Office de la Propriete Canadian CA 2463684 A1 2003/04/24

Intellectuell Intellectual P
du Canada Office P oy 2 463 684
Fhdtiie Canads Indushy Ganada 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13) A1
(86) Date de depot PCT/PCT Filing Date: 2002/10/18 (51) Cl.Int.//Int.Cl." E21B 44/00

(87) Date publication PCT/PCT Publication Date: 2003/04/24 | (71) Demandeur/Applicant:
(85) Entree phase nationale/National Entry: 2004/04/15 SANDVIK TAMROCK OY, FI
o . . (72) Inventeur/Inventor:
(86) N° demande PCT/PCT Application No.: F| 2002/000812 SAHA HEIKKI F
(87) N° publication PCT/PCT Publication No.: 2003/033874
o o (74) Agent: OGILVY RENAULT
(30) Priorité/Priority: 2001/10/19 (20012035) Fl

(54) Titre : APPAREIL DE FORAGE DE ROCHE ET MACHINE D'ABATTAGE DE ROCHE
(54) Title: ROCK DRILLING APPARATUS AND ROCK BREAKING MACHINE

(57) Abrége/Abstract:
The Invention relates to a rock drilling apparatus and a rock breaking machine. The rock drilling apparatus comprises a first

control unit (8) arranged on a carrier (1) and a second control unit (9) arranged to a rock drill (4). The first control unit (8) and the
second control unit (9) communicate with each other by means of a first data communications link (10). The drill (4) has one or
more sensors (11, 12, 15), the measuring results of which are processed in the second control unit (9) and only then transmitted
to the first control unit (8) that controls actuators regulating the operation of the drill (4). Correspondingly, the rock breaking
machine, such as a breaking hammer, comprises one or more sensors (11, 12, 15) and a control unit (9).

R N
RO TR S o
N "'c‘-‘-.u:-:{\: . N7
S
N

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




WO 03/033874 Al

CA 02463684 2004-04-15

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

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date

(10) International Publication Number

24 April 2003 (24.04.2003) PCT WO 03/033874 Al
(51) International Patent Classification”: E21B 44/00 (74) Agent: KOLSTER OY AB; Iso Roobertinkatu 23,
P.O.Box 148, FIN-00121 Helsinki (FI).
(21) International Application Number:  PCT/FI02/00812

(22) International Filing Date: 18 October 2002 (18.10.2002)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

20012035 19 October 2001 (19.10.2001) FI

(71) Applicant (for all designated States except US):
SANDVIK TAMROCK OY [FI/FI]; Pihtisulunkatu
9, FIN-33330 Tampere (FI).

(72) Inventor; and
(75) Inventor/Applicant (for US only): SAHA, Heikki [FI/FI];
Karjakontie 4 C, FIN-33340 Tampere (IFI).

(81) Designated States (national): AE, AG, AL, AM, AT (util-
ity model), AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ (utility model), CZ, DE (util-
ity model), DE, DK (utility model), DK, DM, DZ, EC, EE
(utility model), EE, ES, FI (utility model), FI, GB, GD, GE,
GH, GM, HR, HU, ID, IL., IN, IS, JP, KE, KG, KP, KR, KZ,
L.C, LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN,
MW, MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD,
SE, S@G, SI, SK (utility model), SK, SL, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, ZW.
(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, 1], TM),
European patent (Al, BE, BG, CH, CY, CZ, DE, DK, EL,
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SK,

[Continued on next page/

(54) Title: ROCK DRILLING APPARATUS AND ROCK BREAKING MACHINE

(57) Abstract: The invention
relates to a rock drlling
apparatus and a rock breaking
machine. The rock drilling
apparatus comprises a first
control unit (8) arranged on a
carrier (1) and a second control
unit (9) arranged to a rock drill
(4). The first control unit (8)
and the second control unit
(9) communicate with each
other by means of a first data
communications link (10). The
drill (4) has one or more sensors
(11, 12, 15), the measuring
results of which are processed
in the second control unit (9)
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the rock breaking machine, such
as a breaking hammer, comprises
one or more sensors (11, 12, 15)
and a control unit (9).




CA 02463684 2004-04-15

wO 03/033874 A1 LRV HD RO 00 OO0 O A

TR), OAPI patent (BE, BJ, CFE, CG, CI, CM, GA, GN, GQ, (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent

GW, ML, MR, NE, SN, TD, TG). (A1, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB,
GR, IE, IT, LU, MC, NL, PT, SE, SK, TR), OAPI patent (BF,
Declarations under Rule 4.17: BJ, CE, CG, CI, CM, GA, GN, GO, GW, ML, MR, NE, SN,
— as to applicant’s entitlement to apply for and be granted TD, TG)
a patent (Rule 4.17(it)) for the following designations AE, ——  of ipventorship (Rule 4.17(iv)) for US only

AG, AL, AM, AT, AU AZ, BA, BB, BG, BR, BY, BZ, CA, CH,

CN, CO, CR, CU, CZ DE, DK, DM, DZ, EC, EE, ES, FI .

GB. GD, GE, GH. GM, HR, HU. ID, IL, IN, IS, JP KE, KG, Tublished: |

KP KR KZ LC. LK. LR LS LT LU LV MA MD, MG. MK. with international search report

MN, MW, MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD,

SE, SG, SI, SK, SL, TJ, TM, TN, TR, T1, TZ, UA, UG, UZ, For two-letter codes and other abbreviations, refer to the "Guid-
VC, VN, YU, ZA, ZM, ZW, ARIPO patent (GH, GM, KE, LS, ance Notes on Codes and Abbreviations" appearing at the begin-
MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), Eurasian patent  ning of each regular issue of the PCT Gazette.



CA 02463684 2004-04-15

WO 03/033874 PCT/F102/00812

10

15

20

29

30

39

ROCK DRILLING APPARATUS AND ROCK BREAKING MACHINE

BACKGROUND OF THE INVENTION

[0001] The invention relates to a rock drilling apparatus comprising
a carrier, feeding beam, rock drill movable in relation to the feeding beam and
having a percussion device, one or more sensors arranged to the rock drill to
monitor the operation of the rock drill, and further at least one first control unit
arranged on the carrier of the rock drilling apparatus to control the operation of
the rock drill on the basis of measuring information received from the sensors.

[0002] The invention further relates to a rock breaking machine
comprising a body, percussion device arranged inside the body to generate
impact pulses to a tool connectable to the rock breaking machine, and one or
more sensors arranged to monitor the operation of the apparatus.

[0003] In prior art rock drilling apparatuses, the operation of the rock
drill is controlled by a control unit arranged on the carrier of the rock drilling
apparatus typically on a control deck. It is further known to equip a rock drill
with one or more sensors to monitor the operation of the drill during use. In-
formation received from the sensors is transmitted as such over a one-way
channel to the control unit on the carrier of the rock drilling apparatus, which on
the basis of the measuring information and parameters entered into the control
unit forms the control commands required for drilling control. A rock drill is
usually hydraulic, which means that in practice it is controlled by adjusting
valves arranged in hydraulic channels leading to the rock drill. Normally, the
valves are on the carrier. A drawback of the known rock drilling apparatuses is
that the control unit is far away from the rock drill. This means that the rela-
tively weak measuring signal received from the sensors arranged in the drill is
easily disturbed, which reduces measuring accuracy. Thus, it is difficult to con-
trol the drill accurately on the basis of the received measuring information.
Some measurements are not even worth making due to the long distance be-
tween the sensors and the control unit.

BRIEF DESCRIPTION OF THE INVENTION

[0004] It is an object of the present invention to provide a novel and
improved rock drilling apparatus and rock breaking machine.

[0005] The rock drilling apparatus of the invention is characterized
in that the rock drilling apparatus comprises a second control unit arranged to
the rock drill and a data communications link between the first control unit and
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the second control unit for transmitting information between the control units,
that the sensors monitoring the operation of the rock drill are connected to
transmit measuring information to the second control unit, that the second con-
trol unit comprises a memory unit for storing basic settings for the drill and a
processing unit for calculating parameters describing the operating state of the
rock drill on the basis of said basic settings and measuring information, and
that the first control unit is arranged to control the operation of the rock drill on
the basis of the parameters received from the second control unit and instruc-
tions given to the first control unit.

[0006] Further, the rock breaking machine of the invention is char-
acterized in that the rock breaking machine has a control unit, that said sen-
sors are arranged to transmit measuring information to the control unit, that the
control unit comprises a memory unit for storing basic settings for the rock
breaking machine and further a processing unit that is, during operation, ar-
ranged to form parameters describing the operating state of the rock breaking
machine on the basis of the basic settings and measuring information, and that
the control unit comprises an connection to a data communications link that
enables communication between the control unit and at least one unit external
to the rock breaking machine.

[0007] The essential idea of the invention is that for controlling drill-
ing, a first control unit is arranged on the carrier of the rock drilling apparatus
and a second control unit is also arranged to the rock drill. Said control units
communicate with each other using a data communications link arranged be-
tween them. One or more sensors are arranged to the drill to monitor the op-
eration of the drill during drilling. Measuring results received from the sensors
are transmitted to the second control unit that comprises a memory unit and
processing unit. The basic settings of the drill can be stored in the memory
unit. The processing unit is in turn arranged to calculate parameters describing
the operating state of the drill on the basis of the measuring information re-
ceived from the sensors and the basic settings stored in the memory unit.
From the second control unit, the parameters are transmitted to the first control
unit arranged on the carrier of the drilling apparatus that controls the actuators
affecting the operation of the drill, such as valves or electric regulating ele-
ments, on the basis of the parameters and control commands given to the
second control unit so as to achieve the desired operating state of the drill. Be-
cause the prevailing operating state of the drill is defined already in the drill,
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the control unit arranged on the carrier can be a relatively simple one. At its
simplest, the first control unit is a control element, by means of which the de-
sired drilling values are entered into the control system. Because the equip-
ment for defining the operating state of an individual drill, i.e. the sensors and
second control unit, is arranged to the drill, the replacement of the entire drill or
a later modification of the original drill is simple and does not cause difficult
changes to the control system in the rock drilling apparatus.

[0008] The essential idea of an embodiment of the invention is that
the second control unit is arranged inside the rock drill where it is protected
from dents and ambient conditions. In addition, at least some of the sensors
are integrated as part of the control unit so that the control unit and sensors
form together a compact entity. Even weak measuring signal received from the
sensors can then be received by the second control unit. All in all, the measur-
ing results can thus be made more accurate, which enables an accurate con-
trol of the drill. Further, this type of control unit is easy to replace, if the control
of the drill later requires updating.

[0009] The essential idea of an embodiment of the invention is that
between the first and second control units, there is a CAN (Controller Area
Network) bus that also enables a versatile monitoring of the drill. Through
monitoring, detected and starting defects can efficiently be communicated to
the user. The CAN bus has proven a reliable solution in demanding conditions.

[0010] The essential idea of an embodiment of the invention is that
the second control unit comprises an identifier that the first control unit is ar-
ranged to read automatically, whereby the drill connected to the rock drilling
apparatus is always explicitly identified. This facilitates the possible replace-
ment of the drill.

BRIEF DESCRIPTION OF THE FIGURES

[0011] The invention is described in more detail in the attachead
drawings, in which

Figure 1 is a schematic side view of a rock drilling apparatus of the
invention,

Figure 2 is a schematic side view of a rock drill of the invention, and

Figure 3 is a schematic representation of a control system of the in-
vention.

[0012] For the sake of clarity, the invention is shown simplified In
the figures. The same reference numerals are used for similar parts.
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DETAILED DESCRIPTION OF THE INVENTION

[0013] The rock drilling apparatus shown in Figure 1 comprises a
movable carrier 1, a boom 2 arranged movable in relation to the carrier, and a
feeding beam 3 arranged to the free end of the boom. In some cases, the
feeding beam 3 can be arranged directly on the carrier 1. A rock drill 4 can be
moved in relation to the feeding beam 3 by means of suitable actuators.

[0014] Figure 2 shows a rock drill 4 comprising a percussion device
5 for providing impact pulses to a tool 6 connected to the drill. Further, the rock
drill usually comprises a rotating device 7 for rotating the tool 6 around its lon-
gitudinal axis. Because the general structure and operation of a rock driliing
apparatus and rock drill are obvious to a person skilled in the art, they need not
be described in more detail in this application.

[0015] Figure 3 shows the principle of a control system of the inven-
tion. The control system comprises a first control unit 8 arranged on the carrier
1 of the rock drilling apparatus. Further, the system comprises a second con-
trol unit 9 arranged to the rock drill 4 or some other rock breaking machine. In
this context, a rock breaking machine refers not only to a drill, but also to any
other apparatus comprising a percussion device, such as a breaking hammer.
Between the first control unit 8 and the second control unit 9, there is a data
communications link 10, preferably a CAN (Controller Area Network) bus, ena-
bling bi-directional data communication between the control units 8, 9. This
way, the control units 8 and 9 can communicate and exchange information with
each other. Other suitable fixed data transmission channels can also be ap-
plied. In some cases even a wireless link between the control units is possible.

[0016] The second control unit 9 is preferably arranged inside the
body 4a of the rock drill, where it is protected from the ambient conditions and
dents. Due to severe operating conditions, it is advantageous to use surface-
mounted devices in the electronic circuits of the control unit 9, because they
endure vibration relatively well. The harmful effect of vibration can further be
reduced by arranging the entire control unit 9 or at least its most vulnerable
components inside a suitable elastic mass 20. The construction and its place-
ment inside the drill should also be arranged in such a manner that the control
unit 9 does not overheat during operation.

[0017] The second control unit 9 comprises a memory unit 9a and
processing unit 9b. The individual basic settings of each drill type can be
stored in the memory unit 9a. The basic settings depend on the construction
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and size category of the drill. The basic settings include information on the im-
pact pressure used in the drill, volume flow of the rotating motor, volume tlow
of flushing, feeding pressure, etc. The processing unit 9b comprises a com-
puter, programmable logic or the like able to process the entered information.
Further, one or more sensors 11, 12 are preferably integrated to the second
control unit 9. In this case, sensor 11 is arranged to monitor the operation of
the percussion device 5 and sensor 12 is arranged to monitor the operation of
the rotating device 7. Further, measuring information is transmitted to the sec-
ond control unit 9 from a separate sensor 15 that is arranged to monitor the
feeding of flushing medium.

[0018] Control commands and a possible drilling plan is entered into
the first control unit. Drillings plans can be entered manually into the first con-
trol unit 8 by using a user interface, such as controller 16, in it, or they can be
loaded from an external unit, such as computer or diskette. Further, the first
control unit 8 can be connected to a third control unit 17 external to the rock
drilling apparatus 1 through a second data communications link 18. Such a
solution can be applied to the control of autonomous apparatuses, for in-
stance, in which case the third control unit 17 can be arranged in a control
room outside the mine, from which the control commands and drilling plans are
delivered to the first control unit 8.

[0019] In a simplified manner, the control system operates in such a
manner that the first control unit 8 informs the second control unit 9 on the ba-
sis of the instructions, i.e. the drilling plan and control commands, how the drill
4 should operate at each time. After the basic settings of the drill and the pre-
vailing situation, i.e. operating state, have been taken into consideration, the
second control unit 9 informs the first control unit 8 what external resources it
needs to perform the required operation. It is thus a kind of feedback arrange-
ment. In practice, the processing unit 9b of the second control unit 9 forms pa-
rameters that are transmitted to the first control unit 8 where the parameters
are compared with the instructions entered into the first control unit 8. On the
basis of the comparison, the first control unit 8 adjusts the actuators affecting
the operation of the drill 4. In the solution shown in Figure 3, the first control
unit 8 adjusts a first valve 19 that is arranged in a pressure medium channel 21
leading to the percussion device 5. Further, the first control unit 8 adjusts a
second valve 30 that is arranged in a pressure medium channel 22 leading to
the rotating device 7. A third valve 25 arranged in a channel 24 leading to a
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feeding cylinder 25 and a fourth valve 27 arranged in a flushing medium chan-
nel 26 are adjusted correspondingly. Further, pumps 28 and 29 can also be
adjusted. By adjusting the percussion device, rotating device, the feeding and
flushing of the drill, for instance, the drill can be directed to operate exactly In
the desired manner in each situation.

[0020] In known solutions, the control system of the rock drill is de-
signed for one drill type only. A possible later modification of the drill or its re-
placement to a drill differing in power or other properties from the original as-
sembly causes massive and expensive changes to the control system of the
entire rock drilling apparatus. Instead, the solution of the invention enables the
use of different drills, since the control system identifies the drill arranged in the
rock drilling apparatus. The identification information may be stored in the ba-
sic settings of the second control unit that the first control unit can read through
the data communications link. Alternatively, the second control unit can be
equipped with a mechanical detector based on shorted circuits or the like. To
facilitate the later replacement of the drill, the equipment mounted on the car-
rier of the rock drilling apparatus is preferably dimensioned in such a manner
that it is suitable for drills of different sizes.

[0021] The drawings and the related description are only intended
to illustrate the idea of the invention. The invention may vary in detail within the
scope of the claims. Therefore, even though the figures and their description
describe an invention for a rock drill, the invention can also be applied to other
rock breaking machines comprising a percussion device, such as secondary
breaking apparatuses. Further, it does not matter to the solution of the inven-
tion whether the percussion device is operated by pressure medium, electricity
or in some other manner. For instance, in an electrically operated apparatus,
electrical quantities are controlled instead of hydraulic valves and pumps.
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CLAIMS

1. A rock drilling apparatus comprising a carrier (1), feeding beam
(3), rock drill (4) movable in relation to the feeding beam (3) and having a per-
cussion device (5), one or more sensors (11, 12, 15) arranged to the rock drill

5 (4) to monitor the operation of the rock drill (4), and further at least one first
control unit (8) arranged on the carrier (1) of the rock drilling apparatus to con-
trol the operation of the rock drill (4) on the basis of measuring information re-
ceived from the sensors (11, 12, 15),characterized in that

the rock drilling apparatus comprises a second control unit (9) ar-

10 ranged to the rock drill (4) and a data communications link (10) between the
first control unit (8) and the second control unit (9) for transmitting information
between the control units (8, 9),

the sensors (11, 12, 15) monitoring the operation of the rock drill (4)

are connected to transmit measuring information to the second control unit (9),

15 the second control unit (9) comprises a memory unit (9a) for storing
basic settings for the drill and a processing unit (9b) for calculating parameters
describing the operating state of the rock drill (4) on the basis of said basic set-
tings and measuring information, and

the first control unit (8) is arranged to control the operation of the

20 rock drill (4) on the basis of the parameters received from the second control
unit (9) and instructions given to the first control unit (8).

2. A rock drilling apparatus as claimed In clam 1, character-
. > e d in that the second control unit (9) is arranged inside the body (4a) of the
rock drill and that at least some of the sensors (11, 12) are integrated as part

25  of the second control unit (9).

3. A rock drilling apparatus as claimed in claim 1 or 2, ¢ harac-
terized in that the first data communications link (10) between the first con-
trol unit (8) and the second control unit (9) Is a CAN bus.

4. A rock breaking machine comprising a body (4a), percussion de-

30 vice (5) arranged inside the body (4a) to generate impact pulses to a tool (6)
connectable to the rock breaking machine, and one or more sensors (11, 12,
15) arranged to monitor the operation of the apparatus, characterized
in that

the rock breaking machine has a control unit (9),

35 said sensors (11, 12, 15) are arranged to transmit measuring infor-
mation to the control unit (9),

CA 02463684 2004-04-15
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the control unit (9) comprises a memory unit (9a) for storing basic
settings for the rock breaking machine ana further a processing unit (9b) that
is, during operation, arranged to form parameters describing the operating
state of the rock breaking machine on the basis of the basic settings and
5 measuring information, and
the control unit (9) comprises an connection to a data communica-
tions link (10) that enables communication between the control unit (9) and at
least one unit external to the rock breaking machine for controlling the opera-
tion of the rock breaking machine so as to achieve the desired operating state
10 of the rock breaking machine.
5. A rock breaking machine as claimed in claim 4, charac ter-
i > d in that the control unit (9) is arranged inside the body (4a) of the rock
breaking machine and that at least some of the sensors (11, 12) are integrated
as part of the control unit (9).
156
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