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ABSTRACT

A rock drill (1) comprises a frame (6), a percussion member (2), an axial shank

(3), and an axial sleeve (5) provided within the frame (6) and comprising a first

5 pressure surface (8) provided in a first pressure space (7) and a second pressure
surface (10) provided in a second pressure space (9). A first channel (11) is pro-
vided in the axial sleeve (5) for providing a connection between the first pressure
space (7) and the second pressure space (9) in at least one position of the axial
sleeve (5) in the frame (6). A second pressure channel (13) connected to the sec-

10  ond pressure space (9) is connectable to external pressure. A pressure accumula-
tor (14) is connected to the first pressure space {7) and the flow of the pressure

medium outwards from the first pressure space (7) is throttled.
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ROCK DRILL
BACKGROUND

The invention relates to a rock drill, and more particularly to a rock

drill comprising a frame, a percussion member, a shank and an axial sleeve.

[t i1s known to use an axial sleeve in a rock drilling machine for moving
the shank to the intended percussion point during drilling and for adjusting the
percussion power by adjusting the position of the shank. On the other hand, the axial
sleeve can be used to dampen stress pulses reflected from the rock back to the drilling
machine.

Many problems are associated with different arrangements available
in the market. They do not provide sufficient dampening of stress pulses reflected from the
rock, they require external pressure control and/or they cause problems for rattling threads

of drill rods open.

BRIEF DESCRIPTION

An object of the invention is to provide a novel and improved rock drill.

An idea of the disclosed solution is that the rock drill comprises a first

pressure channel connected to a first pressure space provided in an axial direc-
tion on the side of the shank in relation to the axial sleeve, a pressure accumulator connected
to the first pressure channel and that flow of the pressure medium outwards from the first
pressure space is throttled by throttling the flow of the pressure medium from the first

pressure space (7) to the tank (20) and/or the

pressure lower than that of the external pressure connected to the second pres-
sure space (9).

An advantage of the disclosed solution is that in the solution the axial
sleeve provides a continuous support for the shank and the solution also provides
good dampening of the reflection back from the rock to the drilling machine when
the tool hits the rock. Additionally, the solution provides without external control
a simple automatic rock drill internal control of the functional state change between drilling,
during which a continuous support from the axial sleeve to the shank is needed, and rattling,

in other words hitting/rattling the threads of the drill rod open, during which the axial sleeve

should be kept from contacting the shank.
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BRIEF DESCRIPTION OF THE DRAWINGS

In the following the invention will be described in greater detail by
means of preferred embodiments with reference to the attached drawings, in
which

Figure 1 illustrates a detail of a rock drill according to an embodiment;

Figure 2 illustrates a detail of a rock drill according to a second em-
bodiment;

Figure 3 illustrates a detail of a rock drill according to a third embodi-

ment;

Figure 4 illustrates a detail of a rock drill according to a fourth em-
bodiment:

Figure 5 illustrates a detail of a rock drill according to a fifth embodi-

ment;

Figure 6 illustrates a detail of a rock drill according to a sixth embodi-
ment;

Figure 7 illustrates a detail of a rock drill according to a seventh em-

bodiment;
Figure 8 illustrates a detail of a rock drill according to an eighth em-

bodiment;
Figure 9 illustrates a detail of a rock drill according to a ninth em-
bodiment; and

Figure 10 is a schematic side view of a rock drill.

DETAILED DESCRIPTION OF THE INVENTION

General structures and working principles of pressure-medium-
operated rock drills used for percussive driliing are well known 1n the art. There-
fore, they are not explained in more detail in this description. The figures are pro-
vided for illustrating the principles of the current solution. For the sake of clarity,
not all necessary bearings, seals and ducts and other structural parts of a rock
drilling rig and rock drill are shown in the figures, for example.

Figure 10 1s a schematic side view of a rock drill 1. The rock drill 1 is

arranged movable relative to a feed beam 25. The feed beam 25 may be arranged
at the free end of a boom 32 of a rock drilling rig (not shown), for example. The
rock drill 1 is movable on the feed beam 25 by means of a feeding device 26. The
rock drill 1 comprises a shank 3 to which necessary drilling equipment 27 com-

posed of one or more drill rods 273, 27b, and a tool such as a drill bit 28, for ex-
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ample, can be connected. The rock drill 1 comprises a percussion device 29 for
generating percussion pulses in the shank 3 through a percussion member 2. In
addition, the rock drill 1 typically comprises a rotating device 30 for rotating the
shank 3 around its longitudinal axis. The shank 3 transfers percussion, rotational
and feeding forces to the drilling equipment 27, which transfers them further to a
rock 31 to be drilled.

Figure 1 illustrates a detail of a rock drill according to an embodiment.
The rock drill 1 may comprise a frame 6 composed of one or more interconnected
frame parts, a percussion member 2 and an axlal shank 3. The percussion mem-
ber may be arranged to move axially by the action of a pressure medium to gen-
erate impact pulses by directing pressure medium to act on working pressure
surface(s) (not shown) of the percussion member 2, such as a percussion piston
or a transmission piston, whereby the pressure medium may act on the percus-
sion member 2 in impact and return directions. The impact direction is marked
by a reference A and the return direction is the direction opposite to the impact
direction. The shank 3 may be provided on the front side of the percussion mem-
ber 2 in the direction of the impact A. In other words, the shank 3, and in particu-
lar an impact surface 4 of the shank 3, may be arranged to receive the impact
pulses. The shank 3 may then further transmit the impact pulse to a tool, such as a
drill bit 28. The impact pulse may comprise for instance a strike provided by Ki-
netic energy of a percussion piston or a stress pulse provided by a transmission
piston compressing the tool in its longitudinal direction. According to an em-
bodiment, the axial shank 3 may comprise an integral drill rod. In other words, in
such an embodiment the impact surface 4 receiving the impact pulses from the

percussion member 2 may be arranged on the integral drill rod instead of a sepa-
rate shank structure. Otherwise, this kind of an embodiment may be similar to an
embodiment described in this description and comprising a separate shank struc-
ture or a combination of such embodiments.

The rock drill 1 may further comprise an axial sleeve 5 provided
within the frame 6. More particularly, the percussion member 2, the shank 3 and
the axial sleeve 5 may be provided within a space provided inside the frame 6 of
the rock drill 1. The axial sleeve 5 may be used for moving the shank 3 to the in-
tended percussion point during drilling and for adjusting the percussion power
by adjusting the position of the shank 3, as well as for dampening stress pulses
reflected from the rock back to the drilling machine when the tool is brought into

contact with the rock to be drilled. Figure 10 illustrates the reflected stress pulse
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with arrows 33. The axial sleeve 5 may also act as an axial bearing in the rock drill

1.
The axial sleeve 5 may comprise a first pressure surface 8 provided in

a first pressure space 7 and a second pressure surface 10 provided in a second
pressure space 9. The first pressure space 7 may be provided in an axial direction
on the side of the shank 3 in relation to the axial sleeve 5 and the second pressure
space 9 is provided in an axial direction on the side of the axial sleeve 5 opposite
to that of the shank 3. Thereby the first pressure surface 8 of the axial sleeve 5
may be facing towards the shank 3 and the second pressure surface 10 may be
facing away from the shank 3.

Pressure medium fed to said first and second pressure spaces 7, 9 may
be arranged to act on the first pressure surface 8 and/or on the second pressure
surface 10 for moving the axial sleeve 5 in the axial direction. The pressure me-
dium may, thus, be arrangeable to act on one or both the first and the second
pressure surface 8, 10 at the same time or in turns. Thereby, the axial sleeve 5
may have different position in relation to the frame 6 during a work cycle of the
rock drill 1. A first channel 11 may be provided in the axial sleeve 5, which first
channel 11 provides a connection between the first pressure space 7 and the sec-
ond pressure space 9 in at least one position of the axial sleeve 5 in the frame 6, in
other words in at least one position of the axial sleeve 5 in relation to the frame 6.

According to an embodiment, during drilling, the rock drill 1 is pushed

the momentum of the strikes. The difference between these forces causes the
shank 3 to push the axial sleeve 5 backwards, in other words in return direction
B. Thereby, the position of the axial sleeve 5 in relation to the frame 6 opens and
closes the first channel 11 in such a manner, that the pressure medium in the first
pressure space 7 acts the first pressure surface 8 with such a force that the axial
sleeve 5 is kept in its position by a force that is a resultant of the force acting on
the second pressure surface 10 and pushing the axial sleeve 5 forward in impact
direction A and of the force acting on the first pressure surface 8 and pushing the
axial sleeve 5 backwards in return direction B. When the forces change, the axial
sleeve 5 moves by a small distance in relation to the frame 6, whereby the first
channel 11 opens slightly more or less, which affects the pressure in the first
pressure space 7 and, thereby, the force acting on the first pressure surface 8
changes keeping the resultant force between the forces pushing the axial sleeve 5

forward and backwards stable.
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The rock drill 1 may further comprise a second pressure channel 13
connected to the second pressure space 9. The second pressure channel 13 may
connectable to external pressure, thus connecting the second pressure space 9 to
the external pressure through the second pressure channel 13. The second pres-
sure channel 13 may be provided at least partly in the frame 6.

The rock drill 1 may further comprise a pressure accumulator 14 con-
nected to the first pressure space 7. The accumulator may comprise any accumus-
lator known as such for use in connection with pressure medium driven systems.

The flow of the pressure medium outwards from the first pressure
space 7 may be throttled. Thereby, an improved control regarding the operation
of the rock drill may be provided at the same time when the accumulator keeps
pressure more stable than in known solution.

According to an embodiment, the rock drill 1 may further comprise a
first pressure channel 12 connected to the first pressure space 7. The first pres-
sure channel may be provided at least partly in the frame 6. The first pressure
channel 12 may extend between the first pressure space 7 and the pressure ac-
cumulator 14.

According to an embodiment, the rock drill 1 may further comprise a
fourth pressure channel 21 connected to the first pressure space 7 directly, such
as in the embodiment of Figure 9, or indirectly, such as via the first pressure
channel 12. The fourth pressure channel 21 may be provided with a first throttle
15 for throttling the flow of the pressure medium outwards from the first pres-
sure space 7. This is the embodiment illustrated in Figure 1. According to a fur-
ther embodiment, the first throttle 15 may be adjustable to control the amount of
pressure medium flowing through the first throttle 15, such as shown for instance
in Figure 3. This further improves the control over the operation of the axial
sleeve 5 and the rock drill 1 as a whole and the versatility of the operation.

According to an embodiment, the area of the second pressure surface
10 may be smaller in size than the area of the first pressure surface 8. This en-
ables an improved control of an even more versatile movement, positioning and
percussion power of the shank 3 and the rock drill 1 as a whole. Thereby, in situa-
tions where there is no feeding force pushing the frame 6 towards the shank 3,
the axial sleeve 5 stays in the percussion point and doesn’t push the shank 3 for-
ward. This is particularly beneficial when the threads of the drill rod 27a, 27b are
rattled open, since no external control, such as switching an external control

pressure on/off, 1s needed to control the functional states of drilling and rattling
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the threads open, for example.
According to an embodiment, when the threads of the drill rod 27a,

27b are rattled open, the rock drill 1 is pushed forward in a horizontal position by
a feeding force that is only sufficient for balancing the momentum of the strikes.
Thereby, the feeding force does not push the rock drill 1 forward and the shank 3
does not push the axial sleeve 5 backwards. In such conditions a sufficient
amount of pressure medium flows from the second pressure space 9 through the
first channel 11 to the first pressure space 7 and, on the other hand, to the pres-
sure accumulator 14 to provide by the pressure medium in the first pressure
space 7 and in the second pressure space 9 forces acting on the first pressure sur-
face 8 and the second pressure surface 10, respectively, that are equal to one an-
other but acting on opposite directions A and B. Thereby, the axial sleeve 5 is kept
in place without pushing the shank 3 forward. In a balance situation the position
of the axial sleeve 5 with respect to the frame 6 is such that the first channel 11 is
at least partly open and an equal volume of pressure medium flow takes into the
first pressure space 7 through the first channel 11 and outwards from the first

pressure space 7 through throttling, whereby the pressures and the pressure me-

dium flow stay unchanged.

According to an embodiment, the pressure accumulator 14 enables
fast movements, whereby the axial sleeve 5 dampens the stress pulses 33 re-
flected from the rock 31 back to the drilling machine. During drilling, when the
percussion member 2 generates an impact pulse to the shank 3 the percussion
member 2 hits the shank 3 forward. The axial sleeve 5 then has pushing force that
starts to move the axial sleeve 5 forward, in other words in the impact direction
A, whereby the volume of pressure medium displaced from the first pressure
space 7 is directed to the pressure accumulator 14. According to an embodiment,
the throttling of the flow of the pressure medium outwards from the first pres-
sure space 7/, the areas of the first pressure surface 8 and the second pressure
surface 10, as well as the capacity and the pre-charge pressure of the pressure
accumulator 14, and in some embodiments also a second throttle 17 in the second
pressure channel 13 and/or a non-return vaive 18, are dimensioned in such a
manner that the axial sleeve 5 is in contact with the shank 3 before the reflected
stress pulse 33 is received by the shank 3, whereby the reflected stress pulse 33 is
transmitted to the axial sleeve 5. The axial sleeve 5 thereby moves backwards, in
other words in the return direction B, whereby the pressure medium volume dis-

placed to the pressure accumulator 14 returns to the first pressure space 7.
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The current solution thus enables solving the problem of many known
solutions where the axial sleeve tends to push the shank 3 forward thereby mak-
ing it difficult or impossible to rattle drill rod threads open in this manner without
additional arrangements.

According to an embodiment, the flow of the pressure medium out-
wards from the first pressure space 7 may be throttled by dimensioning a clear-
ance between the axial sleeve 5 and the frame 6 to throttle the leakage tlow be-
tween the axial sleeve 5 and the frame 6. This clearance and, thus, throttiing may
be provided on an area towards the shank 3 or an area towards the second pres-
sure space 9 from the first pressure space 7, as will be explained in connection
with some related embodiments.

Figure 2 illustrates a detail of a rock drill according to a second em-
bodiment. According to this embodiment, a third pressure channel 16 may be
connected on a side of the axial sleeve 5 to the direction of the shank 3 from the
first pressure space 7 for leakage flow taking place through the clearance be-
tween the axial sleeve 5 and the frame 6. The flow of the pressure medium out-
wards from the first pressure space 7 may then be throttied by dimensioning the
clearance between the axial sleeve 5 and the frame 6 to throttle the leakage flow
between the axial sleeve 5 and the frame 6. In such an embodiment, a separate
throttle is thus not necessary for throttling the flow of the pressure medium out-
wards from the first pressure space 7.

Figure 3 illustrates a detail of a rock drill according to a third embodi-
ment. [t 1s clear for a person skilled in the art that although this embodiment
combines several features and their combinations described above and below, a

different embodiment might only have one or some of the features and feature
combinations in line with what is described in the description and in the claims.

The purpose of the figure is to illustrate these features only and not to describe
these features being dependent of one another or being only usable as a combina-
tion.

According to an embodiment, the third pressure channel 16 may be
connected to a fourth pressure channel 21. According to an embodiment, the sec-
ond pressure channel 12 may be connected to the fourth pressure channel 21.
Such an embodiment may or may not comprise a third pressure channel 16.

According to an embodiment, a second throttle 17 may be provided in
the second pressure channel 13. According to an embodiment, the second throttle

17 may be adjustable to control the amount of pressure medium flowing through
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the throttle. According to a further embodiment, a non-return valve 18 may be
provided in the second pressure channel 13 connected and in parallel with said
second throttle 17, such that the non-return valve 18 enables flow of the pressure
medium in to the second pressure space 9 but not outwards from the second
pressure space 9. Thereby flow of the pressure medium outwards from the sec-
ond pressure space 9 can only take place through the second throttle 17. In other
words, flow of the pressure medium to the second pressure space 9 is not throt-

tled, but the flow of the pressure medium outwards from the second pressure

space 9 is throttled.

According to an embodiment, a sixth pressure channel 19 may be pro-
vided in the frame 6 on an area on the opposite side of the second pressure space
9 in relation to the first pressure space 7 and the shank 3. The sixth pressure
channel 19 may be used to direct leakage flow between the axial sleeve 5 and the
frame 6 backwards from the second pressure space 9 to a tank or to a pressure
lower than the external pressure provided to the second pressure space 9.

Figures 4 and 5 illustrate details of a rock drill according to a fourth
and a fifth embodiment, respectively. In such embodiments, a seal 24 may be pro-
vided in the axial sleeve 5, such as in Figure 4, or in the frame 6, such as in Figure
5, on an area between the first pressure space 7 and the second pressure space 9
to prevent leakage flow from the second pressure space 9 to the first pressure
space 7 or vice versa, in other words in the opposite direction from the first pres-
sure space 7 to the second pressure space 9.

Figure 6 illustrates a detail of a rock drill according to a sixth embodi-
ment. A rock drill 1 may comprise a fifth pressure channel 23 provided in the
frame 6 on an area between the first pressure space 7 and the second pressure
space 9. Such a fifth pressure channel 23 may be provided for one or several of
different purposes depending on the embodiment and depending on the structure
of the rock drill 1. In the embodiment of Figure 6, the fifth pressure channel 23 is
provided to prevent leakage flow from the second pressure space 9 to the first
pressure space 7 or vice versa, in other words in the opposite direction from the
first pressure space 7 to the second pressure space 9.

Figure 7 illustrates a detail of a rock drill 1 according to a seventh em-
bodiment. According to this embodiment, the flow of the pressure medium out-
wards from the first pressure space 7 may be throttled by a clearance between
the axial sleeve 5 and the frame 6 provided on an area between the first pressure

space 7 and the fifth pressure channel 23, in other words on an area towards the
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second pressure space 9 from the first pressure space 7. Thus, in such an em-
bodiment an external throttle, such as a first throttle 15, is not necessary. Other-
wise, the rock drill 1 and its structure and working principle may be similar to
any one of the preceding embodiments or a combination thereof, such as those of
the embodiments of Figure 1, Figure 4 and/or Figure 5, for example.

Figure 8 illustrates a detail of a rock drill according to an eighth em-
bodiment. The axial sleeve 5 may be provided with a second channel 22, which
second channel 22 connects the first pressure space 7 and the fifth pressure
channel 23 when the axial sleeve 5 has moved from the normal use position of the
axial sleeve 5 towards a direction opposite in relation to the shank 3, in other
words when the axial sleeve 5 has moved from the normal use position of the ax-
1al sleeve 5 away from the shank 3. The fifth pressure channel 23 may be con-
nected to a side of the axial sleeve 5 on an area between the first pressure space 7
and the second pressure space 9. Thereby, the pressure accumulator 14 can be
emptied quickly and the pressure in the first pressure space 7 may be decreased
quickly in such a situation, whereby the thrust of the axial sleeve 5 increases re-
turning the axial sleeve 5 back to its normal position in relation to the frame 6.

Figure 9 illustrates a detail of a rock drill according to a ninth em-
bodiment. In this embodiment, the fourth pressure channel 21 may be directly
connected to the first pressure space 7. Otherwise, the rock drill 1 and its struc-
ture and working principle may be similar to any one of the preceding embodi-
ments or a combination thereof, such as the embodiments of Figures 1 to Figure
8, for example.

According to an embodiment, the third pressure channel 16, the fourth

pressure channel 21 and/or the fifth pressure channel 23 may be connected to a
tank 20. In other words, the first pressure space 7 may be connected to a tank 20

through the first pressure channel 12, the third pressure channel 16, the fourth
pressure channel 21 and/or the fifth pressure channel 23. According to a further
embodiment, the first pressure space 7 may be connected through the first pres-
sure channel 12, the third pressure channel 16, the fourth pressure channel 21
and/or the fifth pressure channel 23 to a pressure lower than that of the external
pressure connected to the second pressure space 9 instead of or in addition to
being connected to the tank 20.

According to an embodiment, the flow of the pressure medium out-
wards from the first pressure space 7 is throttled by throttling the flow of the

pressure fluid from the first pressure space 7 to the tank 20 and/or the pressure
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lower than that of the external pressure connected to the second pressure space
9. As explained above, the throttling may be provided by a first throttle 15 pro-
vided in a fourth pressure channel 21 or by a clearance between the axial sleeve 5
and the frame 6. The throttled channel, which, depending on the embodiment,
5  may be the third pressure channel 16, the fourth pressure channel 21 and/or the
fifth pressure channel 23, may be connected to the first pressure space 7 directly
or indirectly via another channel, such as via the first pressure channel 12.
According to an embodiment there is no throttling or at least no sub-
stantial amount of throttling capable of affecting the operation of the rock drill 1,
10  between the first pressure space 7 and the pressure accumulator 14. In other
words, the connection between the first pressure space 7 and the pressure accu-
mulator is substantially not throttled. In other words, the pressure fluid is en-
abled to flow substantially in a substantially unthrottled manner from the first
pressure space 7 to the pressure accumulator 14 directly or through the first
15  pressure channel 12.
According to an embodiment, the rock drill 1 is a hydraulically driven
rock drill and the pressure medium comprises a hydraulic fluid.
It will be obvious to a person skilled in the art that, as the technology
advances, the inventive concept can be implemented in various ways. The inven-
20 tion and its embodiments are not limited to the examples described above but

may vary within the scope of the claims.
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CLAIMS

[

1. A rock drill comprising;:

a frame;
a percussion member for generating impact pulses;

an axial shank provided on a front side of the percussion member in the

direction of the impact and comprising an impact surface for receiving said

impact pulses;

an axial sleeve provided within the frame and comprising a first pressure
surface facing towards the shank provided in a first pressure space and a second
pressure surface facing away from the shank provided in a second pressure space,
wherein the first pressure space is provided in an axial direction on a side of the
shank in relation to the axial sleeve and the second pressure space 1s provided in
an axial direction on a side of the axial sleeve opposite to that of the shank, and
wherein pressure medium fed to said pressure spaces is arrangeable to act on the
first pressure surface or on the second pressure surface for moving the axial
sleeve in the axial direction, and a first channel provided in the axial sleeve,
which first channel provides a connection between the first pressure space and the

second pressure space in at least one position of the axial sleeve in the frame; and

a second pressure channel connected to the second pressure space, which

second pressure channel is connectable to external pressure;

wherein a pressure accumulator is connected to the first pressure space
and that flow of the pressure medium outwards from the first pressurc space is

throttled by throttling the flow of the pressure medium from the first pressure

space to a tank or the pressure lower than that of the external pressure connected

to the second pressure space.

2. A rock drill according to claim 1, wherein the rock drill further comprises
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a first pressure channel extending between the first pressure space and the
pressure accumulator, and a fourth pressure channel connected to the first pressure space

and provided with a first throttle for throttling the flow of the pressure medium outwards

from the first pressure space.

3. A rock drill according to claim 1 or 2, wherein the area of the second pressure surface 1S

smaller in size than the area of the first pressure surface.

4, A rock drill according to any one of claims 1 to 3, wherein the flow of the pressure
medium outwards from the first pressure space is throttled by dimensioning a clearance between

the axial sleeve and the frame to throttle the leakage flow between the axial sleeve and the frame.

5. A rock drill according to claim 4, wherein on a second side of the axial sleeve to the
direction of the shank from the first pressure space there is connected a third pressure channel for

leakage flow taking place through the clearance between the axial sleeve and the frame.

0. A rock drill according to any one of claims 1 to 5, wherein a fifth pressure channel 1s

provided in the frame on an area between the first pressure space and the second pressure space.

7. A rock drill according to claim 6, wherein the fifth pressure channel is provided to

prevent leakage flow from the second pressure space to the first pressure space and vice versa.

8. A rock drill according to any one of claims 1 to 7, wherein a seal is provided on an area

between the first pressure space and the second pressure space to prevent leakage tlow from the

second pressure space to the first pressure space and vice versa.

9. A rock drill according to any one of claims 1 to 8, wherein a second throttle is provided

in the second pressure channel.

10. A rock drill according to claim 9, wherein a non-return valve is provided in the second

pressure channel connected and in parallel with said second throttle, such that the non-return

valve enables flow of the pressure medium in to the second pressure space but not outwards from

the second pressure space, whereby flow of the pressure medium outwards from the second

pressure space can only take place through the second throttle.
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1. A rock drill according to any one of claims 6 to 10, wherein the axial sleeve is provided
with a second channel, which second channel connects the first pressure space and the fifth
pressure channel when the axial sleeve has moved from the normal use position of the axial
sleeve towards a direction opposite in relation to the shank, wherein the fifth pressure channel is

connected to a third side of the axial sleeve on an area between the first pressure space and the

second pressure space.

12. A rock drill according to any one of claims 1 to 11, wherein the first pressure space 1s

connected to a tank through the first pressure channel, the third pressure channel, the fourth

pressure channel or the fifth pressure channel.
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