressure from the first hydraulic fluid space 6 at suitable intervals
for generating the desired stress pulse into the tool 4 is controlled. Otherwise,
both structurally and operationally, the solutions of;Figures 1a and 1b may be
similar, and the operation need not be described again in this respect.

[0011] Figure 2 schematically shows a rotating mechanism for rotat-
ing a rotating control valve 5. In this embodiment, the control valve 5 is pro-
vided with a cogging 5c, and spaces are provided in the frame 2 for a cog-
wheel 12 that is provided with a cogging similar to that of the cogging 5¢ and is
in contact therewith. The cogwheel 12 is installed rotatingly relative to the
frame 2, its cogging 12a making it rotate simultaneously with the control valve
o, but in the opposite direction. To one side of the cogwheel 12 is coupled a
hydraulic fluid feed channel 9 and to the other side a discharge channel 10. By
the action of the feed of hydraulic fiuid via the feed channel 9, the control valve
5 and the cogwheel 12 constitute a gear motor, wherein the hydraulic fluid is
able to tlow only with the cogging thereof around them, the mutually compati-
ble cogs preventing the flow between them. Accordingly, the cogwheel 12 and
the control valve 5 rotate in a manner making the coupling point of their cog-
ging move towards the hydraulic fluid feed channel 9 at the same time as hy-
draulic fluid flows around them and is discharged through the discharge chan-
nel 10. For adjustment of the speed of rotation, a throttle or flow regulator,
herein schematically shown coupled to the feed channel 9, can be coupled
either to the feed channel or to the discharge channel. The regulator 13 may
be either an adjustable throttle or a more complex flow regulator that regulates
the amount of the hydraulic fluid flow irrespective of its pressure and thus,
more accurately, the speed of rotation of the control valve 5. In addition, a sec-
ond hydraulic fluid feed channel 9a can lead from the hydraulic fluid pump 8 to
another actuator for driving it. In addition to one cogwheel, a plurality of cog-
wheels can be employed to rotate the control valve 5, provided the hydraulic
fluid feed and discharge channels are coupled to both sides of the gear motor
composed by each cogwheel 12 and the control valve 5. Figure 2 generally
shows, by dashed lines and designated by numeral 12, a cogwheel placed in-
side the control valve 5. It is naturally also possible to use a separate rotator
motor or another suitable rotating mechanism, such as an electric or pneu-
matic motor, for rotating the control valve 5.
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[0012] Figure 3a shows a detail of an impact device, partly as a sec-
tional side view, including an embodiment of a rotating control valve in accor-
dance with the invention. The operation of this embodiment corresponds to the
operation of the impact device schematically shown by Figure 1a. The control
valve 5 rotates in the direction indicated by arrow A, hydraulic fluid channels 9
and 10 leading thereto. The hydraulic fluid channels end in feed and discharge
chambers 14a and 14b, of each of which two are shown by way of example,
l.e. one on both sides of the control valve. In practice there are several feed
and discharge channels, as are feed and discharge openings in the control
valve. The control valve 5 comprises feed and discharge openings 5a and 5b
that extend through the cylindrical frame, act as hydraulic fluid channels, lead
through the wall of the cylindrical frame of the control valve 5, and are located
such in the direction of rotation of the valve that they move in succession in
time at the point of the feed and discharge chambers 14a and 14b, respec-
tively. This enables alternate feed of hydraulic fluid to and from the hydraulic
fluid space 6. This is as such described in Figures 4a to 4c.

[0013] Figure 3b is a sectional partial side view of still another detail
of an impact device, comprising an embodiment of a rotating control vaive in
accordance with the invention. Its operation corresponds to the operation of
the impact device schematically shown in Figure 1b, but the difference as
compared with the solution of Figure 3a is that the hydraulic fluid feed channel
9 is directly coupled to the hydraulic fluid space 6, whereby the feed chambers
14a and, correspondingly, the feed openings 5a in the control valve 5 are miss-
Ing. Furthermore, by way of example, the size of the discharge openings 5b
‘and the discharge chambers 14b in the axial direction is larger, which, how-
ever, by definition, is not necessary.

[0014] Figures 4a to 4¢ schematically show an impact device with
the control valve of Figure 3a in its three operational stages. in the situation
shown in Figure 4a, as the control valve 5 rotates, the front edge of the open-
Ing 5"a“fs:placed at the feed chamber 14a, whereby pressurized hydraulic fluid
starts to flow from the hydraulic fluid pump 8 via the feed channel 9, as shown
by the arrow therein, through the feed chamber 14a and the opening 5a to the
hydraulic fluid space 6. The same naturally takes place on the opposite side,
wherein the upper opening 5a of Figure 4a is in a corresponding position rela-
tive 10 the feed chamber 14a on the left side of the frame 2 of the impact de-
vice. The openings 5b are not simultaneously at the discharge chambers 14b,
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and therefore hydraulic fluid cannot be released out of the hydraulic fluid space
6. This way the control vaive 5 couples, in the manner shown in Figure 4a, the
hydraulic fluid feed channel in a manner enabling pressurized hydraulic fluid to
act on the piston 7 and thereby-on the stress element 3 and subject it to stress
or pressure. As the control valve 5 continues to rotate, the openings 5a and 5b
turn correspondingly, and, in the case shown in Figure 4b, the end of the
stress stage of the stress element is involved, the rear edges of the openings
oa arriving at the feed chambers 14a, and, as the valve continues to rotate,
gradually close the connection from the hydraulic fiuid feed channel 9 through
the chamber 14a and the opening 5a to the hydraulic fluid space 6. In this
situation, the discharge of hydraulic fluid from the hydraulic fluid space 6 con-
tinues to be shut. In the case shown in Figure 4c, when rotating, the control
valve 5 has proceeded to a situation wherein the feed of hydraulic fiuid to the
hydraulic fluid space 6 has stopped and the foremost edge of the openings 5b
in the direction of rotation has just arrived at the discharge chambers 14b.
Since the openings Sb are significantly higher than the openings 5a in the ele-
vation of the control valve 5, hydraulic fluid starts to be released from the hy-
draulic fluid space 6 through the discharge chamber 14b and the discharge
channel 10 quite rapidly, whereby the pressure in the hydraulic fluid space 6
suddenly drops. This being so, the stress element, when suddenly being re-
leased, generates a stress pulse through the tool in the manner described
above. Figure 3a shows a situation where only one feed and discharge open-
Ing 5a and 5b is seen, but there may be several of them in succession around
the rotating control valve 5 depending on both the required amount of hydraulic

fluid flow and the flow rate, as is schematically shown in Figure 1 and Figures
4a to 4c¢. The faster the control valve 5 is rotated, the larger is the frequency of
the stress pulses, i.e. the so-called impact frequency generated through the
tool. Although Figure 3a shows substantially rectangular feed and discharge
openings, their shape may be any shape known per se.

[0013] The functional description shown in Figures 4a to 4c¢ is suit-
able as such also for the operation of the embodiment of Figure 3b as regards
the release of hydraulic fluid pressure. As regards hydraulic fluid pressure
feed, the operation is such that hydraulic fluid is fed all the time to the hydraulic
fluid space 6 from the pump 8, whereby, when the control valve 5 is in a POSI-
tion that closes the communication through the discharge openings 5b to the
discharge channel 10, the pressure in the hydraulic fluid space 6 rises, causing
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the stress element fo be stressed. In the next stage, when the discharge open-
ings 5b open the discharge path for the hydraulic fluid to the discharge channel
10, the flow takes place on a substantially larger cross-sectional area of the
channels relative to the cross-sectional area of the hydraulic fluid feed channel
9. Due to the different cross-sectional areas, new pressurized hydraulic fluid is
allowed to flow into the hydraulic fluid space 6 significantly more slowly than is
the discharge from there, whereby the pressure in the hydraulic fluid space 6
suddenly sinks and a stress pulse is generated in the tool in-a manner corre-
sponding to what was described above. As the communication from the hy-
draulic fluid space 6 to the discharge channel 10 again breaks, the stress ele-
ment 3 is again stressed and the operational stages are repeated In succes-
sion in the above-described manner. |
[0016] Figures 5a to 5¢ show an embodiment of the invention,
wherein separate spindle-like "auxiliary valves 15 are used in addition to the
rotating control valve 5, the rotating control valve 5 controlling the operation of
which, in addition to controlling the hydraulic fluid flow. Figure 5a is a cross-
sectional view of a situation where hydraulic fluid is fed to the impact device for
stressing the stress element. The impact device, and the stress element and a
working piston composed thereby, are similar in principle and their operation is
similar to what is shown in Figures 3a and 3b, although they are of different
shapes. Furthermore, two or more, e.g. in the way shown by Figures 5a 1o ab,
two spindle-like, by way of example sleeve-like auxiliary valves 15 are installed
in the frame 2, which are shown enlarged and in greater detail in Figure 5c¢. In
practice, as many auxiliary valves preferably exist as there are openings lead-
ing to the hydraulic fluid space 6. The auxiliary valves 15 are provided with a
through channel 15a and two pressure surfaces 15b and 15c. Hydraulic fluid
pressure acts ‘always on the pressure surface 15¢ of the auxiliary valve via the
control channel 9c, the pressure being e.g. normal hydraulic fluid working
pressure or the like; and it acts on the auxiliary valve 15 such that its valve
tends to shift downwards from the situation shown in Figure 5a. In the situation
shown in Figure 5a, normal hydraulic fluid pressure acts on the second pres-
sure surface 15b of the auxiliary valve via the control channel 17 and the
channel 9b, the pressure generating an opposite force in the auxiliary valve 15,
the force being greater than the power generated by the pressure acting on the
| pressure surface 15c¢, thus keeping the auxiliary valve 195 in the position shown
in Figure 5a. In this embodiment, the feed and discharge channels of the con-
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trol valve 5 are merely groove-like control and hydraulic fluid channels on the
surface of the control valve 5, and not through openings as shown in Figures
3a to 4c. In the situation shown in Figure 5a, the feed channel 9 leading to the
control valve 5 is coupled to the chamber 6 via the hydraulic fluid channel 16,
the pressure channel 9a and the channel 15a leading through the auxiliary
valve 15, via which the hydraulic fluid gets to flow through the auxiliary valve
15 and act on the stress element 3 via the piston 7, thus generating stress in
the stress element 3.

[0017] In the situation shown in Figure 5b, the control valve 5 has
rotated to a situation, where the control channel 16 has moved away from the
point of the hydraulic fluid channel 9, thus stopping the feed of hydraulic fluid
into the chamber 6. Furthermore, the control channel 17 has turned away and
been replaced by the control channel 18 that couples the pressure surface 19b
of the auxiliary valve 15 into communication with the discharge channel 10. At
the same time, the pressure acting on the pressure surface 15b of the auxiliary
piston 15 has stopped, whereby the auxiliary piston has moved to the position
shown in Figure 5b, simultaneously opening a direct communication from the
piston 7 in the chamber 6 to the hydraulic fiuid discharge channel 10. In addi-
tion, communication from the chamber 6 is also simultaneously opened fo the
discharge channel 10 via the channel 15a leading through the auxiliary valve
15, the hydraulic fluid channel 9a and the channel 19. Consequently, hydraulic
fluid is allowed to be discharged from the chamber 6 through fwo paraliel ways,
and, as a result, the piston 7 is very rapidly released from the pressure that
acted thereon, and a rapid stress pulse is generated from the stress element 3
through the tool 4. After this, as the control valve 5 continues to rotate, the
process returns to the situation shown in Figure 5a, and the work cycle re-
starts. -

[0018] Figures 6a to 6¢ are schematic partial sectional views of
some embodiments of rotating valves suitable for the impact device of the in-
vention with related sealing solutions.

[0019] Figure 6a schematically shows an embodiment of a rotating
valve, the control valve 5 being provided with both a flange-like part 5 and a
sleeve-like part 5”, control openings 5a and 5b, respectively, being arranged
through both of them. In this embodiment, the openings 5a coupling the hy-
draulic fluid feed channel 9 and the hydraulic fluid space 6 in communication
with each other are placed in the flange-like part ' of the control valve 5, ana,
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correspondingly, the discharge openings 5b coupling the hydraulic fluid space
6 and the discharge channel 10 in communication with each other are placed
in the sleeve-like part 5”. In principle, the openings could be coupled vice
versa, e.d. the discharge openings 5b in the flange-like part 5' and the feed
openings 5a in the sleeve-like part 5”. However, in view of the operation of the
impact device, it is preferable that the discharge openings 5b are in the sleeve-
~ like part 5”, where the peripheral speed is at maximum and, consequently, the
opening speed, and, correspondingly, as a result, the rate of rise of the stress
pulse are at maximum. Figure 6a also shows a seal structure for sealing the
clearances between the control valve 5 and the frame 2. By way of example,
the seal structure is shown only sealed by the sleeve-like part 5” of the control
valve 5, but the sealing of the ﬂange -like part 5’ can be implemented in a cor- '
responding manner by applying the prmCIpIe of the solution shown In 6D.

[0020] The solution shown in Figure 6a comprises a seal 20 situ-
ated in a space 21 and able to move in said space in the radial direction of the
valve 5. Hydraulic fluid pressure Ps acts on the seal 20 on the surface opposite
relative to the valve 5 in a manner pushing the seal towards the valve 5 at the
desired force. The seal 20 also comprises a channel 20a, which is coupled
through an opening 20b leading through the wall of the seal 20 to the dis-
charge channel 10 leading from the hydraulic fluid discharge chamber 14b.
The connection from the channel 20a in the seal 20 can also be coupled In
another manner, such as directly through the frame 2, as shown with dashed
line 10’. Adjustment of the pressure Ps, enables adjustment of the clearance
between the surfaces of the seal 20 and the control valve 5. Pressure adjust-
ment can be:implemented using a separate external adjustment pressure, or it
can be coupled e.g. dependant on the pressure level of the rotator motor of the
control valve 5, the feed pressure of the impact device etc., whereby pressure
variations in the hydraulic fluid spaces 6 due to leakages can adjust the ad-
justment of the sealing piece relative to the control valve for an optimum clear-
ance, enabling a very small leakage of hydraulic fluid between the seal 20 and
the control valve 5. At the same time, this takes care of lubrication between the
surfaces.

[0021] Figure 6b shows, in a corresponding manner, a flange-like
control valve, wherein both the feed and discharge openings 5a and db are
placed through the flange-like part in the direction of the axis of rotation of the
valve 5. In this embodiment, the openings 5a and 9b are in succession in the
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circumferential direction, as shown in Figure 6c. Alternatively, the feed and
discharge openings 5a and 5b may be placed at different points in the radial
direction relative to the flange-like valve part, whereby, in a more preferred
embodiment, the discharge openings are located closer to the periphery in the
radial direction to achieve as rapid a pressure release as possible. In a corre-
sponding embodiment of Figure 1b, where only the hydraulic fluid pressure
release is controlled, i.e. hydraulic fluid is discharged from the hydraulic fluid
space 6 to the discharge channel 10, the discharge openings 5b alone are suf-
ficient, the size and location of which can be selected accordingly. Figure 6b
shows sealing solutions, corresponding to the embodiment of Figure 6a ana
placed on the cross-section of the valve 5 to seal the openings corresponding
to Figure 6a. Herein the same principles also apply, and no separate descrip-
tion is therefore required. Correspondingly, this seal solution shown by Figure
6b can be applied to sealing the openings of the flange part 5' of the embodi-
ment according to Figure 6a together with the seal solution for sealing the
sleeve-like part 5”. The sealing may also be effected by coupling the sealing
pressure to act on the valve 5 in the axial direction, the seals being fixedly or
rigidly coupled to the frame or the valve or being part of either.

[0022] Figure 6¢c shows the valve 5 and the seals 20 of the em-
hodiment of Figure 6b seen from under relative to Figure 6b. Figure &b, in turn,
is a section in the direction of line C — C shown in Figure 6c, although Figure
6¢c does not show all the details shown in the section of Figure 6b. Figure 6¢
shows a control valve 5 provided with successive openings 5a and 5b In the
circumstantial direction for guiding hydraulic fluid to and from the hydraulic fiuid
space. Furthermore, Figure 6¢c shows two seals 20 for illustrating the structure
of the seals. As Figure 6¢ shows, the openings of the seals are preferably sub-
stantially of the same shape as the openings 5a and 5b in the valve to achieve
a maximally effective hydraulic fluid flow. The openings 5a and 5b are placed
such that between them, as the control valve 5 turns or rotates, the enclosed
noint between the openings of the control valve closes the communication to
the openings until the channel opens the next time letting hydraulic fluid flow to
or from the previously mentioned hydraulic fluid space 6. Figure 6c further
shows, by two-way arrow D, that, if desired, the control valve 5 is able to rotate
also by a reciprocating movement, if it is considered advantageous for con-
structive reasons. Correspondingly, if desired, the valves shown also in the
other figures can operate by a reciprocating rotational movement instead of a
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continuous rotational movement in the same direction.

[0023] Figure 7 schematically shows a principled embodiment of the
impact device according to the invention. Figure 7 shows the impact device in
a case where it is ‘charged’ in order to provide a stress pulse. The figure
shows an impact device 1 comprising a frame 2. The frame has as the stress
element 3 a second hydraulic fluid space 3’ containing hydraulic fiuid, the
space being limited on one side by a transmission piston 7 functioning as the
transmission member. The second hydraulic fluid space is coupled via a chan-
nel 9" in communication with a pressure source, such as a hydraulic fiuid pump
8', which feeds pressurized hydraulic fluid into the first hydraulic fluid space at
a pressure P4. On one side of the transmission piston 7, i.e. on the side oppo-
site to the second hydraulic fluid space 3', there is the first hydraulic fiuid space
6, which, in turn, is coupled via the channel 9 and the valve 5 in communica-
tion with a hydraulic fluid source, such as the hydraulic fluid pump 8, which
feeds pressurized hydraulic fiuid whose pressure is P>. From the valve 5, the
hydraulic fluid return channel 10 leads further to the hydraulic fluid tank 1.
Further, it may comprise a hydraulic accumulator coupled in communication
with the second hydraulic fiuid space 3’ to attenuate the pressure pulses. In-
stead of two hydraulic fluid pumps 8 and 8’, one common hydraulic fluid pump
3 can be used, indicated by a broken line 9.

[0024] In the case of Figure 7, so-called charging is carried out,
whereby hydraulic fluid is fed, controlied by the valve 5, into the first hydraulic
fluid space 6 such that the transmission piston 7 moves in the direction of ar-
row B, until it has reached its rear position, i.e. the uppermost position in Fig-
ure /. At the same time, hydraulic fluid is discharged from the second hydraulic
fluid space. The rear position of the transmission piston 7 is determined by
mechanical solutions in the impact device 1, for example different shoulders
and stoppers, and in the embodiment of Figure 7a shoulder 2a and the rear
surface of the of the transmission piston flange 7a. During the operation of the
impact device, the impact device 1 is pushed towards the material to be
treated at a force F, i.e. at what is called feed force, which keeps the transmis-
sion piston 7 in contact with the tool 4, and its tip, i.e. drill bit or the like, in con-
tact with the material to be treated. When the transmission piston 7 has moved
in the direction of arrow B as far as possible, the valve 5 is rotated into a POSi-
tion which enables sudden flow.of the hydraulic fluid out of the first hydraulic
fluid space 6 into the hydraulic fluid tank 11. This allows the transmission pis-
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ton 7 to protrude in the direction of the tool 4 due to the effect of the force gen-
erated by the pressure of the hydraulic fluid present in the second hydraulic
fluid space and additionally flowing into it from the hydraulic fluid pump 8. The
pressure P, affecting the transmission piston 7 in the second hydraulic fluid
space provides a force which pushes the transmission piston 7 in the direction
towards the tool 4, which compresses the tool 4. As a result, sudden compres-
sive stress is generated in the tool 4 via the transmission piston 7, which then
generates a stress pulse through the tool 4 as far as to the material to be
treated. What is called a reflection pulse reflected from the material to be
treated returns, in turn, back through the tool 4, pushing the transmissidn pisS-
ton 7 again In the direction of arrow B, whereby the energy of the stress pulse
is transferred to the hydraulic fluid in the second hydraulic fluid space. Simul-
taneously, the valve 5 is returned 1o such a positio'n that hydraulic fluid is again
fed into the first hydraulic fluid space 6 to push the transmission piston 7 into
its rear position, i.e. impact position.

[0025] Figure 8 shows yet an embodiment of the impact device ac-
cording to the invention. The figure schematically shows a rotating control
valve 5 comprising several channels 5a for leading hydraulic fluid into the hy-
draulic fluid space 6. Around the control valve 95, there is the frame 2 of the
impact device having an annular feed channel 2 for hydraulic fluid, shown by
way of example. Several parallel and, by way of example, radial feed channels
Oa lead from the feed channel @ to the control valve 5, the number of the feed
channels 9a being by way of example half of the number of channels 5a of the
control valve 5. Thus, when the control valve 5 rotates, hydraulic fluid is fed
into the hydraulic fluid space 6 at double frequency, because half of the chan-
nels 5a at a time become in communication with the feed channel 9. Corre-
spondingly, of course, the hydraulic fluid space 6 must be similarly positioned
in communication with the discharge channel by means of a corresponding
number of channels in order for the generation of stress pulses to take pl'ace at
said double frequency. |

[0026] In order for the multiplication of the frequency to take place,
only the other half needs to have the number of channels corresponding to the
multiplication according to an integer. Thus, the number of feed channels  9a
may be equal to the multiplication in the frame, i.e. for example twofold com-
pared with the channels 5a of the control valve 5. Correspondingly, the number
of discharge channels may be equal to the multiplication, for instance twofold,



CA 02515401 2005-08-08
WO 2004/073933 PCT/FI12004/000082

15

in the control valve 5, whereas the number of channels may be smaller outside
the control valve 5 in the frame 2. Further, the number of channels in both di-
rections may be the same in the control vaive 5 and, on the other hand, in the
frame 2. in which case one has the same smaller number of channels ana,
correspondingly, the other has a greater number of channels equal to the mul-
tiplication by the integer. ’

[0027] In addition to channels formed radially, also axially directed
parallel channels may naturally be used, or both may be used at the same
time.

[0028] The invention is described above in accordance with the ex-
ample of the drawings, and is in no way limited thereto. It is essential that a
revolvingly installed control valve, whose rotation or turning speed maybe aad-
justable for achieving the desired impact frequency, be used for controlling
such an impact device provided with a stress element.
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CLAIMS

1. An impact device for generating a stress pulse in a tool, the impact
device comprising:

a frame to which the tool is connectible;

a transmission member disposed between the frame and the tool, the
transmission member including: a transmission piston defining a first pressure
surface; and

a tool-side end being in contact with the tool either directly or indirectly at
least part of the time during the generation of the stress pulse;

a stress element generating a force between the frame and the
transmission member such that the force tends to push the transmission
member towards the tool;

a first hydraulic fluid space disposed on a tool-side relative to the
transmission member and partially defined by the first pressure surface; and

a hydraulic control system for leading pressurized hydraulic fluid into said
first hydraulic fluid space and for enabling sudden flow of the hydraulic fluid out
of said first hydraulic fluid space such that said force between the frame and the
transmission member causes, either directly or indirectly via the transmission
member and when the transmission member is in contact with the tool, a force
compressing the tool in its longitudinal direction and, due to the effect thereof, a
stress pulse in the tool in its axial direction, the hydraulic control system
including:

a hydraulic fluid channel for feeding pressurized hydraulic fluid into
the impact device;

a discharge channel for leading the hydraulic fluid out of the impact
device; and

a rotatingly installed control valve having a first set of control
openings for leading the hydraulic fluid intermittently from the first
hydraulic fluid space to the discharge channel, and the first set of control
openings substantially simultaneously open a connection between the first
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hydraulic fluid space and the hydraulic fluid discharge channel, wherein
the control valve includes:

a second set of control openings for intermittently leading
the hydraulic fluid from the hydraulic fluid channel to the first
hydraulic fluid space; and

several parallel control channels which simultaneously open
a connection between the hydraulic fluid channel and the first
hydraulic fluid space in such a way that the connection from the
hydraulic fluid channel to the first hydraulic fluid space and,
correspondingly, from the first hydraulic fluid space to the
discharge channel open alternatively.

2. An impact device for generating a stress pulse in a tool, the impact
device comprising:
a frame to which the tool is connectible;
a transmission member disposed between the frame and the tool, the
transmission member including:
a transmission piston defining a first pressure surface; and
a tool-side end being in contact with the tool either directly or
indirectly at least part of the time during the generation of the stress pulse;
a stress element generating a force between the frame and the
transmission member such that the force tends to push the transmission
member towards the tool;
a first hydraulic fluid space disposed on a tool-side relative to the
transmission member and partially defined by the first pressure surface; and
a hydraulic control system for leading pressurized hydraulic fluid into said
first hydraulic fluid space and for enabling sudden flow of the hydraulic fluid out
of said first hydraulic fluid space such that said force between the frame and the
transmission member causes, either directly or indirectly via the transmission
member and when the transmission member is in contact with the tool, a force

compressing the tool in its longitudinal direction and, due to the effect thereof, a
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stress pulse in the tool in its axial direction, the hydraulic control system
including:
a hydraulic fluid channel for feeding pressurized hydraulic fluid into
the impact device;

a discharge channel for leading the hydraulic fluid out of the impact
device; and
a rotatingly installed control valve having a first set of control
openings for leading the hydraulic fluid intermittently from the first
hydraulic fluid space to the discharge channel, and the first set of control
openings substantially simultaneously open a connection between the first
hydraulic fluid space and the hydraulic fluid discharge channel;
wherein the stress element includes a second hydraulic fluid space full of
hydraulic fluid and partially defined by the transmission member, and the
transmission piston defines a second pressure surface located towards the
second hydraulic fluid space.

3. An impact device as claimed in claim 2, wherein the second
hydraulic fluid space is defined by the frame and the transmission piston, which
is subjected to stress by feeding pressurized hydraulic fluid into said first
hydraulic fluid space and released from stress by enabling a sudden flow of the
hydraulic fluid out of said first hydraulic fluid space such that the stress energy

stored in the hydraulic fluid of the second hydraulic fluid space is discharged to
the tool as an axial stress pulse.

4. An impact device as claimed in claim 2, further comprising:

a pressure source coupled in fluid communication with the second
hydraulic fluid space.

5. An impact device as claimed in claim 4, wherein the pressure
source comprises a hydraulic fluid pump.
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6. An impact device for generating a stress pulse in a tool, the impact
device comprising:;
a frame to which the tool is connectible;
a transmission member disposed between the frame and the tool, the
transmission member including:
a transmission piston defining a first pressure surface; and
a tool-side end being in contact with the tool either directly or
indirectly at least part of the time during the generation of the stress pulse;
a stress element generating a force between the frame and the
transmission member such that the force tends to push the transmission
member towards the tool;
a first hydraulic fluid space disposed on a tool-side relative to the
transmission member and partially defined by the first pressure surface; and
a hydraulic control system for leading pressurized hydraulic fluid into said
first hydraulic fluid space and for enabling sudden flow of the hydraulic fluid out
of said first hydraulic fluid space such that said force between the frame and the
transmission member causes, either directly or indirectly via the transmission
member and when the transmission member is in contact with the tool, a force
compressing the tool in its longitudinal direction and, due to the effect thereof, a
stress pulse in the tool in its axial direction, the hydraulic control system
iIncluding:
a hydraulic fluid channel for feeding pressurized hydraulic fluid into
the impact device;
a discharge channel for leading the hydraulic fluid out of the impact
device; and
a rotatingly installed control valve having a first set of control
openings for leading the hydraulic fluid intermittently from the first
hydraulic fluid space to the discharge channel, and the first set of control
openings substantially simultaneously open a connection between the first
hydraulic fluid space and the hydraulic fluid discharge channel, wherein
the control valve is installed to continuously rotate in a single direction.
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/. An impact device for generating a stress pulse in a tool, the impact
device comprising:
a frame to which the tool is connectible;
a transmission member disposed between the frame and the tool, the
transmission member including:
a transmission piston defining a first pressure surface; and
a tool-side end being in contact with the tool either directly or
indirectly at least part of the time during the generation of the stress pulse;
a stress element generating a force between the frame and the
transmission member such that the force tends to push the transmission
member towards the tool;
a first hydraulic fluid space disposed on a tool-side relative to the
transmission member and partially defined by the first pressure surface; and
a hydraulic control system for leading pressurized hydraulic fluid into said
first hydraulic fluid space and for enabling sudden flow of the hydraulic fluid out
of said first hydraulic fluid space such that said force between the frame and the
transmission member causes, either directly or indirectly via the transmission
member and when the transmission member is in contact with the tool, a force
compressing the tool in its longitudinal direction and, due to the effect thereof, a
stress pulse in the tool in its axial direction, the hydraulic control system
including:
a hydraulic fluid channel for feeding pressurized hydraulic fluid into
the impact device;
a discharge channel for leading the hydraulic fluid out of the impact
device; and
a rotatingly installed control valve having a first set of control
openings for leading the hydraulic fluid intermittently from the first
hydraulic fluid space to the discharge channel, and the first set of control

openings substantially simultaneously open a connection between the first
hydraulic fluid space and the hydraulic fluid discharge channel, wherein

the control valve is rotated by a hydraulic fluid-driven motor.
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8. An impact device as claimed in claim 7, wherein the hydraulic fluid-
driven motor comprises a gear motor and the gear motor is constituted by a
cogging on the control valve and a separate cogwheel in rotating connection with
the cogging, and the hydraulic fluid channel and, correspondingly, discharge
channel on opposite sides of their point of contact.

9. An impact device as claimed in claim 8, wherein the hydraulic fluid-
driven motor bomprises at least two gear motors constituted by a cogging on the
control valve and the hydraulic fluid channel and, correspondingly, the discharge
channel on opposite sides of their points of contact.

10.  An impact device as claimed in claim 7, wherein speed of rotation
of the control valve, and thus impact frequency and release speed of the impact
device, Is adjustabile.

11.  Animpact device for generating a stress pulse in a tool, the impact
device comprising:

a frame to which the tool is connectible;

a transmission member disposed between the frame and the tool, the
transmission member including:

a transmission piston defining a first pressure surface; and

a tool-side end being in contact with the tool either directly or
indirectly at least part of the time during the generation of the stress pulse;

a stress element generating a force between the frame and the
transmission member such that the force tends to push the transmission
member towards the tool;

a first hydraulic fluid space disposed on a tool-side relative to the
transmission member and partially defined by the first pressure surface:
and

a hydraulic control system for leading pressurized hydraulic fluid
Into said first hydraulic fluid space and for enabling sudden flow of the
hydraulic fluid out of said first hydraulic fluid space such that said force
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between the frame and the transmission member causes, either directly
or indirectly via the transmission member and when the transmission
member is in contact with the tool, a force compressing the tool in its
longitudinal direction and, due to the effect thereof, a stress pulse in the
tool in its axial direction, the hydraulic control system including:

a hydraulic fluid channel for feeding pressurized hydraulic
fluid into the impact device;

a discharge channel for leading the hydraulic fluid out of the
impact device;

a rotatingly installed control valve having a first set of control
openings for leading the hydraulic fluid intermittently from the first
hydraulic fluid space to the discharge channel, and the first set of
control openings substantially simultaneously open a connection
between the first hydraulic fluid space and the hydraulic fluid
discharge channel; and

at least one separate auxiliary valve coupled to be controlled
by rotation of the control valve such that when hydraulic fluid is fed
into the first hydraulic fluid space, each auxiliary valve closes the
connection from the hydraulic fluid space to the discharge channel
and, correspondingly, when the hydraulic fluid is allowed to flow
away from the first hydraulic fluid space, opens the connection

from the hydraulic fluid space to the discharge channel.

12.  An impact device as claimed in claim 11, wherein the at least one

separate auxiliary valve comprises a spindle-like valve.

13.  An impact device as claimed in claim 12, wherein the at least one
separate auxiliary valve comprises a sleeve-like valve through which hydraulic

fluid flows from the hydraulic fluid channel through the first set of control
openings of the control valve to the first hydraulic fluid space.
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14. An impact device as claimed in claim 13, wherein part of the
hydraulic fluid discharged from the first hydraulic fluid space flows
correspondingly through the auxiliary valve and further through the first set of

control openings of the control valve to the discharge channel.

15.  An impact device for generating a stress pulse in a tool, the impact
device comprising:
a frame to which the tool is connectible;
a transmission member disposed between the frame and the tool, the
transmission member including:
a transmission piston defining a first pressure surface; and
a tool-side end being in contact with the tool either directly or
indirectly at least part of the time during the generation of the stress pulse;
a stress element generating a force between the frame and the
transmission member such that the force tends to push the transmission
member towards the tool;
a first hydraulic fluid space disposed on a tool-side relative to the
transmission member and partially defined by the first pressure surface: and
a hydraulic control system for leading pressurized hydraulic fluid into said
first hydraulic fluid space and for enabling sudden flow of the hydraulic fluid out
of said first hydraulic fluid space such that said force between the frame and the
transmission member causes, either directly or indirectly via the transmission
member and when the transmission member is in contact with the tool, a force
compressing the tool in its longitudinal direction and, due to the effect thereof, a
stress pulse in the tool in its axial direction, the hydraulic control system
including:
a hydraulic fluid channel for feeding pressurized hydraulic fluid into

the impact device;

a discharge channel for leading the hydraulic fluid out of the Impact
device;
a rotatingly installed control valve having a first set of control

openings for leading the hydraulic fluid intermittently from the first
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hydraulic fluid space to the discharge channel, and the first set of control
openings substantially simultaneously open a connection between the first
hydraulic fluid space and the hydraulic fluid discharge channel; and

seals adjustable with hydraulic medium and arranged between the
control valve and the frame of the impact device, the seals include
channels through which the hydraulic fluid is led at least through the

discharge channel.

16.  An impact device for generating a stress pulse in a tool, the impact
device comprising:
a frame to which the tool is connectible;
a transmission member disposed between the frame and the tool, the
transmission member including:
a transmission piston defining a first pressure surface; and
a tool-side end being in contact with the tool either directly or
indirectly at least part of the time during the generation of the stress pulse;
a stress element generating a force between the frame and the
transmission member such that the force tends to push the transmission
member towards the tool;
a first hydraulic fluid space disposed on a tool-side relative to the
transmission member and partially defined by the first pressure surface: and
a hydraulic control system for leading pressurized hydraulic fluid into said
first hydraulic fluid space and for enabling sudden flow of the hydraulic fluid out
of said first hydraulic fluid space such that said force between the frame and the
transmission member causes, either directly or indirectly via the transmission
member and when the transmission member is in contact with the tool. a force
compressing the tool in its longitudinal direction and, due to the effect thereof. a
stress pulse in the tool in its axial direction, the hydraulic control system
Including:
a hydraulic fluid channel for feeding pressurized hydraulic fluid into
the impact device;
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a discharge channel for leading the hydraulic fluid out of the impact
device; and
a rotatingly installed control valve having a first set of control
openings for leading the hydraulic fiuid intermittently from the first
hydraulic fluid space to the discharge channel, and the first set of control
openings substantially simultaneously open a connection between the first
hydraulic fluid space and the hydraulic fluid discharge channel;
wherein hydraulic fluid is fed from a hydraulic fluid pump through the
hydraulic fluid channel to the rotating control valve and, correspondingly, from
the control valve through the discharge channel to a hydraulic fluid tank, and
wherein each of the hydraulic fluid and discharge channels comprise paralliel
hydraulic fluid channels and discharge channels, respectively, and that a number
of openings in the first set of openings of the rotating control valve and the
number of parallel hydraulic fluid and discharge channels, respectively, leading
to the control valve are multiplied in accordance with the same integer.

17.  An impact device according to claim 16, wherein the number of
openings in the first set of openings of the control valve is the number of
hydraulic fluid channels as multiplied by an integer or vice versa and,
correspondingly, with regard to the number of discharge channels, as multiplied
by the same integer or vice versa.
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