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Abstract of the disclosure

The invention relates to a mining vehicle and a method
of moving a boom of a mining vehicle. The boom 1is
provided with several boom joints and there is a mining
work device at a distal end of the boom. One or more
boom joint positions are determined and stored 1in a
memory medium. A control unit of the mining vehicle may
automatically move the boom to a predetermined transport

position.

(Figure 1)
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Mining vehicle and method of moving boom

Background of the invention

The invention relates to a mining vehicle, and
particularly to a system for moving a boom of the mining
vehicle.

The invention further relates to a method of moving
a boom of a mining vehicle and to a computer program for
executing control for moving the boom.

The field of the invention 1is defined more
specifically in the preambles of the independent claims.

In mines and other work sites, various mining
vehicles, 1.e. mobile mining machines, are used. The
mining vehicle is provided with a boom and a mining work
machine on the boom. The boom is moved during use between
different working positions. Controlling the boom 1is
typically a demanding and time consuming task, because the
boom structure is complex. The boom usually comprises
multiple boom actuators and joints the setting of which to
a desired position using manual controls is not always
intuitive. Furthermore, visibility of the operator to a
working site may be poor and available free space 1is
limited.

Brief description of the invention

An object of the invention 1s to provide a novel
and improved mining vehicle and a method for moving a boom
of the mining vehicle.

According to an aspect of the invention, there 1is
provided a mining vehicle comprising:

a movable carrier;

at least one boom comprising several boom joints;

several Dboom actuators for moving the boom in
different positions;

at least one mining work device arranged at a

distal portion of the boom;
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measuring means for determining the actual position
of the boom;

at least one control unit for controlling the
position of the boom according to measurement data
received from the measuring means and 1input control data;
wherein

at least one position of the boom is predetermined;
and

the control unit is configured to move the at least
one boom to the predetermined position in response to a
received control command,

wherein a transport position relative to the mining
vehicle is pre-defined for the boom, and

the control unit is arranged to employ stored data
on the transport position of the boom and automatically
move the boom from any current position to the defined
transport position.

According to an aspect of the invention, there is
provided a method for moving a boom of a mining wvehicle,
the method comprising:

controlling moving of the boom by means of at least
one control unit comprising a processor;

measuring an actual position of the boom by means
of measuring means;

determining actual position data of the boom in the
processor of the control unit on the basis of measuring
data; and

controlling, by means of the control unit, boom
actuators of the boom for moving joints of the boom to new
positions according to the actual position data and the
input control data; and

moving the boom to a predetermined position under
automatic control of the control unit, wherein a transport
position relative to the mining vehicle is pre-defined for

the boom, and stored data on the transport position of the
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boom is employed and the boom is automatically moved from
any current position to the defined transport position.

An advantage of the disclosed solution is that work
of the operator becomes easier and less demanding. The
boom can be moved to the transport position accurately and
also boom collisions can be avoided.

According to an embodiment, one or more

predetermined positions of the boom Jjoints are defined and
executed relative to the rock drilling rig. Thereby the
predetermined positions are not according to a drilling
plan, for example.
According to an embodiment, one or more target positions
of the boom are taught for the boom control system. The
boom can be moved under manual control 1n a desired
position and the position can be stored in a memory
medium. It is possible to store the current position of
one single boom Jjoint, positions of several selected boom
joints or all joints of the boom. The teaching process 1is
rather simple to implement. Another benefit 1is that the
teaching process 1s visual whereby the operator has a
general view of the situation. For executing this
embodiment a mining vehicle comprises means for teaching
one or more boom Jjoint positions and means for storing the
taught positions. Further, a control unit of the mining
vehicle may be arranged to assist the teaching and storing
processes.

According to an embodiment, one or more target
positions of the boom are input for the boom control

system. It 1is possible to feed position data by means of
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an 1nput device, such as a keypad or touch screen.
Alternatively, the position data can be retrieved from a
memory device, or it can be transmitted to the control
unit from an external control unit or server.

According to an embodiment, at least one position
of the mining work device is predetermined and positions
of boom Jjoints realizing the position are stored in a
memory medium. The control unit may read the stored data
on the boom Jjoints and on the Dbasis of that data
automatically move the mining work device to the
predetermined position.

According to an embodiment, the mining vehicle is a
rock drilling rig comprising at least one drilling boom
and a drilling unit at the distal end of the drilling
boom. The drilling unit comprises an elongated feed beam
and a drilling machine supported on the feed Dbeam
longitudinally movably. One or more pre-determined
positions are defined for the drilling boom joints.

According to an embodiment, the control unit is
provided with one or more boom moving sequences for
controlling the boom so as to move the mining work device
and boom parts via one or more predetermined intermediate
positions to a target position. The boom can be positioned
at successive pre-determined positions. This way, the boom
may be moved through a collision-free path towards the
target position. The movement path 1s not always the
shortest one, but collision against a control cabin, a
carrier, other booms or parts of the mining vehicle, and
the ground can Dbe avoided. Moreover, hydraulic hoses,
electric cables and sensors may require that the boom has
to be moved according to predetermined steps in order to
avoid them to be damaged.

According to an embodiment, an inverse teaching
process 1is employed when defining a moving sequence for
the boom control system. In case a boom moving sequence is

needed for moving the boom 1in a certain way and via
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specific positions to a target ©position, an inverse
teaching can be employed. At first the boom is moved to
the desired target position, the position is stored in the
memory, and thereafter the boom is moved under manual
control to one or more intermediate positions, which are
stored. The created moving sequence 1is stored. When the
sequence 1is run, the boom 1is moved from 1its current
position via the defined intermediate positions to the
defined target position.

According to an embodiment, the carrier is
provided with one or more transport supports for the boom.
The transport support is a physical support element
against which the boom or the mining work device can be
placed, when the carrier 1is moved. When the boom rests on
the transport support, center of mass of the boom system
is lower as compared to the normal operational position.
This way, stability of the mining vehicle 1is improved for
the transport drive.

According to an embodiment, the transport position
may be without any physical transport support. The
transport position may be designed so that, the center of
mass of the boom system is at a low level and that the
boom system needs less space than in the normal operation.
This way, stability and handling characteristics of the
mining vehicle are improved for the transport drive. An
additional advantage is that, since the boom can be moved
automatically and rather fast to the transport position
under the control of the control unit, temptations of the
operator to drive the mining vehicle without moving the
boom to the transport position can be avoided. The control
unit may prevent the driving of the carrier, or the
driving speed may be limited in response to detecting that
the boom is not driven to the transport position. Further,
the control unit may give an alarm if the carrier 1is
driven for the duration of a set time or distance limit

without placing the boom into the transport position.
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According to an embodiment, the transport position
is taught for the boom control system. In the teaching
process the boom may be first moved manually to the
desired transport position where the boom 1is against a
transport support, for example. The position of the boom
and the boom Jjoints are then stored. If desired, an
inverse teaching process may be employed when defining a
transport moving sequence for the boom control system.

According to an embodiment, a taught position is
deleted automatically from a memory medium in response to
a predetermined action, such as shutting down the device,
or completing a certain operating stage or cycle. This
feature ensures that old taught positions do not cause
problems for the control. Thereby updating of the desired
positions 1s secured.

According to an embodiment, a calibration procedure
for the measuring means of the boom is carried out when
the boom 1is 1in the transport position and supported
against at 1least one transport support. When the Dboom
rests against the transport support the position of the
boom is accurate and stabile, whereby calibration is easy
to execute.

According to an embodiment, the predetermined
positions of the boom Jjoints are stored as measuring
values in a memory medium. The predetermined positions can
be taught for the boom control system by moving the boom
manually and gathering the measuring values from sensors,
measuring devices and corresponding measuring means. When
moving the boom to the predetermined position, the boom
control system uses the stored measuring values. An
advantage of the use of the stored measuring values 1is
that possible calibration inaccuracies of the measuring
means do not affect the actual positioning accuracy of the
boom. That 1is Dbecause the wvalues are gathered and
reproduced by the same measuring means. It is a question

of relative accuracy and not absolute accuracy.
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According to an embodiment, one or more
intermediate positions are determined for the boom between
the operating position and a ©pre-determined target
position. Position data of the intermediate positions may
be stored in a memory device and the control unit may read
the stored data on the target position and one or more
intermediate positions of the boom and automatically move
the boom from the operating position to the target
position wvia the defined intermediate ©positions. The
intermediate positions are determined so that the boom
system and the mining work device on the boom do not
collide with any other parts of the mining vehicle or the
ground. There may also Dbe operational and measuring
technical reasons for utilizing the intermediate positions
and a moving sequence.

According to an embodiment, one or more
intermediate positions are determined for the boom between
the operating position and a pre-determined transport
position. Position data on the intermediate positions may
be stored in a memory device and the control unit may read
the stored data on the transport position and one or more
intermediate positions of the boom and automatically move
the Dboom from the operating position to the transport
position via the defined intermediate positions.

According to an embodiment, the boom can be driven
automatically to a predetermined neutral position. The
neutral position may be defined by a teaching process or
an input device. The boom has a range and a predetermined
neutral position therein. The neutral position may be a
geometrical center position, or alternatively a position
substantially in the center of the working area of the
boom, such that the working area can Dbe easily and
comprehensively exploited. The neutral position may also
include pre-alignment of the boom and feed according to
the direction of the holes to be drilled. Further, the

neutral position may include pre-alignment of the boom and
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feed to compensate for alignment errors resulting from
driving the feed into support against the ground. The
control unit may automatically move the boom to the
neutral position. The automatic control may be initiated
by a control command of the operator. For example, when
the boom is in the geometrical center position, the boom
reach is well exploitable. Such starting position of the
boom may be called initial position also. This feature of
predetermined neutral or initial ©position expedites
positioning of the boom at the work site.

According to an embodiment, the mining work device
is provided with one or more inclinometers for measuring
orientation with respect to gravity. It 1is rather simple
to fasten the inclinometer to a side surface of a feed
beam, for example. The mining work device, such as a rock
drilling unit, may have a substantially vertical
operational position and a substantially horizontal
transport position. The control unit receives measuring
data from the inclinometer and utilizes the measuring data
when moving the boom. The control unit may also utilize
the measuring data when moving the boom to the transport
position, whereby at least lateral swing and forward-
backward tilt of the mining work device are determined.
The control unit may be arranged to move at least a boom
joint affecting the lateral swing to a predetermined
transport position and to keep the swing joint unchanged
when moving the boom to the transport position. Thus, the
predetermined position of the swing Jjoint is one
intermediate position through which the boom 1s moved
towards the transport position. The swing joint is moved
to its predetermined position when the mining work device
is still in a vertical position and measuring with the
inclinometer is possible. After the mining work device is
turned to a horizontal ©position, measuring with the
inclinometer 1is no longer possible. The use of the

disclosed procedure eliminates the need for any additional
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sensors and instrumentation. Let it be mentioned that the
tilt joint of the boom can be driven against a physical
transport support in the transport position, whereby there
is no need for accurate positioning measurements in the
tilt direction, when moving the boom to the transport
position. In addition to inclinometers, sensors of some
other type may also have limited operational ranges, which
can be taken 1into account 1in the control unit when
determining moving sequences of the boom.

According to an embodiment, the mining work device
is provided with one or more sensors or measuring devices
having an operating range, wherein measuring can be
executed accurately. The control unit takes into account
the operating ranges of the sensors and controls the boom
via at least one intermediate position to a target
position. In the intermediate position the control unit
moves at least one boom Jjoint to a predefined position
that 1s needed in the target position. The preadjusted
joint 1is kept unchanged when moving the boom from the
intermediate position towards the target position. The
moving sequence of the boom joints is thus affected by the
operating ranges of the sensors and measuring devices.

According to an embodiment, the control unit starts
a movement procedure towards a predetermined position
after receiving a control command from the operator. The
control unit may require that an additional
acknowledgement from the operator is received before
beginning the movement procedure. The manual control
commands may be executed by pressing bush buttons or
corresponding physical command means in a control unit, or
by using a pointing device in a display unit, for example.
This embodiment presents a very simple procedure for
initiating the movement procedure.

According to an embodiment, the control unit may
monitor control commands input by the operator and notes

when the boom 1s moved towards a direction that is
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exceptional and does not belong to the current planned
operation procedure. The control unit detects such
diverging movements of the boom and considers them as a
need to start moving the boom to a transport position or
any other predetermined position. The control unit may
automatically start the transport movement procedure or
alternatively it may begin the procedure after receiving
an acknowledgement from the operator. By this feature the
operation can be further automated and expedited.

According to an embodiment, the control unit
monitors movements of a control device and detects when
the control device is moved to a pre-determined extreme
position. The control unit recognizes the extreme position
of the control device and interprets 1t as a request for
starting to move the boom from the operational position to
a predetermined position, or vice versa. The predetermined
position may be a transport position.

According to an embodiment, the predetermined
position is defined for the installation of a support tube
that may be inserted at least partly inside an opening of
the drill hole. After <collaring the drill hole the
drilling may be interrupted and a drilling unit may be
moved away from the drill opening to an installation
position for the duration of installing the support tube.
The support tube prevents loose soil dropping inside the
drill hole. After the support tube has been installed the
drilling unit is positioned back to the drilling position
and the drilling continues through the support tube. The
installation position and the collaring position can be
determined as predefined positions and boom Jjoint
positions can be stored for these predetermined positions.
When executing the disclosed installation procedure the
boom can be moved automatically to the installation
position and back to the drilling position.

According to an embodiment, at least one

predetermined position is defined for inspecting collaring
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of a drill  Thole. In this embodiment drilling is
interrupted after collaring cycle or the collaring cycle
is interrupted for ensuring that the drill hole has a
proper start. A drilling unit is moved away from the drill
hole start point for the duration of the inspection. Same
principle may be utilized when there 1s need to inspect
condition of a drill bit or any other drilling equipment.
The inspecting position and/or the drilling position can
be determined as predefined positions and boom Jjoint
positions can be stored for these predetermined positions.
When executing the disclosed inspecting procedure the boom
can be moved automatically to the inspecting position and
back to the drilling position.

According to an embodiment, at least one
predetermined position is defined for changing a drill
bit. A rock drilling rig may comprise a changing device
for changing drill bits. A Dboom can be moved to a
predetermined change position so that the drill bit can be
reached Dby the changing device and the changing can be
executed. In addition to drill bits also other drilling
equipment, such as drill rods, can be changed by means of
a suitable changing device. Then there is a need for a
predetermined change position too. Further, the rig may be
provided with a tool-grinding device for servicing the
drill bits. The boom can be moved to a predetermined bit
servicing position where the bit is at the tool-grinding
device. The original drilling ©position, the change
position and the bit servicing position can be determined
as predefined positions and boom Jjoint positions can be
stored for these predetermined positions. When executing
the disclosed procedures the boom can be moved
automatically to the predetermined positions.

According to an embodiment, at least one
predetermined boom position is defined for adding,
inspecting and/or servicing the boom, a drilling unit, a

bolting unit, a rod magazine or any other mine work unit,
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an auxiliary device or an actuator arranged on the boom.
There may be several device related service positions
predefined so that position on the boom and service
operation of the observed device has been taken into
account. The service positions can be determined as
predefined positions and boom Jjoint positions can be
stored for these predetermined positions. When executing
the disclosed procedures the boom can be moved
automatically to the predetermined positions.

According to an embodiment, the control unit is
configured to process position data as coordinates in a
coordinate system of the mining vehicle.

According to an embodiment, the control unit is
configured to process position data as coordinates in a
coordinate system which is external to the mining vehicle.

According to an embodiment, the control unit is
configured to process position data as coordinates in a
global coordinate system.

According to an embodiment, the control unit is
configured to process position data as boom joint values.

According to an embodiment, the control system
includes a collision avoidance system for ensuring that
the boom or the mining work device on the boom does not
hit the ground, a control cabin, the carrier or any
physical obstacle belonging to the mining vehicle.
Dimensions and kinematics of the mining vehicle can be
determined for the control wunit and measuring data
concerning the position of the Dboom can be fed from
measuring sensors or devices to the control unit. The
control unit may determine the position of the boom and
the mining work device and may compare the positions to
the obstacle data. The control unit may control the
movements of the boom Jjoints taking into account the
collision analysis. The control unit may move the boom
joints in such an order that the boom parts and the mining

work device pass the known obstacles. Thus the boom may
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have one or more intermediate positions through which it
is moved to the desired final position.

According to an embodiment, the control unit is
arranged to monitor a transfer drive of the mining vehicle
and to indicate to the operator if the boom is not in a
transport position when the carrier is moved.
Alternatively, the control unit may prevent the transfer
drive until the boom 1s moved to the transport position.
The control unit may be provided with a speed 1limit,
whereby the carrier can be moved on the work site at a
slow speed. Further, the control unit may take into
account evenness of a driving surface and effect of the
surface to on the stability of the vehicle. These features
improve safety of the mining vehicle, since overturning of
the mining vehicle can be prevented.

According to an embodiment, the disclosed boom
control system and procedure 1s 1intended for a surface
drilling rig which 1s designed for above ground drilling
in opencast mines and other working sites, such as in road
building, construction and other corresponding work sites.

According to an embodiment, the disclosed boom
control system and procedure is intended for an
underground drilling rig which is designed for drilling in
underground production mines, tunnel work sites and when
creating different rock cavities and storage halls.

According to an embodiment, the disclosed boom
control system and procedure 1s intended for a bolting
vehicle, which is provided with one or more bolting booms
and a bolting unit in the bolting boom.

According to an embodiment, the disclosed boom
control system and procedure is intended for one of the
following vehicles: a measuring vehicle, a charging
vehicle, a concrete spraying vehicle, a scaling vehicle.

According to an embodiment, the disclosed automatic
boom control procedure is carried out by executing one or

more software or computer program designed for the
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purpose. The computer program comprises program code means
configured to execute the disclosed functions and steps
when being run on a computer.

According to an embodiment, at least some of the
above 1llustrated features are applied for moving or
returning the boom from the transport position, or another
predetermined position, to an operating position. Hence,
the return from a predetermined position may also be
automatized.

The above disclosed embodiments can be combined to
form suitable solutions provided with necessary features.

Let 1t be mentioned that in this patent application
the term “mining” is interpreted widely. The term mining
refers not only to conventional mines but also other work
sites where rock is drilled or processed in any other way.
Consequently, also road building, construction and other
work sites can be considered to be mining work sites.
Thereby a mining vehicle may refer to a vehicle used in

construction and contract sites also.

Brief description of the figures

Some embodiments are described in more detail in
the accompanying drawings, in which

Figure 1 1is a schematic side view showing a rock
drilling rig for surface working sites,

Figure 2 is a schematic side view showing a rock
drilling rig for underground working sites,

Figure 3 1is a schematic side view showing a boom
system of a rock drilling rig and degrees of freedom of
the boom system,

Figure 4 shows schematically and 1in direction V
swinging of the drilling unit in lateral direction,

Figure 5 shows schematically the rock drilling rig
of Figure 3 1in a situation where the boom is moved to a

transport position,
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Figure 6 illustrates a control block diagram of an
apparatus for controlling the boom,

Figure 7 1is a simplified chart showing a boom
control procedure in a general concept,

Figure 8 1is a schematic top view illustrating a
rock drilling rig and an arrangement for recognizing a
desire to start transport movement of the boom, and

Figure 9 1is a schematic top view illustrating a
rock drilling rig and an arrangement for moving a boom to
a central position in a boom range.

For the sake of clarity, the figures show some
embodiments of the disclosed solution 1in a simplified
manner. In the figures, 1like reference numerals identify

like elements.

Detailed description of some embodiments

Figure 1 shows a mining vehicle 1, in this case a
rock drilling rig. The mining vehicle 1 comprises a
movable carrier 2 that can be transport driven to a
working site 3. The mining vehicle 1 is provided with a
boom 4 or boom system which includes several boom Jjoints
5a - b5f whereby it has versatile movements. The boom
system 4 may have turning joints, such as 5a, 5b, 5d and
5e, and also 1linear Joints, such as b5c and b5f. The
disclosed boom system 4 has totally six degrees of
freedom. The boom 4 can be turned R in lateral direction
relative to a vertical axis 7 of the boom joint 5a. The
boom 4 can be lifted and lowered by turning R it relative
to a horizontal axis 8 of the boom joint 5b, and it can be
shortened and extended by moving 1t linearly L, for
example telescopically, 1in relation to a boom joint 5c.
Alternatively, the boom joint 5a may be a horizontal joint
for allowing moving the boom up and down, and the lateral
movement can be carried out by turning an upper body of
the carrier relative to the lower body. At a distal end of

the boom 4 there is a mining work device 9, in this case a
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rock drilling unit 10 comprising a feed beam 11 and a rock
drilling machine 12 supported to the feed beam 11. The
rock drilling machine 12 can be moved linearly L on the
feed beam 11 by means of a feed device 13. The rock
drilling unit 10 can be turned T in forward and backward
directions relative to a horizontal axis 14 of the boom
joint 5d. This boom movement is called tilting T. Further,
the boom can be turned S relative to a horizontal axis 15
of the boom Jjoint 5e. This boom movement 1is called
swinging S. The boom 4 can be moved by means of boom
actuators 16, some of which are shown in Figure 1. The
boom 4 can be moved by controlling the boom actuators 16
manually under control of the operator, or by utilizing
automated boom control capable of moving the boom 4, or at
least one boom joint 5a - 5f, in one or more predetermined
position relative to the carrier 2.

The boom 4 is also provided with one or more
sensors 17, measuring devices or other positioning
detection means for determining the position of the boom
system. The measuring means may be arranged on the boom or
they may locate on the carrier, for example. Measuring
data of the measuring means 17 is transmitted to a control
unit 18 of the mining vehicle 1. The control unit 18 may
determine the position of the boom 4 and may indicate it
to the operator, and may also take it into account in the
automatic boom control. The boom joint positions can be
calculated in the control unit too.

The mining vehicle 1 may also include a control
cabin 19 on the carrier 2. The control cabin 19 may be
provided with suitable control members for controlling the
operation of the boom 4 and the whole mining vehicle 1.
The control unit 18 may be placed inside the control cabin
19. Further, the mining vehicle may have one or more
transport supports 20, against which the boom 4 can be
moved Dbefore a transport drive of the carrier 2 1is

started. The transport support 20 may be a physical
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support piece, such as a rubber pad or it may be an
elongated support structure pointing upwards from the
carrier 2. As can be seen 1in Figure 1, the transport
support is arranged next to the control cabin 19. There is
little space on the carrier 2, whereby the boom has to be
moved to the transport position with accurate movement
control. Also, there is often a need to move the boom to
the transport position in a certain manner and following a
designed sequence of movements. Otherwise there is a risk
that the boom 4 or the drilling unit 10 collides the
control cabin 19, the carrier 2 or the ground.

Figure 2 shows another rock drilling rig 1, which
is suitable for drilling horizontal drill holes 21 to a
face of a tunnel or similar underground rock cavity. In
some cases, the drilling unit 10 can be turned transverse
to the tunnel for drilling blasting or reinforcing holes
to a ceiling and walls of the tunnel. The rock drilling
rig may 1include several booms, whereby it may have at
least one drilling boom with a drilling unit and one
bolting boom with a bolting unit. Furthermore, the mining
work device may also be a feed unit for feeding blasting
or soldering material into the drill holes 21. The boom 4
is provided with several boom Jjoints 5 and it can be
positioned in versatile manner in different positions. The
boom 4 can be controlled according to control principles
disclosed in this patent application. The underground
mining vehicle may also have predetermined transport
positions for the booms.

Figure 3 1illustrates in a simplified manner boom
movements of a mining vehicle 1. As can be noted, the boom
4 is slightly different to the one shown in Figure 1. For
the sake of clarity, Figure 3 discloses the mining vehicle
1 in a simplified manner. The boom 4 has six degrees of
freedom and comprises several boom Jjoints b5a - 5f. The
mining work device 9 may be provided with one or more

inclinometers 22 for determining its wvertical position.
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The inclinometer 22 can produce reliable measuring results
only when it 1s measuring vertical positions relative to
the gravity. This is a reason, in boom transport process,
for moving the mining work device to a vertical position
relative to a boom joint 5e. In Figure 4 it is illustrated
that swing S is set vertical. After this, the boom joint
5e is no longer adjusted when moving the boom 4 to the
transport position. The measuring result of the
inclinometer it utilized when it is still possible. Thanks
to this procedure, no additional Sensors and
instrumentation 1is needed. Let it be mentioned that, in
addition to vertical positions, also inclined positions
can be measured by means of inclinometers.

In Figure 5 the boom 4 is moved to its transport
position where it rests on the transport support 20. There
is no need to make accurate measuring with the
inclinometer 22 when controlling the tilt T movement
towards the transport support 20. In connection with other
boom joints there may be sensors other than inclinometers.
The boom 4 can be moved automatically to the wvertical
position relative to the swing joint 5e. There may be one
or more other predetermined positions where the boom can
be moved under control of the control unit.

Figure 6 shows a boom control system 23 comprising
one or more control units 18 and input means 24 for
feeding control data and commands to the control unit 18.
The input means may include a control device 25, such as a
joy-stick, and an input device 26, such as a keypad, by
means of which the operator 27 may communicate with the
control wunit 18. Further, the control unit 18 may read
data from one or more memory units 28 and also store data
therein. The control unit 18 may be provided with one or
more control strategies 29 including operating principles
and guidelines for the boom control. The control strategy
29 may include an algorithm for automatically controlling

the boom to one or more predetermined positions. Data
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concerning the predetermined positions may be stored in
the memory unit or media 28. Measuring data is transmitted
from different sensors 17, such as boom angle sensors and
linear sensors to the control unit 18. Measuring data of
an inclinometer 22 1is also transmitted to the control unit
18. The control unit 18 may be a computer equipped with an
appropriate processor capable of running a software
program including a control algorithm and also processing
measuring data for producing control information. On the
basis of measuring data, manual control commands and the
control strategy, the control unit 18 produces control
commands for boom actuators 16 allowing automated boom
control.

Figure 7 1is a simplified chart showing issues
relating to the disclosed boom control. The steps and
features presented in this figure are discussed above and
especially in section Brief description of the invention.

In Figure 8 there 1s 1illustrated a system for
monitoring movements of a boom 4 under manual control and
recognizing movements 29 that diverge from the normal
operation on a work site 3. When a drilling boom 4 is
moved under manual control clearly away from drill holes
21 to be drilled next, the contrcl unit 18 recognizes this
and interprets the diverging movement 29 as a desire to
move the boom 4 to a transport position. After this the
control unit 18 may move the boom 4 to a predetermined
position for the transport movement or 1t may execute a
moving sequence and move the boom automatically against a
transport support 20. Alternatively, the control unit may
monitor movements of a manual control device and recognize
situations where the control device is moved to an extreme
position or to a predefined position, and on the basis
thereof the control unit interprets the control action of
the operator as a desire to move the boom to the transport

position.
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Figure 9 1is a schematic top view illustrating a
rock drilling rig 1 and a boom range 30. The control unit
18 may be arranged to automatically move the boom 4 to a
central position 31 in a boom range 30. When in the
central position 31, the boom 4 reach 1s good and
operation is fast. The boom can be driven to the central
position 31 when the mining vehicle 1 1is positioned to a
work site 3, for example.

The drawings and the related description are only
intended to 1illustrate the idea of the invention. The
details of the invention may vary within the scope of the
claims.

In the claims which follow and in the preceding
description of the invention, except where the context
requires otherwise due to express language oOr necessary
implication, the word “comprise” or variations such as
“comprises” or “comprising” 1is used in an inclusive sense,
i.e. to specify the presence of the stated features but
not to preclude the presence or addition of further
features in various embodiments of the invention.

It is to be understood that, 1if any prior art
publication is referred to herein, such reference does not
constitute an admission that the publication forms a part
of the common general knowledge in the art, in Australia

or any other country.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A mining vehicle comprising:

a movable carrier;

at least one boom comprising several boom joints;

several Dboom actuators for moving the boom in
different positions;

at least one mining work device arranged at a
distal portion of the boom;

measuring means for determining the actual position
of the boom;

at least one control unit for controlling the
position of the boom according to measurement data
received from the measuring means and input control data;
wherein

at least one position of the boom is predetermined;
and

the control unit is configured to move the at least
one boom to the predetermined position in response to a
received control command,

wherein a transport position relative to the mining
vehicle is pre-defined for the boom, and

the control unit is arranged to employ stored data
on the transport position of the boom and automatically
move the boom from any current position to the defined

transport position.

2. A mining vehicle as claimed in claim 1, wherein
at least one position of at least one boom joint is
taught for the control unit by moving the boom in a
desired position and the taught position is stored in a

memory medium.

3. A mining vehicle as claimed in any one of the

preceding claims, wherein
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at least one position of the mining work device is
predetermined and positions of boom Jjoints realizing the
position are stored in a memory medium; and

the control unit 1is configured to retrieve the
stored data on the boom joints and to automatically move

the mining work device to the predetermined position.

4, A mining vehicle as claimed in any one of the
preceding claims, wherein

the mining wvehicle is a rock drilling rig
comprising at least one drilling boom and a drilling unit
at the distal end of the drilling boom;

the drilling unit comprises an elongated feed beam
and a drilling machine supported movably on the feed beam;

at least one position of the drilling boom 1is
predetermined and positions of the boom Jjoints realizing
the predetermined position of the drilling boom are stored
in a memory medium; and

the control unit 1is configured to retrieve the
stored data on the boom joints and to automatically move
the drilling boom to the at 1least one predetermined

position.

5. A mining vehicle as claimed 1in any one of
preceding claims, wherein

several positions of the boom in relation to the
carrier are predetermined and positions of boom Jjoints
realizing the predetermined boom positions are stored in a
memory medium;

the control unit 1is configured to retrieve the
stored data on the boom Jjoints and generate a moving
sequence for positioning the boom at successive
predetermined positions; and

executing the moving sequence in the control unit
is configured to move the Dboom to the desired boom

positions.
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6. A mining vehicle as claimed 1in any one of the
preceding claims, wherein

the carrier is provided with at least one transport
support for the boom;

in the transport position the boom is supported

against the at least one transport support.

7. A mining vehicle as claimed in any one of the
preceding claims, wherein

at least one intermediate position 1is determined
for the boom between the operating position and the
predetermined position; and

the control unit 1is configured to retrieve the
stored data on the predetermined position of the boom and
is arranged to automatically move the boom from the
operating position to the predetermined position wvia the

at least one intermediate position.

8. A mining vehicle as claimed in any one of the
preceding claims, wherein

the at least one position of the boom 1is
predetermined as a measuring value of the boom joint or as

coordinates of boom parts of the boom.

9. A mining vehicle as claimed in any one of the
preceding claims, wherein

the boom has a boom range and a predetermined
neutral position therein;

data on the neutral position is stored in a memory
medium; and

the control unit 1is configured to retrieve the
stored data and to automatically move the boom to the

neutral position.
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10. A mining vehicle as claimed in any one of the
preceding claims, wherein

the mining work device 1is provided with at least
one sensor, such as an 1inclinometer, for measuring
orientation with respect to gravity;

the control unit is configured to utilize measuring
data received from the sensor when moving the boom to a
predetermined position, whereby at least lateral swing and
forward-backward tilt of the mining work device are
determined; and

the control unit is configured to move at least a
boom joint affecting the lateral swing to a predetermined
position and to keep the boom joint unchanged when moving
the boom to the predetermined position by moving other

boom joints.

11. A mining vehicle as claimed in any one of the
preceding claims, wherein

the mining vehicle 1is provided with at least one
control device, whereby the boom is moved under manual
control of the operator during the operation;

the control unit is configured to monitor movements
of the control device and to detect when the control
device i1s moved to a predetermined extreme position; and

the control unit is configured to interpret the
recognized extreme position of the control device as a
request for starting to move the boom from the operational

position to a pre-determined position, or vice versa.

12. A mining vehicle as claimed in claim 1,
comprising a collision avoidance system for ensuring that
the boom or the mining work device on the boom does not
hit the ground or a physical obstacle belonging to the
mining vehicle, wherein the control unit is arranged to
determine the position of the boom and the mining work

device and compare the positions to the obstacle data, and
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the control unit is arranged to control the movements of

the boom joints by taking into account the comparison.

13. A method for moving a boom of a mining vehicle,
the method comprising:
controlling moving of the boom by means of at least

one control unit comprising a processor;

measuring an actual position of the boom by means
of measuring means;

determining actual position data of the boom in the
processor of the control unit on the basis of measuring
data; and

controlling, by means of the control unit, boom
actuators of the boom for moving joints of the boom to new
positions according to the actual position data and the
input control data; and

moving the boom to a predetermined position under
automatic control of the control unit, wherein a transport
position relative to the mining vehicle is pre-defined for
the boom, and stored data on the transport position of the
boom is employed and the boom is automatically moved from

any current position to the defined transport position.

14. A method as claimed in claim 13, comprising:

moving the boom between the actual position and a
target position according to a predetermined boom
sequence, which defines moving order of boom Jjoints,
whereby the boom is moved to the target position wvia at

least one intermediate boom position.

15. A method as claimed in c¢laim 13 or 14,
comprising:
measuring at least one boom joint with at least one

sensor having limited operating range;
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controlling the boom via at least one intermediate
position to a target position;

adjusting in the intermediate position at least one
boom joint to a predetermined position required in the
target position; and

keeping the preadjusted joint unchanged when moving
the boom from the intermediate position towards the target

position.

16. A computer program, the computer program
comprising program code means configured to cause a mining
vehicle to execute the method disclosed in any one of the

claims 13 to 15 when run on a computer.
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