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(54) Title: METHOD FOR CONTROLLING ROCK DRILLING

FIG. 1

(57) Abstract: A method for controlling rock drilling with a percussion device (7) belonging to a rock drill (1 ) to deliver impact
pulses to rock through a tool (9) by pushing the tool against the rock by means of a feed device (3) and rotating simultaneously the
tool by means of a rotation motor, whereby the maximum feed force is determined, pressure medium is fed to the feed device (3)
and to the rotation motor and the feed force is controlled according to the drilling conditions. The feed force is controlled by using
the feed speed as a first control parameter and the rotation torque as a second control parameter so that the feed force is controlled
inversely proportionally to the feed speed and inversely proportionally to the rotation torque and the feed force is controlled using
both the first and the second control parameter simultaneously.
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METHOD FOR CONTROLLING ROCK DRILLING

BACKGROUND OF THE INVENTION

The invention relates to a method for controlling rock drilling

wherein a percussion device belonging to a rock drill machine de-
livers impact pulses to rock through a tool; wherein the rock drill machine is
simultaneously pushed against the rock by means of a feed actuator, and the
tool is simultaneously rotated by means of a rotation motor;

the method comprising:

determining the maximum feed force;

feeding a pressure medium to the feed actuator along at least one
feed channel;

feeding the pressure medium to the rotation motor along at least
one rotation motor pressure channel; and

controlling the feed force according to the drilling conditions.

When holes are drilled into rock, the drilling conditions may vary in
several ways. The rock may include voids and cracks, and rock layers having
different hardness, which is why drilling parameters should be adjusted accord-
ing to the drilling conditions.

Conventionally, an operator controls the operation of a rock drill ma-
chine on the basis of his or her personal experience. The operator sets certain
drilling parameters on the basis of the presumed rock characteristics. During
drilling, the operator checks the rotation and monitors the progress of the drill-
ing. When necessary, he changes the feed force and/or the percussion power
of the percussion device to suit a particular type of rock, thus trying to achieve
a fast but still smooth drilling process. In practice, the operator is able to adjust
one only drilling parameter and control its influence on the drilling process in
several seconds or tens of seconds. When the quality of rock or the drilling
characteristics thereof changes rapidly, even a qualified operator cannot adapt
the drilling parameters quickly enough to suit the rock. It is thus obvious that
the operator cannot ensure a good tool life if drilling conditions vary rapidly.
Furthermore, it is practically impossible even for a qualified operator to monitor
and control the operation of the rock drilling machine during an entire working
shift such that the drilling progresses efficiently at every moment, simultane-
ously taking into account the stresses the tool is subjected to.
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2
BRIEF DESCRIPTION OF THE INVENTION

An object of the invention is to provide a novel and improved
method for controlling rock drilling.

The method of the invention is characterized by using the feed
speed for controlling the feed force as a first control parameter for controlling
the feed force;

controlling the feed force inversely proportionally to the feed speed;

using the rotation torque as a second control parameter for control-
ling the feed force;

controlling the feed force inversely proportionally to the rotation
torque; and

controlling the feed force simultaneously using both the first and the
second control parameter such that the control of the feed force is proportional
to the combined control of both control parameters.

The idea underlying the invention is that a maximum feed force is
first determined and set to the drilling control. The maximum feed force is in
practice determined by setting the maximum pressure of the pressure fluid,
which affects the feed cylinder. According to one embodiment of the invention
the maximum feed force is affecting only, when the feed speed is zero. Accord-
ing to the idea of this invention the value of the feed speed is used to decrease
the feed force, when the feed speed increases. Further according to the idea of
the invention the rotation torque is used to control the feed force so that the
feed force is decreased when the rotation torque is increased. As a summary
the feed force is controlled simultaneously using both the feed speed and the
rotation torque such that the control of the feed force is inversely relative to the
combined effect of both the feed speed and the rotation torque. Correspond-
ingly the feed force is increased when the feed speed and/or the rotation
torque is decreased.

An advantage of the invention is that changes in the drilling condi-
tions can be sensed and used in controlling the drilling effectively and auto-
matically.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described in closer detail in the accompanying
drawings, in which:

Figure 1 is a schematic side view showing a rock-drilling unit,
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Figures 2 is a schematically presented hydraulic diagrams accord-
ing to the invention,

Figure 3 is a schematically presented electrically controlled hydrau-
lic diagrams according to the invention, and

Figure 4 is a schematic and sectional view showing the principle of
the control method and

Figure 5 is a schematic diagram presenting still another embodi-
ment of the invention.

For the sake of clarity, the figures show the invention in a simplified
manner. Same reference numerals identify similar elements.

DETAILED DESCRIPTION OF THE INVENTION

The rock-drilling unit shown in Figure 1 comprises a rock drill ma-
chine 1 arranged on a feed beam 2. The rock drill machine 1 can be moved in
the longitudinal direction of the feed beam 2 by means of a feed device 3. The
feed actuator 3 is arranged to affect the rock drill machine 1 through a power
transmission element, such as a chain or a wire. The feed actuator 3 may be a
pressure medium cylinder or a pressure medium motor operated by pressure
fluid in a manner known as such. The rock drill machine 1 and a tool 9 con-
nected thereto are pressed against rock 10 by using a feed force of a desired
magnitude. The feed beam 2 may be movably arranged at a free end of a drill-
ing boom 6 belonging to the rock drilling apparatus. The rock drill machine 1
comprises at least a percussion device 7 and a rotating device 8. The percus-
sion device is used for generating impact pulses to the tool 9 connected to the
rock drill machine 1, the tool delivering the impact pulses to the rock 10. An
outermost end of the tool 9 is provided with a drill bit 11, the bits therein pene-
trating the rock 10 due to the impact pulses, causing the rock 10 to break. Fur-
thermore, the tool 9 is rotated with respect to its longitudinal axis, which en-
ables the bits in the drill bit 11 always to be struck at a new point in the rock
10. The tool 9 is rotated by means of the rotating device 8, which may be e.g. a
pressure medium operated device or an electric device. The tool 9 may com-
prise several drill rods 12 arranged on each other consecutively. Screw joints
may be provided between the drill rods 12. In the solution of the invention, the
percussion device 7 is a hydraulically operated. The percussion device 7 may
comprise a percussion piston, which is moved to and fro by means of a pres-
sure medium and which is arranged to strike upon a tool or a shank adapter
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arranged between a tool and a percussion piston. Of course, the invention may
also be applied in connection with pressure medium operated percussion de-
vices 7 wherein impact pulses are generated in a manner other than by means
of a percussion piston moved to and fro.

Figure 2 shows a schematic presentation of this invention. A hy-
draulic circuit comprises a pump 20 pumping pressure fluid from reservoir 15
and for generating the necessary pressure and flow for the pressure medium.
When necessary, the number of pumps 20 may be larger. Furthermore, the
pump 20 may be a fixed displacement pump or a variable displacement pump.
A pressure medium is conveyed from the pump 20 via a proportional feed con-
trol valve 21 to the feed device 3 which is connected to the rock drill 1 for feed-
ing it forward during drilling and retracting it when necessary. Further the pres-
sure medium is conveyed from the pump 20 via a rotation control valve 22 to a
rotation device 8 for rotating tool 9 during drilling.

The hydraulic circuit of a feed cylinder can be connected as pre-
sented in the figure. Also it is possible to use a solution, in which the pressure
fluid from the piston rod 3b side of the feed cylinder 3 is fed to the other side of
the piston 3a when the piston 3a is pushed towards the piston rod 3b side of
the feed cylinder 3. This kind of connection is commonly known as a differen-
tial connection.

The pressure channel 23 via which in the pressure medium is con-
veyed to the rotation device during drilling is connected via a control channel
24 to control the proportional feed control valve 21.

The spool of the proportional feed control valve 21 through which
the pressure fluid flows to the feed device 3 and away from the other side of
the piston 3a of the feed device 3 restricts the amount of the pressure medium
flow with restrictors 25 and 26. The amount of restriction can be controlled by
changing the spool position in relation to valve inlet and outlet channels. Thus
the guiding edges of the spool control the flow. Restrictors 25 and 26 can be
separate restrictors located into the valve 21. Alternately restrictors 25 and 26
can be created with the construction of the spool and the body of the valve 21.

When starting drilling the spool of the valve 21 is set to a position in
which pressure fluid flows from pump 20 to channel 27. The pressure p4 in
channel 27 via which the pressure medium is conveyed to the feed device 3 for
feeding rock drill 1 forward is set to a predetermined value, which defines the
maximum feed force. The feed speed is dependent on the liquid volume flow to
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the feed device 3. If the drilling resistance is small the feed speed increases.
Since the pressure medium flow increases through the proportional feed con-
trol valve 21 the pressure drop over the valve spool increases as a result of the
flow increase through restrictor 25. As a result the pressure difference between
the feed channel 27 and channel 28 via which pressure medium is removed
from the feed device decreases and the feed force acting to the rock drill de-
creases correspondingly since the feed force is a result of the pressure acting
on piston 3a. In case of soft material or broken stone or when drilling down-
wards and the weight of drill rods is big the feed may start rushing forward.
This is, however, limited with the restrictor 26 in channel 28, which cause lim-
ited feed speed and also pressure decrease with increased fluid flow and thus
decreases the feed speed and force. In case of drilling downwards and when
the weight of drill rods is big you have to hold the mass of rods avoiding too
high feed force.

Simultaneously the rotation torque, which is expressed as a pres-
sure in the rotation device in channel 23 is used to control the feed control
valve 21 if the rotation resistance increases, and thus the rotation pressure in
channel 23 increases correspondingly in relation to the torque. This pressure
affects the feed control valve 21 to restrict the flow of the pressure medium to
feed device 3 and decrease the pressure in relation to the increase of the rota-
tion pressure. Thus both feed speed and the rotation torque control the feed
force in relation to their values. Correspondingly, if the feed speed decreases
because of higher resistance the flow of the pressure medium decreases and
the pressure acting the piston of the feed device increases thus increases the
feed force. Again if the rotation resistance decreases the pressure acting the
feed control valve 21 decreases and the restriction of the feed control valve 21
decreases thus raising the pressure in channel 27 and thus the feed force of
the feed device.

Fig 2 also shows two valves 3b in channels 27 and 28. These are
counterbalance valves, which close the channels tightly, when there is no fluid
pressure in the channels. Thus the load formed by the rock drill and the tool
cannot slide relative to the feed beam. Normal control valves are not so leak-
proof that they could stop the movement and therefore especially for this pur-
pose designed valves are needed. There may be two counterbalance valves
one in each channel or only one in one channel, if the drilling direction remains
substantially similar either upwards or downwards. Normally these counterbal-
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ance valves are assembled to the feed device in order to avoid problems in
hose breaks.

Fig. 3 shows schematically another embodiment of the invention
with an electric control of the feed force. In this embodiment there is a control
unit 30 controlling the drilling. The feed speed is sensed with the speed sensor
31, which is located to the feed device 3. The feed speed can be measured
directly with a speed sensor or indirectly by measuring the liquid flow to the
feed motor or cylinder, measuring the pressure drops in the feed liquid channel
over a restrictor or any as such known method.

Further feed pressure is sensed in channel 27 with a pressure sen-
sor 32. Also the rotation torque is measured in the rotation pressure medium
channel 23 with a sensor 33. Since the spool of the feed control valve 21 can
restrict the flow, the pressure of the return flow channel 28 must also be meas-
ured by sensor 34. Every sensor is connected to the control unit 30, which con-
trols then the feed control valve electrically on the basis of the sensed values.
The control wires or cables have been marked commonly with 35.

In this embodiment the control unit 30 senses the torque, feed
speed and the feed force as a pressure difference between channels 27 and
28 and controls the feed control valve on the basis of the measured values.
The controlling principle is the same as in the hydraulic solution in fig. 2. The
control unit 30 controls the feed control valve 21 so that it restricts the flow of
the pressure fluid and thus controlling the feed force relative to the measured
feed speed and the rotation torque.

Fig. 4 shows schematically the control method described as a con-
trol surface in which feed force, rotation pressure and feed speed have been
described as a three-dimensional figure. As it can be seen from the figure the
feed force is at its maximum value when the feed speed is zero. Irrespective of
the rotation torque the feed force still remains at its highest value as long as
the feed speed is zero in this example. It is also possible to set the control so
that the feed force remains in its highest value even until the feed speed ex-
ceeds a predetermined value and to start using the control only after this.
When the feed starts the feed speed increases and the feed force starts de-
creasing. Depending on the rotation torque value the feed force follows some
of the curves in relation to the feed speed and the rotation torque. If the rota-
tion torque is zero the feed speed and the feed force follows curve A in this
example. It may be preset to operate also so that the control starts when the
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rotation torque exceeds a predetermined value different from zero. If the rota-
tion torque is at its maximum, in the fig in torque value 1,5, the feed force fol-
lows curve B in relation to feed speed. In practice the feed speed and rotation
torque are somewhere between their extreme values and the feed force in re-
lation to the feed speed and the rotation torque is somewhere between the
curves A and B.

Fig. 5 discloses another embodiment of the invention. In this em-
bodiment the control is implemented in connection with a load control valve 36.
The load control valve 36 is normally automatically closed and will be opened
only with a control signal. When control signal disappears the load control
valve 36 closes the pressure fluid channel 28 of the feed device 3 which thus
cannot move. In this embodiment however the load control valve 36 is used as
a part of the feed force control. In this embodiment the load control valve is
designed to operate also as a counterbalance valve. Thus without a control
signal it prevents the load formed from the rock drill and the tool moving rela-
tive to the feed beam.

In this solution the feed pressures in channels 27 and 28 to the feed
device 3 are measured similarly as in the embodiment of fig. 3. The feed speed
and/or the feed position are measured with sensor 31, which is a position sen-
sor or a speed sensor or both. The feed speed can be calculated on the basis
of measured positions during the measuring time. Correspondingly the rotation
torque is measured in the pressure line of the rotation motor 8 with sensor 33
as in fig. 3.

The measured values are fed to the control unit 30, which on the
basis of these values controls the pressure control valve 37 and via that the
pressure compensator 39 and the load control valve 36. The control unit is
connected to the feed pressure control valve 37, which is electrically con-
trolled. The feed pressure control valve 37 controls the pressure compensator
39, which controls the pressure in channel 27. In addition the pressure control
valve 37 controls the load control valve 36. It is also possible to have separate
pressure control valve to control load control valve 36. The normal feed speed
is preset to a value, below which the feed speed normally is.

If the feed speed exceeds that preset value the control unit 30 con-
trols the feed pressure control valve 37 so that it starts decreasing pressure in
channel 27 via the pressure compensator 39 by controlling the pressure in
channel 38.
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Alternately the control unit 30 controls the feed pressure control
valve 37 to restrict the flow from the feed device via the load control valve 36
thus increasing the pressure loss.

The operating order of the pressure compensator 39 and the load
control valve 36 can be selected by presetting their operating pressure thresh-
old values suitably different.

The control can be done so that either of the valves is controlled first
and the other one it taken into use thereafter Also the control can be done by
controlling both the pressure compensator 39 and the load control valve 36 all
the time simultaneously.

As a result the pressure over the feed device 3 and thus the feed
force is decreased.

Correspondingly, if sensor 33 measures an increase in torque of the
rotation, the control unit 30 controls the feed pressure control valve 37 and via
it the load control valve 36 to restrict the flow from the feed device thus in-
creasing the pressure loss or controls the pressure compensator 39 for control-
ling the pressure or both.

In this embodiment feed control valve 21 is normal proportional
valve which is also controlled by the control unit 30 either directly electrically as
shown in fig. 3 or as shown in fig. 5 hydraulically by using electrically controlled
pilot valves 40 and 41 between the control unit 30 and feed control valve 21.
Valve 21 may restrict the maximum inlet flow to feed device 3 and controls the
reverse feed of the system.

The invention has been described in the specification only sche-
matically. In practice it can be implemented in many different practical ways
and thus the protection area is defined by the claims of the application.

The drawings and the related description are only intended to illus-
trate the idea of the invention. In its details, the invention may vary within the
scope of the claims.
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CLAIMS

1. A method for controlling rock drilling

wherein a percussion device belonging to a rock drill machine de-
livers impact pulses to rock through a tool; wherein the rock drill machine is
simultaneously pushed against the rock by means of a feed actuator, and the
tool is simultaneously rotated by means of a rotation motor;

the method comprising:

- determining the maximum feed force;

feeding a pressure medium to the feed actuator along at least one
feed channel;

feeding the pressure medium to the rotation motor along at least
one rotation motor pressure channel; and

controlling the feed force according to the drilling conditions,

characterized by

using the feed speed for controlling the feed force as a first control
parameter for controlling the feed force;

controlling the feed force inversely proportionally to the feed speed;

using the rotation torque as a second control parameter for control-
ling the feed force;

controlling the feed force inversely proportionally to the rotation
torque; and

controlling the feed force simultaneously using both the first and the
second control parameter such that the control of the feed force is proportional
to the combined control of both control parameters.

2. A method as claimed in claim 1, characterized by usingin
controlling first the first control parameter and using the second control pa-
rameter as a supplementary control parameter.

3. A method as claimed in claim 1, characterized by usingin
controlling first the second control parameter and using the first control pa-
rameter as a supplementary control parameter.

4. A method as claimed in claim 1, characterized by usingin
controlling both the first control parameter and the second control parameter
simultaneously all the time.
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