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draulic circuit of a device (12, 13, 29, 36, 40) of the rock drilling machine
(5) performing at least one function 1s
mechanism(20, 21, 25, 34) of the drill shank (9) for the purpose of lubricat-
ing the rotation mechanism(20, 21, 25, 34) of the drill shank (9).
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Method and arrangement for lubricating drill shank of rock
drilling machine

Background of the invention

[0001] The invention relates to a method for lubricating the rotation
mechanism of a drill shank in a rock drilling machine, the method comprising
directing to the rotation mechanism of the drill shank at least part of the flow of
the pressure fluid of a hydraulic circuit of a device of the rock drilling machine
performing at least one function, for the purpose of lubricating the rotation
mechanism of the drill shank.

[0002] The invention further relates to an arrangement for
lubricating the rotation mechanism of the drill shank of a rock drilling machine,
in which arrangement at least part of the flow of the pressure fluid of a
hydraulic circuit of a device of the rock drilling machine performing at least one
function is arranged to be directed to the rotation mechanism of the drill shank
for the purpose of lubricating it.

[0003] Rock drilling rigs are used in rock drilling and excavating in
underground mines, opencast mines and excavation sites. Known methods
used in rock drilling and excavation are cutting, crushing and percussive
methods. Percussive methods are most commonly used with hard rock. In the
percussive method, the drilling tools, such as drill rods and the drill bit at the
end thereof, of one or more rock drilling machines in a rock drilling rig are both
rotated around their longitudinal axes and impact toward the rock being drilled.
The breaking of the rock occurs mainly due to the impact. The purpose of the

rotation is mainly to ensure that the studs or other working parts of the drill bit
always impact a new point of rock. For striking, the rock drilling machine may

comprise a hydraulic percussion device, the percussion piston of which causes
stress pulses to the drill shank and further to the drilling tools of the rock drilling
machine, which stress pulses travel in the form of a compression stress wave
to the drilling tools at the extreme end of the drill bit and on to the rock, making
the rock break. Instead of a hydraulic percussion device, the rock drilling
machine may comprise a percussion device, in which means based on
electromagnetism, for instance, cause a stress pulse to the drill shank without
a mechanically moving percussion piston or other percussion member.

[0004] Typically, the lubrication of the rotation mechanism of the drill
shank in a rock drilling machine, which can later also be called a drilling
machine, is done with pressurized air, in which lubricating oil is added to
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compressed air. This lubricating air circulates inside the drilling machine,
lubricates the necessary points, and is finally led out of the drilling machine. In
some cases, the air may be circulated back to the rock drilling rig, and the
lubricating oll Is separated from the air and disposed of, or taken to be further
processed for re-use. The lubricating oil that has circulated in the drilling
machine is, thus, not returned to the drilling machine. In some solutions, the
rotation mechanism of the drill shank may be lubricated by means of a
separate circulation oll lubrication circuit, but the splines of the drill shank are
still lubricated using pressurized air lubrication.

[0005] One problem with a pressurized air lubrication-based
lubrication solution is that all lubricating oil cannot necessarily be recovered,
but some of the lubricating oil remains In the air as micronic droplets. In
addition, a pressurized air lubrication-based lubrication solution of a drill shank
IS not suitable for percussion devices where stress pulses are caused at a high
frequency, for instance several hundreds or even thousands per second, In
which case the pressurized air lubrication capacity is not enough to lubricate
and cool the splines of the drill shank, for example, which leads to rapid wear
of the splines of the drill shank and the rotation bushing or a corresponding
member used Iin the rotation device.

Brief description of the invention

[0006] It is an object of the invention to provide a novel and
improved method and arrangement for lubricating the rotation mechanism of a
drill shank of a rock drilling machine.

[0007] The method of the invention is characterised by circulating
the pressure fluid used in lubricating the rotation mechanism of the drill shank
back to the hydraulic system of the rock drilling machine, to a hydraulic circuit
of a device of the rock drilling machine performing at least one function.

[0008] The arrangement of the invention is characterised in that the
pressure fluid used In lubricating the rotation mechanism of the drill shank is
arranged to circulate back to the hydraulic system of the rock drilling machine,
to a hydraulic circuit of a device of the rock drilling machine performing at least
one function.

[0009] Thus, according to the solution, at least part of the flow of the
pressure fluid of the hydraulic circuit of the device of the rock drilling machine
performing at least one function is directed to the rotation mechanism of a arill
shank for the purpose of lubricating it, and the pressure fluid used in lubricating
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the rotation mechanism of the drill shank is circulated back to the hydraulic
system of the rock drilling machine, that is, to the hydraulic circuit of a device
of the rock drilling machine performing at least one function.

[0010] The solution easily provides a sufficiently effective lubrication
and cooling of the drill shank and its rotation mechanism. In addition, it is
possible to leave out of the solution the compressed air source, such as
compressor, necessary for pressurized air lubrication. Also, in the solution the
same pressure fluid is used for lubrication as for performing the functions of
the different devices of the rock drilling machine, so no separate lubricant and
container for it are needed. By circulating the pressure fluid used in lubricating
the rotation mechanism of the drill shank back to the hydraulic system of the
rock drilling machine, it is possible to easily form a closed system for
lubricating the drill shank and its rotation mechanism, in which case no
lubricant escapes to the air, which is possible in conventional pressurized air
lubrication.

[0011] According to an embodiment, at least part of the flow of the
pressure fluid entering or exiting the percussion device of the rock drilling
machine is directed to the rotation mechanism of the drill shank.

[0012] According to another embodiment, at least part of the flow of
the pressure fluid entering or exiting the rotation device of the rock drilling
machine is directed to the rotation mechanism of the drill shank.

[0013] According to a third embodiment, at least part of the flow of
the pressure fluid entering or exiting the control unit used in controlling the
position of the control valve of the percussion device of the rock drilling
machine is directed to the rotation mechanism of the drill shank.

Brief description of the figures

[0014] Some embodiments of the invention will be described in
more detail in the attached drawings, in which

Figure 1 is a schematic side view of a prior art rock drilling rig,

Figure 2 is a schematic side view of a prior art rock drilling machine,

Figure 3 is a schematic view of an arrangement for lubricating the
rotation mechanism of a drill shank of a rock drilling machine,

Figure 4 is a schematic view of another arrangement for lubricating
the rotation mechanism of a drill shank of a rock drilling machine,

Figure 5 is a schematic view of a third arrangement for lubricating
the rotation mechanism of a drill shank of a rock drilling machine,
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Figure 6 IS a schematic view of a fourth arrangement for lubricating
the rotation mechanism of a drill shank of a rock drilling machine,

Figure 7 Is a schematic view of a fifth arrangement for lubricating
the rotation mechanism of a drill shank of a rock drilling machine, and

Figure 8 Is a schematic view of a sixth arrangement for lubricating
the rotation mechanism of a drill shank of a rock drilling machine, and

Figure 9 Is a schematic view of a seventh arrangement for
lubricating the rotation mechanism of a drill shank of a rock drilling machine.

[0015] In the figures, some embodiments of the invention are shown
simplified for the sake of clarity. Similar parts are marked with the same
reference numbers In the figures.

Detailed description of the invention

[0016] Figure 1 Is a schematic side view of a rock drilling rig 1
shown In a simplified manner. The rock drilling rig 1 of Figure 1 comprises a
carrier 2, one or more booms 3, and a feed beam 4 arranged to the free end of
the boom 3. A rock drilling machine S or drilling machine 5 is further arranged
to the feed beam 4. On the carrier 2 of the rock drilling rig 1, a pressure
medium source, such as a hydraulic pump 6 or the like, may also be arranged,
and by means of the pressure formed thereby, pressure fluid is directed along
a pressure circuit 7 from a pressure medium container 19 serving as storage
for the pressure fluid to the rock drilling machine 5 for performing various
functions thereof.

[0017] Figure 2 Is a schematic side view of a rock drilling machine 5
that is arranged on the feed beam 4 movable with respect to the feed beam 4.
The rock drilling machine 5 may be moved on the feed beam 4 by means of a
feed device 8. The rock drilling machine 5 has a drill shank 9 to which the
necessary drilling tools 10 may be connected, consisting of one or more drill
rods 10a, 10b and a drill bit 11, for instance, the drilling tools 10 forming the
tool 10 of the rock drilling machine 5. The rock drilling machine 5 further has a
percussion device 12 for causing stress pulses to the drill shank 9. In addition,
the rock drilling machine 5 has a rotation device 13, with which the drill shank 9
and the drilling tools 10 connected thereto may be rotated around their
longitudinal axes. The drill shank 9 transmits impact, rotation and feed forces
to the drilling tools 10 that transmit them on to the rock 14 being drilled.

[0018] Figure 3 Is a basic schematic cross-sectional side view of a
percussion device 12, the frame 15 of which is In Figure 3 only shown very
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schematically as a box marked by reference number 15 and also without
cross-sectional lineation for the sake of clarity. Inside the frame 15, there is a
work chamber 16 with a transmission piston 17. The transmission piston 17 is
coaxial with the drill rod 10b or some other tool belonging to the drilling tools
10 of the rock drilling machine 5. Between the transmission piston 17 and arill
rod 10b, there is a drill shank 9 that transmits a stress pulse generated by
means of the transmission piston 17 to the drill rod 10b. The transmission
piston 17 may move In its axial direction so that the transmission piston 17
touches the drill shank 9 at least when the stress pulse starts to form and
during its formation. For forming the stress pulse, pressurized fluid is led to the
work chamber 16 from a pressure medium source, such as pump 6 shown In
Figure 1, along a pressure line PL1 connected to the pressure circuit 7 through
the control valve 18 of the percussion device 12, for example. The control
valve 18 may be formed in many different ways obvious to a person skilled In
the art, and the structure and operating principle of the control valve 18 Iis not
described In this context in more detail. In Figure 3, the control valve 18 iIs
shown In the position in which it Is during the return flow of the pressure fluid,
that Is, In a situation where the pressure fluid is allowed to flow away from the
percussion device 12 through an outlet line OL1. A stress pulse is generated,
when the pressure of the pressure fluid pushes the transmission piston 17
toward the drill shank 9 andq, thus, presses the drill shank 9 and through the
drill shank 9 the drill rods 10a, 10b and drill bit 11 against the rock 14 being
drilled. In the percussion device 12 shown In Figure 3, the stress pulse IS
formed without a specific percussion movement. When the control valve 18
closes the entry of the pressure fluid to the percussion device 12 and then
allows the pressure fluid that has acted on the transmission piston 17 to exit
along the output line OL1 to the pressure medium container 19, the stress
pulse ends and the transmission piston 17 that has moved a short distance, In
practice only a few millimetres, toward the drill shank 9 returns to its start
position. This Is repeated as the control valve 18 alternately switches the
pressure to act on the transmission piston 17 and then allows the pressure to
discharge from the percussion device 12, whereby, controlled by the control
valve 18, a series of consecutive stress pulses is formed. To return the
transmission piston 17, it is, when necessary, possible to supply pressure
medium Into the chamber 16a between stress pulses or the transmission
piston 17 can be returned by mechanical means, such as a spring, or by
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pushing the percussion device 12 with the feed device 8 Iin the drilling
direction, whereby the transmission piston 17 moves backward relative to the
percussion device 12 to its start position.

[0019] During the operation of the percussion device 12, the
percussion device 12 is pushed by means of the feed device 8 in a manner
known per se toward the drill rods 10a, 10b and, at the same time, the material
being drilled.

[0020] The drill shank 9 has splines 20 that connect to grooves 22
on the inner circumference of the rotation bushing 21 surrounding the drill
shank 9, whereby the drill shank 9 can be rotated via the rotation bushing 21.
The rotation bushing 21 is, in turn, rotated by a rotating motor 23 with a gear
ring 25 that is connected to the axle 24 of the motor 23 and has on its surface
grooves 26 that connect to grooves 27 on the outer circumference of the
rotation bushing 21. The rotating motor 23, axle 24, gear ring 25, and rotation
bushing 21 form a rotation device 13, through which the drill shank 9 and
drilling tools 10 connected thereto can be rotated during drilling. In the
embodiment of Figure 1, the gear ring 25, rotation bushing 21, and splines 20
of the drill shank 9 form the rotation mechanism of the drill shank 9, but the
rotation mechanism of the drill shank 9 can be formed in many different ways
and In this specification, the rotation mechanism of the drill shank 9 refers to
the means or parts, through which the rotation movement produced by the
rotating motor 23 Is transmitted to the drill shank 9. Further, the basic structure
and operation of the rotation equipment is known per se to a person skilled In
the art, and they are not described in more detall herein.

[0021] The lubrication of the rotation mechanism of the drill shank 9,
that is, in the embodiment of Figure 3, the lubrication between the splines 20 of
the drill shank 9 and the grooves 22 on the inner circumference of the rotation
bushing 21 and the lubrication between the gear ring 25 and the grooves 27 on
the outer circumference of the rotation bushing 21 are arranged by means of
the return flow of the hydraulic circuit or percussion circuit of the percussion
device 12. In Figure 3, the return flow of the hydraulic circuit is shown by
arrows drawn In bold type, and the direction shown by the arrow shows
schematically the travel of the return flow of the percussion device 12 hydraulic
circuit. The flow of the pressure fluid returning from the work chamber 16 of the
percussion device 12, which in Figure 3 Iis shown by arrow A1, Is directed by
the control valve 18 to the output line OL1, from which the pressure fluid Is
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arranged to flow, as shown schematically by arrows A2 and A3, toward the arili
shank 9, where the flow is divided into two sub-flows A4 and A5, and sub-flow
A4 is directed to lubricate the connection between the gear ring 25 and the
grooves 27 on the outer circumference of the rotation bushing 21, and sub-flow
AS Is directed to lubricate the connection between the splines 20 of the drill
shank 9 and the grooves 22 on the inner circumference of the rotation bushing
21. The flow exiting from the gap between the gear ring 25 and the grooves 27
on the outer circumference of the rotation bushing 21 is shown by arrow AG,
and the flow exiting from the gap between the splines 20 of the drill shank 9
and the grooves 22 on the inner circumference of the rotation bushing 21 is
shown by arrow A7. In the embodiment shown In Figure 3, the sub-flows AG
and A7 are then combined into one flow A8 before directing it to the pressure
medium container 19, even though the sub-flows A6 and A7 could naturally
also be directed to the pressure medium container 19 as separate flows.

[0022] Figure 1 only shows one pressure medium container 19 that
IS located In connection with the carrier 2 of the rock drilling rig 1. However, the
rock drilling rig 1 can comprise several pressure medium containers in such a
manner, for instance, that in addition to the pressure medium container located
In connection with the carrier 2 of the rock drilling rig 1, each rock drilling
machine 5 arranged to the rock drilling rig has its own pressure medium
container.

[0023] There may also be more than one pressure medium sources,
such as hydraulic pumps 6, In such a manner, for instance, that the rotation
device 13 has its own pressure medium source and the feed device 8 and
percussion device 12 have their own common pressure medium source. There
may also be a separate pressure medium source for operating the boom 3.

[0024] In the solution of Figure 3, the return flow of the pressure
fluid of the hydraulic circuit of the percussion device 12, that Is, the pressure
fluid flow exiting the percussion device 12, is thus used to lubricate the rotation
mechanism of the drill shank, while the percussion device 12 forms a device of
the rock drilling machine that implements at least one function. The solution
easily provides sufficiently effective lubrication and cooling of the drill shank
and its rotation mechanism. The solution also does not require the compressed
alr source, such as compressor, necessary for pressurized air lubrication, nor
IS a separate lubricant required, which is not necessarily even re-circulatable.
When the pressure fluid used In lubricating the rotation mechanism of the drill
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shank 9 Is led to the pressure medium container 19, the lubrication of the
rotation mechanism of the drill shank 9 forms a closed system, in which case
no micronic lubricant can enter the surrounding air, as may happen In
conventional pressurized air lubrication, and the pressure fluid used In
lubrication can be circulated back to the hydraulic system of the rock drilling
machine 5, to the hydraulic circuit of the percussion device 12, for example.
The transmission piston 17 also does not require a separate sealing, because
a possible leak from the work chamber 16 past the transmission piston 17
flows to the drill shank 9 and then back to the oil circulation. However, it Is
advantageous to place a sealing outside the percussion device 12 to prevent
an oll leak from the percussion device 12 around the drill shank 9. This sealing
IS shown very schematically and marked by reference number 30 in Figure 3.

[0025] Also, in the solution of Figure 3, the need for feed force
decreases substantially if the return of the transmission piston 17 is done by
feed force directed to the percussion device 12 and not with a separate return
work surface area or mechanical auxiliary device, for example. As the pressure
of the pressure medium container acts on both sides of the transmission piston
17, most of the force caused by the pressure of the pressure medium container
IS cancelled out, and thus the need for feed force decreases. The chamber 16a
may be connected to the pressure of the pressure medium container through a
connecting channel 31 arranged between the chamber 16a and the flow
channel marked by arrow A3.

[0026] In the embodiment shown in Figure 3, the entire return flow
from the work chamber 16 of the percussion device 12 Is directed for use In
lubricating the rotation mechanism of the drill shank, but it is clear that it is also
possible to have an embodiment, where only part of the return flow of the
percussion circuit of the percussion device 12 is directed for use in lubricating
the rotation mechanism of the drill shank, while the rest of the return flow goes
directly back to the pressure medium container 19.

[0027] In the embodiment shown in Figure 3, as in the embodiments
shown In the following figures, the return flow of the pressure fluid IS shown
very schematically by arrows drawn in bold type, but it is clear that in practice
the pressure fluid Is, outside the percussion device 12, arranged to flow along
appropriate pressure hoses or the like and, in the percussion device, through
flow channels made by drilling, for instance, to the frame of the percussion
device.
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[0028] Figure 4 I1s a schematic cross-sectional side view of the
percussion device 12 of Figure 3, the operation of which Is thus similar to that
shown In Figure 3 with the exception, however, that the exiting pressure fluid
flow from the percussion device 12, which is marked by arrow A1, is directed
directly to the pressure medium container 19 in the manner shown by arrow
A2.

[0029] Figure 4 further shows the control valve 28 of the rotation
device 13 used to control the operation of the rotating motor 23. For driving the
rotating motor 23, pressurized fluid is led to the rotating motor 23 from a
pressure source, such as the pump 6 shown in Figure 1, along a pressure line
PL2 through the control valve 28 in the manner shown schematically by arrow
B. The control valve 28 may be formed in many different ways obvious to a
person skilled in the art, and the structure and operating principle of the control
valve 28 is not described in this context in more detail. The return flow of the
pressure fluid from the rotating motor 23 goes through an output line OL2. The
supply flow or incoming flow of the pressure fluid to the rotating motor 23 and
the return flow or exiting flow from the rotating motor 23 are typically
continuous during the operation of the rotating device 23.

[0030] The lubrication of the rotation mechanism of the drill shank 9,
that Is, the lubrication between the splines 20 of the drill shank 9 and the
grooves 22 on the Inner circumference of the rotation bushing 21 and the
lubrication between the gear ring 25 and the grooves 27 on the outer
circumference of the rotation bushing 21, is In the embodiment of Figure 4
arranged by means of the return flow of the hydraulic circuit, or rotation circuit,
of the rotating device 13, the rotating device 13 thus forming a device of the
rock drilling machine performing at least one function. In Figure 4, the return
flow of the hydraulic circuit of the rotating device is shown by arrows drawn In
bold type, and the direction shown by the arrow shows schematically the travel
of the return flow of the rotating device 13 hydraulic circuit. The flow of the
pressure fluid exiting the rotating device 13 and especially the rotating motor
23, which in Figure 4 is shown by arrow B1, is directed by a control valve 28 to
the output line OL2, from which the pressure fluid is arranged to flow, as
shown schematically by arrows B2 and B3, toward the drill shank 9, where the
flow Is divided into two sub-flows B4 and BS, and sub-flow B4 Is directed to
lubricate the connection between the gear ring 25 and the grooves 27 on the
outer circumference of the rotation bushing 21, and sub-flow BS is directed to
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lubricate the connection between the splines 20 of the drill shank 9 and the
grooves 22 on the inner circumference of the rotation bushing 21. The flow
exiting from the gap between the gear ring 25 and the grooves 27 on the outer
circumference of the rotation bushing 21 is shown by arrow Bo, and the flow
exiting from the gap between the splines 20 of the drill shank 9 and the
grooves 22 on the inner circumference of the rotation bushing 21 is shown by
arrow B7. In the embodiment shown in Figure 4, the sub-flows B6 and B7 are
then combined into one flow B8 before directing it to the pressure medium
container 19, even though the sub-flows B6 and B7 could naturally also be
directed to the pressure medium container 19 as separate flows.

[0031] In the solution of Figure 4, the return flow of the pressure
fluid In the hydraulic circuit of the rotating device 13 Is thus used to lubricate
the rotation mechanism of the drill shank. The advantages of the solution are
the same as those presented earlier in connection with the embodiment of
Figure 3. If the transmission piston 17 is to be returned to its start position
merely by using the feed force of the feed device 8, the required feed force can
be decreased by connecting the chamber 16a to the pressure of the pressure
medium container through a connecting channel 31 arranged between the
chamber 16a and the flow channel marked by arrow B3.

[0032] In the embodiment shown In Figure 4, the entire flow of the
pressure fluid exiting the rotating device 13 Is directed for use In lubricating the
rotation mechanism of the drill shank, but it is clear that it is also possible to
have an embodiment, where only part of the return flow of the hydraulic circuit
of the rotating device 13 Is directed for use In lubricating the rotation
mechanism of the drill shank, while the rest of the return flow goes back to the
pressure medium container 19.

[0033] Figure 5 Is a schematic cross-sectional side view of the
percussion device 12 of Figure 3, the operation of which is thus similar to that
shown In Figure 3 with the exception, however, that the exiting pressure fluid
flow from the percussion device 12, which is marked by arrow A1, is directed
directly to the pressure medium container 19 in the manner shown by arrow
A2.

[0034] Figure 5 further shows very schematically a control unit 29
used for controlling the operation of the control valve 18 of the percussion
device 12, that is, in practice for adjusting the position of the control valve 18,
and operating under the effect of pressure fluid, and a pressure line PL3
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conducting pressurized fluid from a pressure source, such as the pump ©
shown In Figure 1, to the control unit 29 as shown schematically by arrow C.
The return flow of the pressure fluid from the control unit 29 goes through an
output line OL3. The control unit 29 can be formed in many different ways that
are obvious to a person skilled in the art, and the structure and operation of the
control device 29 is not described herein in more detail.

[0035] The lubrication of the rotation mechanism of the drill shank 9,
that Is, the lubrication between the splines 20 of the drill shank 9 and the
grooves 22 on the Inner circumference of the rotation bushing 21 and the
lubrication between the gear ring 25 and the grooves 27 on the outer
circumference of the rotation bushing 21 are in the embodiment shown In
Figure 5 arranged by means of the return flow of the hydraulic circuit or
operating circuit of the control unit 29 of the control valve 18 of the percussion
device 12. In Figure 5, the return flow of said hydraulic circuit IS shown by
arrows drawn In bold type, and the direction shown by the arrow shows
schematically the travel of the return flow of the control unit 29 hydraulic circulit.
The flow of the pressure fluid exiting the control unit 29 Is arranged to flow, as
shown schematically by arrows C1 and C2, toward the drill shank 9, where the
flow Is divided into two sub-flows C3 and C4, and sub-flow C3 Is directed to
lubricate the connection between the gear ring 25 and the grooves 27 on the
outer circumference of the rotation bushing 21, and sub-flow C4 Is directed to
lubricate the connection between the splines 20 of the drill shank 9 and the
grooves 22 on the inner circumference of the rotation bushing 21. The flow
exiting from the gap between the gear ring 25 and the grooves 27 on the outer
circumference of the rotation bushing 21 is shown by arrow C5, and the flow
exiting from the gap between the splines 20 of the drill shank 9 and the
grooves 22 on the inner circumference of the rotation bushing 21 is shown by
arrow C6. In the embodiment shown in Figure 5, the sub-flows C5 and C6 are
then combined into one flow C7 before directing it to the pressure medium
container 19, even though the sub-flows C5 and C6 could naturally also be
directed to the pressure medium container 19 as separate flows.

[0036] In the solution of Figure 5, the return flow of the pressure
fluid of the hydraulic circuit of the control unit 29 controlling the operation of the
control valve 18 of the percussion device 12 Is thus used to lubricate the
rotation mechanism of the drill shank, while the control unit 29 forms a device
of the rock drilling machine that implements at least one function. The
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advantages of the solution are the same as those presented earlier In
connection with the embodiment of Figure 3. If the transmission piston 17 is to
be returned to its start position merely by using the feed force of the feed
device 8, the required feed force can be decreased by connecting the chamber
16a to the pressure of the pressure medium container through the connecting
channel 31 arranged between the chamber 16a and the flow channel marked
by arrow C2.

[0037] In the embodiment shown In Figure 5, the entire flow of the
pressure fluid exiting the control unit 29 is directed for use In lubricating the
rotation mechanism of the drill shank, but it is clear that it is also possible to
have an embodiment, where only part of the return flow of the control device
29 Is directed for use In lubricating the rotation mechanism of the drill shank,
while the rest of the return flow goes back to the pressure medium container
19.

[0038] Figure 6 Is a schematic cross-sectional general side view of
a second percussion device 12. The percussion device 12 of Figure ©
resembles in structure that shown in Figures 3 to 5 with the exception,
however, that in Figure 6, the transmission piston 17 of the percussion device
12 has a flow channel shown by arrow D95, through which, during the return
movement of the transmission piston 17, pressure fluid can flow through the
transmission piston 17 and chamber 16a toward the drill shank for the purpose
of lubricating the rotation mechanism of the drill shank 9. During the return
movement of the transmission piston 17, pressure fluid returns from the work
chamber 16 as return flow D1 that is directed toward the drill shank 9 in the
manner shown by arrows D2, D3, and D4. In Figure 6, the control valve 18 is
thus shown In a position where it is during the return flow of the pressure fluid
prior to the generation of a stress pulse, when the pressure fluid Is allowed to
flow away from the percussion device 12 through the output line OL1. During
the generation of the stress pulse preceding the return flow, the transmission
piston 17 is allowed to move toward the drill shank 9 to the extent that the flow
channel marked by arrow D4 and the flow channel marked by arrow D5 move
into alignment. From the flow channel marked by arrow D35, the pressure fluid
IS allowed to flow through the chamber 16a on toward the drill shank 9, and the
flow of the pressure fluid is divided into two sub-flows D6 and D7, and sub-flow
D6 Is directed to lubricate the connection between the gear ring 25 and the
grooves 27 on the outer circumference of the rotation bushing 21, and sub-flow
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D7 Is directed to lubricate the connection between the splines 20 of the drill
shank 9 and the grooves 22 on the inner circumference of the rotation bushing
21. The flow exiting from the gap between the gear ring 25 and the grooves 27
on the outer circumference of the rotation bushing 21 i1s marked by arrow D8,
and the flow exiting from the gap between the splines 20 of the drill shank 9
and the grooves 22 on the inner circumference of the rotation bushing 21 is
marked by arrow D9. In the embodiment shown in Figure 6, the sub-flows D8
and D9 are then combined into one flow D10 before directing it to the pressure
medium container 19, even though the sub-flows D8 and D9 could naturally
also be directed to the pressure medium container 19 as separate flows.

[0039] In the embodiment shown Iin Figure 6, the entire return flow
from the work chamber 16 of the percussion device 12 Is directed for use In
lubricating the rotation mechanism of the drill shank, but it is clear that it is also
possible to have an embodiment, where only part of the return flow of the work
chamber 16 of the percussion device 12 Is directed for use In lubricating the
rotation mechanism of the drill shank, while the rest of the return flow goes
directly back to the pressure medium container 19.

[0040] In the embodiment of Figure 6, the connection of the flow
channels marked by arrows D4 and D5 is thus formed during the generation of
the impact pulse or stress pulse, when the transmission piston 17 moves
toward the drill shank 9. As the return movement of the transmission piston 17
begins and for a time during the return movement of the transmission piston,
the flow channels marked by arrows D4 and D5 are in connection with each
other, whereby the pressure fluid returning from the work chamber 16 Is
allowed to flow through the flow channels marked by arrows D4 and D5 to the
chamber 16a and from there on toward the drill shank 9 and its rotation
mechanism. During the final stage of the return movement, the connection
between the flow channels marked by arrows D4 and DS closes, when the
transmission piston 17 moves to its start position shown in Figure 6, where it Is
before the stress pulse is generated. The duration of the connection between
the flow channels marked by arrows D4 and D5 can be influenced by the
dimensioning of the diameters of said flow channels, for instance.

[0041] Figure 7 is a schematic view of a fifth arrangement for
lubricating the rotation mechanism of a drill shank of a rock drilling machine.
The arrangement of Figure 7 corresponds to that of Figure 3 with the
exception, however, that in the arrangement of Figure 8 the control valve 18 of
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the percussion device 12 comprises a rotatable switch member 18a that can
be rotated by means of the motor 32 and axle 33 or some other suitable
mechanism in the direction shown by arrow R or rotatably back and forth. The
switch member 18a has one or, as shown Iin Figure 7, several channels, such
as openings 18b or grooves 18b, and when the switch member 18a moves,
pressure fluid Is allowed to act from the pressure line PL1 to the transmission
piston 17 and, correspondingly, as the switch member 18a moves on, the
pressure fluid that acted on the transmission piston 17 is allowed to exit
through the output line OL1. In Figure 7, the control valve 18 is shown In the
position, in which the pressure fluid is allowed to flow away from the
percussion device 12 through the outlet line OL1. The motor 32 rotating the
switch member 18a of the control valve 18, the control valve 18 equipped with
the rotatable switch member 18a, and the transmission piston 17 can be
positioned iIn many ways relative to each other, but preferably the motor 32,
valve 18, and transmission piston 17 are positioned coaxially to each other In
the manner shown schematically in Figure 7.

[0042] The arrangement of Figure 7 also differs from that of Figure
3 In how the power used in rotating the drill shank 9 is transmitted from the
rotation bushing 21 to the drill shank 9. In the arrangement of Figure 3, the drill
shank 9 has splines 20 to transmit the power required to rotate the drill shank
from the rotation bushing 21 to the drill shank 9, but in the arrangement of
Figure 7, balls 34 are arranged between the rotation bushing 21 and drill shank
9, and the balls are positioned on one hand Iin the grooves 22 of the rotation
bushing 21 and on the other hand in grooves 35 formed in the drill shank 9 so
that the balls 34 and the edges of the grooves 22 and 35 supporting them
transmit the power required to rotate the drill shank 9 from the rotation bushing
21 to the drill shank 9. In the embodiment of Figure 7, the rotation mechanism
of the drill shank 9 thus comprises the gear ring 25, rotation bushing 21, and
balls 34. Instead of round balls 34, it is also possible to use cylindrical rolls or
ones with curved surfaces, for instance, and grooves 22 and 35 shaped
correspondingly.

[0043] In spite of the above differences between the arrangement of
Figure 3 and that of Figure 7, the lubrication of the rotation mechanism of the
drill shank 9 operates by the same principle in Figure 7 as already described In
connection with Figure 3.
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[0044] Figure 8 Is a schematic cross-sectional side view of a
percussion device 12 that mainly corresponds to that shown in Figure 3 but
differs from the percussion device of Figure 3 in that the drill shank 9 of the
percussion device 12 of Figure 8 has a flange 36, which flange 36 Is arranged
at least partly or entirely inside a chamber 40 in the frame structure 15 of the
percussion device 12 and which flange 36 forms a work surface area 37 or
surface area 37, to which surface area 37 a pressure can be made to act so as
to influence the position of the drill shank 9 and transmission piston 17 In the
percussion device. The drill shank 9 is supported to the frame 15 of the
percussion device 12 through bearings 38. Behind the flange 36 and bearings
38, there Is further a chamber 39, by means of which the lubrication of the drill
shank 9 and its rotation mechanism can be arranged.

[0045] The lubrication of the rotation mechanism of the drill shank 9,
that Is, the lubrication between the splines 20 of the drill shank 9 and the
grooves 22 on the Inner circumference of the rotation bushing 21 and the
lubrication between the gear ring 25 and the grooves 27 on the outer
circumference of the rotation bushing 21 are in the embodiment shown In
Figure 8 arranged by means of the pressure fluid entering the percussion
device 12. In the embodiment of Figure 8, part of the pressure fluid entering
the percussion device 12 from the pressure medium source along the pressure
line PL1 of the percussion device 12 Is led to act on the work surface area 37
of the flange 36 arranged on the drill shank 9. This flow is marked by arrows
drawn In bold type, and the direction shown by the arrow shows schematically
the travel of the flow. Part of the pressurized fluid entering the percussion
device 12 along the pressure line PL1 is led through a valve not shown in
Figure 8 in the manner shown schematically by arrows E1, E2, E3, and E4
toward the drill shank 9. In the drill shank 9, the pressurized fluid is arranged to
act on the work surface area 37 on the flange 36 Iin the manner shown
schematically by arrow E4. The pressure acting on the work surface area 37
pushes both the drill shank 9 and transmission piston 17 backward, thus
returning the drill shank 9 and transmission piston 17 toward their original
position before the next stress pulse caused by the percussion device. At the
same time, the attachment of the drill shank 9 and transmission piston 17 to
each other is also enhanced, that iIs, this solution can be used to adjust the
position of the drill shank 9 In the percussion device 12. In the embodiment
shown in Figure 8, said work surface area is thus arranged to the drill shank 9
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and not the transmission piston 17 or percussion piston of a hydraulic
percussion device, as Is usual.

[0046] At least part of the flow acting on the work surface area 37
and marked by arrow E4 is still allowed to flow past the flange 36 in the drill
shank 9 in the manner shown by arrow ES either as a leakage flow through the
bearings 38 or along one or more pressure-lowering throttle channels arranged
In the flange 36 or separately beside the flange 36 to a chamber 39 behind the
flange 36. In the chamber 39, the flow divides into two sub-flows E6 and E7,
and the sub-flow EG lubricates the connection between the gear ring 25 and
the grooves 27 on the outer circumference of the rotation bushing 21, and the
sub-flow E7 lubricates the connection between the splines 20 of the drill shank
9 and the grooves 22 on the inner circumference of the rotation bushing 21.
The flow exiting from the gap between the gear ring 25 and the grooves 27 on
the outer circumference of the rotation bushing 21 i1s shown by arrow E8, and
the flow exiting from the gap between the splines 20 of the drill shank 9 and
the grooves 22 on the inner circumference of the rotation bushing 21 is shown
by arrow E9. In the embodiment shown in Figure 8, the sub-flows E8 and E9
are then combined into one flow E10 before directing it to the pressure medium
container 19, even though the sub-flows E8 and E9 could naturally also be
directed to the pressure medium container 19 as separate flows.

[0047] In the embodiment of Figure 8, the flange 36 and chamber
40 form a cylinder actuator affecting the operation of the rock drilling machine
5 and influencing the position of the drill shank 9 and/or transmission piston 17
In the percussion device 12. The pressure fluid flowing into the chamber 39
behind the flange 36 as a leakage flow either through the flange 36 and/or past
it along separate pressure-lowering throttle channels and/or as leakage flow
through bearing clearances of the bearings 38 is the return flow of the pressure
fluild of said actuator, that is, flow exiting the actuator, which is further used in
the manner described above to lubricate the rotation mechanism of the drill
shank 9. The quantity of the leakage flow flowing through the bearing
clearances of the bearings 38 to the chamber 39 can be Influenced by the
degree or efficiency of the sealing between the flange 36 and the frame 15 of
the percussion device 12, said leakage flow thus also being part of the
functionality designed for the flange 36 and its work surface area 37.

[0048] In the solution of Figure 8, part of the flow of the hydraulic
circuit of the percussion device 12 is thus used to return the drill shank 9 and
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transmission piston 17 toward their original positions. The return flow of the
pressure fluid created as a result of this function is, in turn, used In lubricating
the rotation mechanism of the drill shank. Instead of using the operating
pressure of the percussion device 12, the operating pressure required for
providing the return function of the drill shank 9 and transmission piston could
be derived from the operating pressure of the rotating device 13, that Is, from
the pressure line PL2 of the rotating device 13, from the operating pressure of
the control unit 29 controlling the operation of the control valve 18, that is, from
the pressure line PL3 of the control unit 29, or from adjustable operating
pressure of a circuit separate from these.

[0049] Figure 9 is a schematic view of a seventh arrangement for
lubricating the rotation mechanism of a drill shank 9 of a rock drilling machine
5. The solution shown In Figure 9 Is very similar to that of Figure 3 with the
exception, however, that pressure fluid entering the percussion device 12 is
used to lubricate the rotation mechanism of the drill shank 9.

[0050] The lubrication of the rotation mechanism of the drill shank 9,
that is, in the embodiment of Figure 9, the lubrication between the splines 20 of
the drill shank 9 and the grooves 22 on the inner circumference of the rotation
bushing 21 and the lubrication between the gear ring 25 and the grooves 27 on
the outer circumference of the rotation bushing 21, is arranged by means of
the entry flow of the hydraulic circuit or percussion circuit of the percussion
device 12. Part of the flow of the pressure fluid entering the percussion device
12 along the pressure line PL1 is directed toward the drill shank 9 as shown
schematically by arrows F1 and F2. The embodiment shown in Figure 9 further
has a pressure-reducing unit 41 that may be a throttle or a pressure-reducing
valve, with which the pressure of the pressure fluid may be reduced to a lower
pressure level sufficient for lubrication purposes. After the pressure-reducing
unit, the pressure fluid flows on in the manner shown by arrow F3 toward the
drill shank 9, where the flow is divided into two sub-flows F4 and F5, and sub-
flow F4 is directed to lubricate the connection between the gear ring 25 and the
grooves 27 on the outer circumference of the rotation bushing 21, and sub-flow
F5 Is directed to lubricate the connection between the splines 20 of the drill
shank 9 and the grooves 22 on the inner circumference of the rotation bushing
21. The flow exiting from the gap between the gear ring 25 and the grooves 27
on the outer circumference of the rotation bushing 21 Iis shown by arrow FO0,
and the flow exiting from the gap between the splines 20 of the drill shank 9
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and the grooves 22 on the inner circumference of the rotation bushing 21 Is
shown by arrow F7. In the embodiment shown in Figure 3, the sub-flows F6
and F7 are then combined into one flow F8 that is combined to the flow exiting
the percussion device 12 shown by arrow A2 and directed to the pressure
medium container 19. The advantages of the solution correspond to those
described in connection with the description of Figure 3.

[0051] In the solution of Figure 9, the pressure fluid flow entering
the percussion device 12, that Is, the entry flow of the hydraulic circuit of the
percussion device 12, Is thus used In lubricating the rotation mechanism of the
drill shank 9. Correspondingly, the pressure fluid flow entering the rotating
device 13 or control unit 29 of the control valve 18 could also be used to
lubricate the rotation mechanism of the drill shank 9, as could the pressure
fluid brought to the flange 36 arranged to push the drill shank 9 away from the
tool 10 of the rock drilling machine 5. The use of the pressure-reducing unit 41
IS not necessary If the pressure level of the pressure fluid entering the device Is
at a suitable level even for the lubrication of the rotation mechanism of the arill
shank.

[0052] In some cases, the features described In this application may
be used as such, regardless of other features. On the other hand, the features
described in this application may also be combined to provide various
combinations as necessary. Thus, the control valve shown in Figure 7 and/or
the power transmission principle used In rotating the drill shank 9, for instance,
can also be used as appropriate in the solutions of Figures 3 to 6 or 8 or 9.

[0053] The drawings and the related description are only intended
to lllustrate the idea of the invention. The invention may vary In its details within
the scope of the claims. The figures and their descriptions present that both
the lubrication between the splines 20 of the drill shank 9 and the grooves 22
on the inner circumference of the rotation bushing 21 and the lubrication
between the gear ring 25 and the grooves 27 on the outer circumference of the
rotation bushing 21 are arranged by means of pressure fluid flow exiting the
same application site, but it is also possible to have an embodiment In which
the lubrication of both lubrication sites are arranged by means of pressure fluid
flows from different application sites or from more than one application site
and/or by means of pressure fluid flows entering one or more application sites.
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Claims

1. A method for lubricating a rotation mechanism of a drill shank (9)
in a rock drilling machine (5), the method comprising:

directing to the rotation mechanism of the drill shank at least part of
a flow of a pressure fluid of a hydraulic circuit of a device (12, 13, 29, 36, 40) of
the rock drilling machine (5) that performs at least one function, for the purpose
of lubricating the rotation mechanism (20, 21, 25, 34) of the drill shank (9); and
circulating the pressure fluid used in lubricating the rotation mechanism (20,
21, 25, 34) of the drill shank (9) back to a hydraulic system of the rock drilling
machine (5), to the hydraulic circuit of the device (12, 13, 29, 36, 40) of the
rock drilling machine (5) performing at least one function.

2. The method as claimed in claim 1, comprising: directing to the
rotation mechanism (20, 21, 25, 34) of the drill shank (9) pressure fluid
entering the device (12, 13, 29, 36, 40) of the rock driling machine (5)
performing at least one function, for the purpose of lubricating the rotation
mechanism.

3. The method as claimed in claim 2, comprising: reducing the
pressure of the pressure fluid to be directed to the rotation mechanism (20, 21,
25, 34) of the drill shank (9) before directing the pressure to the rotation
mechanism (20, 21, 25, 34) of the drill shank (9).

4. The method as claimed in claim 1, comprising: directing to the
rotation mechanism (20, 21, 25, 34) of the drill shank (9) pressure fluid exiting
the device (12, 13, 29, 36, 40) of the rock drilling machine (5) performing at

least one function, for the purpose of lubricating the rotation mechanism.
5. The method as claimed in any one of claims 1 to 4, wherein the

device of the rock drilling machine (5) performing at least one function is the
percussion device (12) of the rock drilling machine (5).

6. The method as claimed in any one of claims 1 to 4, wherein the
device of the rock drilling machine (5) performing at least one function is the
rotating device (13) of the rock drilling machine (5).

7. The method as claimed in any one of claims 1 to 4, wherein the
device of the rock drilling machine (5) performing at least one function is a
control unit (29) used to control the position of a control valve (18) of the
percussion device (12) of the rock drilling machine (5).

8. The method as claimed in any one of claims 1 to 4, wherein the
device of the rock drilling machine (5) performing at least one function is a



CA 02786678 2014-04-10

20

device (36, 40) arranged to push the drill shank (9) away from the tool (10) of
the rock drilling machine (5).

9. The method as claimed in claim 8, wherein the operating
pressure of the device (36, 40) arranged to push the drill shank (9) away from
the tool (10) of the rock drilling machine (5) is derived from the operating
pressure of the device (12, 13, 29) of the rock drilling machine (5) performing
at least one function.

10. The method as claimed in claim 8, wherein the operating
pressure of the device (36, 40) arranged to push the drill shank (9) away from
the tool (10) of the rock drilling machine (5) is derived from a separate
adjustable pressure medium source.

11. An arrangement for lubricating a rotation mechanism (20, 21,
25, 34) of a drill shank (9) of a rock drilling machine (5), in which arrangement
at least part of a flow of a pressure fluid of a hydraulic circuit of a device (12,
13, 29, 36, 40) of the rock drilling machine (5) performing at least one function
is arranged to be directed to the rotation mechanism (20, 21, 25, 34) of the drill
shank (9) for the purpose of lubricating it, wherein the pressure fluid used In
lubricating the rotation mechanism (20, 21, 25, 34) of the drill shank (9) Is
arranged to circulate back to a hydraulic system of the rock drilling machine
(5), to the hydraulic circuit of the device (12, 13, 29, 36, 40) of the rock drilling
machine (5) performing at least one function.

12. The arrangement as claimed in claim 11, wherein the pressure
fluid directed to the rotation mechanism (20, 21, 25, 34) of the drill shank (9)
for lubricating it is arranged to be derived from the pressure fluid entering the
device (12, 13, 29, 36, 40) of the rock drilling machine (5) performing at least

one function.
13. The arrangement as claimed in claim 12, wherein the

arrangement also comprises at least one pressure-reducing unit (41) for
reducing the pressure of the pressure fluid directed to the rotation mechanism
(20, 21, 25, 34) of the drill shank (9) before directing the pressure fluid to the
rotation mechanism (20, 21, 25, 34) of the drill shank (9).

14. The arrangement as claimed in claim 11, wherein the pressure
fluid directed to the rotation mechanism (20, 21, 25, 34) of the drill shank (9)
for lubricating it is arranged to be derived from the pressure fluid exiting the
device (12, 13, 29, 36, 40) of the rock drilling machine (5) performing at least
one function.
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15. The arrangement as claimed in any one claims 11 to 14,
wherein the device of the rock drilling machine (5) performing at least one
function is the percussion device (12) of the rock drilling machine (5).

16. The arrangement as claimed in any one of claims 11 to 14,
wherein the device of the rock drilling machine (5) performing at least one
function is the rotating device (13) of the rock drilling machine (5).

17. The arrangement as claimed in any one of claims 11 to 14,
wherein the rock drilling machine (5) has a control valve (18) for controlling the
operation of the percussion device (12) of the rock drilling machine (5) and that
the device of the rock drilling machine (5) performing at least one function is a
control unit (29) used to control the position of a control valve (18).

18. The arrangement as claimed in any one of claims 11 to 14,
wherein the device of the rock drilling machine (5) performing at least one
function is a device (36, 40) arranged to direct to a work surface area (37) of
the drill shank (9) pressure with which the drill shank (9) is pushed away from
the tool (10) of the rock drilling machine (5). |

19. The arrangement as claimed in claim 18, wherein the operating
pressure of the device (36, 40) arranged to push the drill shank (9) away from
the tool (10) of the rock drilling machine (5) is arranged to be derived from the
operating pressure of the device (12, 13, 29) of the rock drilling machine (9)
performing at least one function.

20. The arrangement as claimed in claim 18, wherein the operating
pressure of the device (36, 40) arranged to push the drill shank (9) away from
the tool (10) of the rock drilling machine (5) is arranged to be derived from a
separate adjustable pressure medium source.
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