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A rock drilling apparatus with several actuator units (2a to 4b), a user interface control unit (6), and at least one control means (7 to
9) connected to the user In- terface control unit (6) for controlling the functions of the rock drilling apparatus (1), and for each
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(57) Abrege(suite)/Abstract(continued):
actuator unit (2a to 4b), a control element connected under the control of the user interface control unit (6) for controlling the

operation of the actuator unit (2a to 4b) in accordance with control signals provided by the user interface control unit (6), and a
method for controlling the rock drilling apparatus. VWWhen the control element of an actuator unit (2a to 4b) of the rock drilling
apparatus turns faulty, the control element of another actuator unit (2a to 4b) is connected to control the first actuator unit (2a to
4b) when the other actuator unit (2a to 4b) need not be controlled.



woO 2008/017:732 A1 I DU E DA 000 A O A

CA 02660045 2009-02-04

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [#

International Bureau

(43) International Publication Date
14 February 2008 (14.02.2008)

(51) International Patent Classification:
E21B 44/00 (2006.01) GO5B 9/03 (2006.01)

(21) International Application Number:
PCT/F12007/050438

(22) International Filing Date: 9 August 2007 (09.08.2007)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

20065509 9 August 2006 (09.08.2006) FI

(71) Applicant (for all designated States except US): SAND-
VIK MINING AND CONSTRUCTION OY [FI/FI]; Pi-
htisulunkatu 9, FI-33330 Tampere (IF1).

(72) Inventors; and

(75) Inventors/Applicants (for US only): KEMPPAINEN,
Timo [FI/FI]; Kraatarinkatu 15 A 6, FI-33270 Tampere
(FI). OSARA, Jukka [FI/FI]; Parkumientie 14, FI-39100
Hameenkyro (FI).

(10) International Publication Number

WO 2008/017732 Al

(74) Agent: KOLSTER OY AB; Iso Roobertinkatu 23, P.O.
Box 148, FI-00121 Helsinki (FI).

(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GGT, HN, HR, HU, ID, IL,
IN, IS, JP, KE, KG, KM, KN, KP, KR, K7, LA, L.C, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL., SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
/M, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, I,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, B, CFE, CG, CI, CM,

GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: ROCK DRILLING APPARATUS AND METHOD FOR CONTROLLING ROCK DRILLING APPARATUS

\(O

-

oo

2\

Z000C0
cnonco

0a0d

\

L
7

CONTROL INTE
FACE UNIT

//13

SYSTEM
CONTROL UNI

12b

12a

10a 10b

10a1 |

| 1011
1012

BOOM CONTROL
UNIT

UNIT

BOOM CONTROLjos|

- | 1013

033 | |

1021

1041]

DRILLING

DRILLING

1022

1042 |

CONTROL UNIT CONTROL UNIT

. 1023

1043 |

11a
- 14a 4ib

N 14b

>
D]

(57) Abstract: A rock drilling apparatus with several ac-
tuator units (2a to 4b), a user interface control unit (6), and
at least one control means (7 to 9) connected to the user
in- terface control unit (6) for controlling the functions of
the rock drilling apparatus (1), and for each actuator unit
(2a to 4b), a control element connected under the control
of the user interface control unit (6) for controlling the op-
eration of the actuator unit (2a to 4b) in accordance with
control signals provided by the user interface control unit
(6), and a method for controlling the rock drilling appara-
tus. When the control element of an actuator unit (2a to
4b) of the rock drilling apparatus turns faulty, the control
element of another actuator unit (2a to 4b) is connected to
control the first actuator unit (2a to 4b) when the other ac-
tuator unit (2a to 4b) need not be controlled.
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ROCK DRILLING APPARATUS AND METHOD FOR CONTROLLING ROCK DRILL-
ING APPARATUS

PRIOR ART

[0001] The invention relates to a rock drilling apparatus with several
actuator units, a user interface control unit, and at least one control means con-
nected to the user interface control unit for controlling the functions of the rock
drilling apparatus, and for each actuator unit, a control element connected under
the control of the user interface control unit for controlling the operation of the ac-
tuator unit in accordance with control signals provided by the user interface con-
trol unit. The invention further relates to a method for controlling a rock drilling ap-
paratus that has several actuator units, a control unit, and at least one control
means connected to the control unit for controlling the functions of the rock drilling
apparatus, and for each actuator unit, a control element connected under the con-
trol of the control unit for controlling the operation of the actuator unit in accor-
dance with control signals provided by the control unit.

[0002] Rock drilling apparatuses are currently controlled electronically
and In most cases with some type of logic or computer control. In practice, a dis-
tributed control system is typically used and actuators, such as a rock drilling ma-
chine, boom, etc., are separate, controllable actuator units having separate con-
trol units for the control of a specific function. The systems are constructed so that
each actuator or actuator entity has its own control unit and, if the rock drilling ap-
paratus has several booms, for instance, each boom or each specific actuator unit
has its own control unit.

[0003] Today, control systems also include diagnostics capable of de-
tecting possible faults and reporting them. Thus, the control system is capable of
reporting If a control unit or the O unit of a control unit does not work. Nowadays,
the faulty unit always needs to be replaced before the actuators controlled by it
can be used again.

[0004] A problem with prior-art solutions iIs that when a fault Is de-
tected, the operation of the entire rock drilling apparatus Is discontinued until the
faulty unit has been repaired or replaced. This causes both expensive shutdowns
and delays in work.
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BRIEF DESCRIPTION OF THE INVENTION

[0005] It is an object of the present invention to provide a rock drilling
apparatus and method with which it i1s possible to avoid or decrease problems
caused by failure in control elements.

[0006] The rock drilling apparatus of the invention Is characterised In
that it comprises means which, when a control element of an actuator unit turns
faulty, connect the control element of another actuator unit to control the first ac-
tuator unit when the other actuator unit need not be controlled.

[0007] The method of the invention Is characterised in that, when a
control element of an actuator unit turns faulty, said actuator unit is controlled with
a control element of another actuator unit when the other actuator unit need not
be controlled.

[0008] An aspect of the invention Is that the operation of a faulty unit is
managed with a corresponding control unit of a second, similar unit temporarily
until the faulty unit has been repaired or replaced. Thus, a faulty control unit in-
tended to control the boom, for instance, can be replaced by using the control unit
of a second boom when said boom is not being controlled. This way, Iin a fault
situation, one control unit can control several booms one at a time merely by con-
necting the unit alternately to control each boom as it is being directed and used.
According to an embodiment of the invention, this replacement of the unit can be
done merely through a user interface belonging to the control system. According
to a second embodiment of the invention, the replacement can be done by using a
separate maintenance unit with which the faulty control unit can be temporarily
bypassed and a functioning control unit used instead. According to yet another
embodiment of the invention, the control system comprises means for replacing a
faulty control unit automatically or for suggesting its replacement automatically.

BRIEF DESCRIPTION OF FIGURES

[0009] The invention is described in more detail in the attached draw-
INgs, In which

Figure 1 is a schematic representation of a rock drilling apparatus,

Figure 2 Is a schematic representation of a control system of the rock
drilling apparatus of Figure 1 in a block diagram,

Figures 3a and 3b show a control coupling of the control system of Fig-
ure 2 In a fault situation,



CA 02660045 2009-02-04
WO 2008/017732 PCT/FI12007/050438

Figure 4 shows a second control coupling of the control system of Fig-
ure 2 Iin a fault situation,

Figure 5 shows the control coupling of the control system of Figure 2 In
another type of fault situation, and

Figure 6 shows the control coupling of the control system of Figure 2 in
a fault situation when using a separate maintenance unit.

DETAILED DESCRIPTION OF SOME EMBODIMENTS OF THE INVENTION

[0010] Figure 1 1s a schematic representation of a rock drilling appara-
tus having a carrier 1 and booms 2a and 2b mounted turnably in a manner known
per se to the carrier 1. The ends of the booms 2a and 2b have feed beams 3a and
3b with movable rock drilling machines 4a and 4b on them. These are generally
known per se and their operation is known and obvious to a person skilled in the
art, which i1s why It iIs not necessary to describe them in more detail. The booms
with their actuators and the rock drilling machines with their actuators are sepa-
rate actuator units. The actuator units 2a to 4b can further be not only booms,
feed beams, and rock drilling machines, but also other actuators, such as power
units, jJacks, and user interfaces used to control the equipment.

[0011] The different components of the booms 2a and 2b, feed beams
3a, 3b, and rock drills 4a and 4b of the rock drilling apparatus shown in Figure 1
and their position and direction relative each other are controlled in a manner
kKnown per se with control equipment, one embodiment of which is shown by way
of example in more detall in Figure 2.

[0012] Figure 2 shows by way of example and schematically an em-
bodiment of the control equipment of the rock drilling apparatus according to Fig-
ure 1. The control equipment has several different control units connected to each
other with a data bus 5 known per se, for instance a bus based on CAN (Control-
ler Area Network) data bus technology.

[0013] The first control unit Is a user Interface control unit 6 to which
different control means are connected, with which the user can enter instructions
to control the operation of the control equipment. These control means may In-
clude one or more controllers 7, of which only one is shown here by way of exam-
ple. The control means may further include a keyboard 8 and display 9 on which
the user interface unit 6 displays the necessary information for the user.

[0014] Further, the control equipment has two boom control units 10a
and 10b and two drilling control units 11a and 11b. One of the boom control units
10a or 10b and one drilling control unit 11a or 11b, respectively, form a control
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unit entity 12a and 12b, respectively, intended to control one drilling boom 2a or
2b, respectively, and both of them control their own actuator unit, that is, drilling
boom 2a or 2b and the related second actuator unit, that is, rock drilling machine
4a or 4b. A separate system control unit 13 may also be provided to control the
entire system formed by the control equipment.

[0015] Each boom control unit 10a and 10b and drilling control unit 11a
and 11b, respectively, has one or more |O units according to the number of con-
trolled actuators, and in this example, there are three for each control unit. The [O
units 1011 to 1043 correspondingly control the components required for controlling
their actuators, such as pressure fluid valves 14a and 14b or other components,
actuators or sensors 15.

[0016] In the claims, the control units 10a, 10b, 11a, and 11b and the
O units Ol11 to 1043 are commonly referred to as control elements, which thus
can refer to a control unit only, an O unit only, or both.

[0017] The control equipment functions in such a manner that the user
Interface control unit 6 transmits control commands as necessary to the other
units through the data bus 5, and the other units then execute the commands ac-
cording to the instructions defined in them. Each unit can have one or more com-
puters for implementing control, whereby the control equipment is formed of sev-
eral computers inter-connected through the data bus 5, as well as other compo-
nents and |O units.

[0018] Figure 3a shows a situation, in which the boom control unit 10a
controlling the boom 2a is faulty. This is indicated by a cross drawn on the boom
control unit 10a. In this situation, the boom 2b is naturally controlled as usual with
the boom control unit 10b, until the boom Is positioned as desired and can be
stopped and left there without disturbing other operations. This Is indicated sche-
matically with dashed line arrows a. After this, in the manner shown In Figure 3b,
the boom control unit 10b I1s connected to control the boom 2a, whereby the boom
2a can be moved to the desired position In spite of the faulty boom control unit
10a. This Is indicated schematically with dashed line arrows b. When the boom 2a
IS controlled to a desired position, the boom control unit 10b can again be con-
nected to control boom 2b.

[0019] Figure 4 shows a situation corresponding to that of Figure 3a, In
which the boom control unit 10a is faulty. This alternative embodiment uses the
drilling control unit 11a of the same boom 2a to control the boom 2a until it has
been positioned correctly for operation and can be stopped. This is indicated
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schematically with dashed line arrows c. After this, the drilling control unit 11a Is
connected to control drilling as usual. The drilling control unit 11a is used, when
moving the boom 2a again to a new drilling location after drilling the bore.

[0020] Figure 5 shows a situation in which the [O unit 1022 of the drill-
INng control unit 11a Is faulty and cannot control the actuator valve 14b. Instead of
1O unit 1022, the O unit 021 belonging to the drilling control unit 11a can then be
used to control the actuator valve 14b when it is not needed to control its own ac-
tuator. Figure 5 shows a situation in which this control is done to enable the use
do the drilling control unit 11a. Dashed line d indicates schematically the control
coupling.

[0021] Figure 6 shows a situation corresponding to that of Figure 3a, In
which the boom control unit 10a Is faulty. This alternative embodiment uses a
separate maintenance unit 16 to control the boom 2a, the maintenance unit 16 be-
INg connected through a separate connection 17, for instance, to the data bus 5. It
then replaces the faulty boom control unit 10a, and it is not necessary to use the
control units of the other actuators. The route of the control signal Is Iindicated
schematically with dashed line arrows e.

[0022] In the solution described above by means of drawings, the im-
plementation I1s based on the fact that in distributed units, the actuators are con-
trolled through different generally defined buses. Thus, the control of the control
units and 1O units required by each actuator Is based on unit-specific addresses
and on executing commands given specifically for each unit by means of these
addresses.

[0023] In the above descriptions and drawings, the invention is de-
scribed by way of example only, and it is in no way restricted thereto. The essen-
tial In the invention Is that a faulty control unit or O unit of an actuator in a rock
drilling apparatus can be temporarily replaced with another control unit or 1O unit
and the use of the apparatus can thus be continued until the faulty unit is repaired
or replaced by a new one.
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CLAIMS

1. A rock drilling apparatus comprising:

several actuator units (2a to 4b), a user interface control unit (6), and at least
one control means (7 to 9) connected to the user interface control unit (6) for controlling
the functions of the rock drilling apparatus (1), and for each actuator unit (2a to 4b), a
control element connected under the control of the user interface control unit (6) for
controlling the operation of the actuator uﬁit (2a to 4b) in accordance with control
signals provided by the user interface control unit (6), and means for connecting the
control element of a first actuator unit (2a to 4b) to control a second actuator when a
control element of the second actuator unit (2a to 4b) turns faulty, wherein the control
elements are control units that are progra‘mmed o control certain actuator units, and
wherein a faulty control unit is replaced temporarily by a control unit programmed to

control a similar actuator unit.

2. A rock drilling apparatus as claimed in claim 1, wherein a corresponding
control element of the first actuator unit (2a to 4b) is connected in place of the faulty

control element to control the second actuator unit (2a to 4b).

3. A rock drilling apparatus as claimed in any one of claims 1-2, wherein the

means for connecting the control element of the first actuator unit to control the second
actuator unit (2a to 4b) is part of a computer program associated with the operating

system of the control means.

4. A rock drilling apparatus as claimed in claim any one of claims 1-2, wherein

the means for connecting the control element of the first actuator unit to control the
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second actuator unit (2a to 4b) comprises a separate maintenance unit connectable to

the control means.

5. A rock drilling apparatus as claimed in claim 1, wherein the control element is

an O unit (I011 to 1043) associated with the control unit (10a to 11b).

6. A method for controlling a rock drilling apparatus with several actuator units
(2a to 4b), a control unit (6), and at least one control means connected to the control
unit (6) for controlling the functions of the rock drilling apparatus (1), and for each
actuator unit (2a to 4b), a control element connected under the control of the control unit
(6) for controlling the operation of the actuator unit (2a to 4b) in accordance with control
signals provided by the control unit (6), the method comprising, when the contro!
element of an actuator unit (2a to 4b) turns faulty, controlling said actuator unit (2a to
4b) with the control element of another actuator unit (2a to 4b) when the other actuator
unit (2a to 4b) need not be controlled, wherein the control elements are control units
that are programmed to control certain actuator units, a control unit programmed to

control a similar actuator unit is used to replace temporarily the faulty control unit.

7. A method as claimed in claim 6, wherein the actuator unit (2a to 4b) normally
controlled by the faulty control element is controlled by a corresponding control element

of another actuator unit (2a to 4b).

8. A method as claimed in any one of claims 6-7, wherein said connection of the
control element of the other actuator unit (2a to 4b) to control the other control element

Is done with a computer program associated with the operating system of the control

means.
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9. A method as claimed in any one of claims 6-7, wherein said connection of the
control element of the other actuator unit (2a to 4b) to control the other control element

is done with a separate maintenance unit connected to the control means.
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