(12) STANDARD PATENT (11) Application No. AU 2005259128 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(21)

(87)

(30)

(31)

(43)

(44)

(71)

(72)

(74)

(56)

Title
Method for controlling percussion device, software product, and percussion device

International Patent Classification(s)

B25D 9/26 (2006.01) E21B 6/00 (2006.01)
E21B 1/00 (2006.01) E21B 44/08 (2006.01)
Application No: 2005259128 (22) Date of Filing:  2005.06.30

WIPO No: WO06/003259

Priority Data

Number (32) Date (33) Country
20040929 2004.07.02 Fl
Publication Date: 2006.01.12

Accepted Journal Date: 2010.02.18

Applicant(s)
Sandvik Mining and Construction OY

Inventor(s)
Ahola, Erkki;Helin, Aimo;Keskiniva, Markku;Esko, Mauri;Maki, Jorma

Agent / Attorney
Griffith Hack, Level 3 509 St Kilda Road, Melbourne, VIC, 3004

Related Art
WO 2003033873
US 20040140112
EP 0080446




WO 20067003259 A1 |1 0K VO 0100 0 0 OO

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

IREVISED VERSION|

T,

VAN
P
(ZPo>

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date

52} | AT 0 0RO
A

(10) International Publication Number

12 January 2006 (12.01.2006) PCT WO 2006/003259 Al
(51) International Patent Classification: CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
B25D 9/26 (2006.01) E21B 1/00 (2006.01) GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA,
(21) International Application Number: MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO, NZ,
PCT/FI2005/050257 OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL,

(22) International Filing Date: 30 June 2005 (30.06.2005)

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

20040929 2 July 2004 (02.07.2004) FI

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

(72) Inventors; and

(75) Inventors/Applicants (for US only): KESKINIVA,
Markku [FI/FI]; Pikkusaarenkuja 5 B 32, FI-33410
Tampere (FI). MAKI, Jorma [FI/FIJ; Sorvajirventie
35, FI-34140 Mutala (FI). HELIN, Aimo [FI/FI]; Lan-
nemdentie 49 F 14, FI-33340 Tampere (FI). ESKO, Mauri
[FI/FI]; Kolkontie 174, FI-39500 Ikaalinen (FI). AHOLA,
Erkki [FI/FI]; Topiaksentie 11, FI-36240 Kangasala (FI).

(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, BR, BW, BY, BZ, CA, CH, CN,

SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC,

VN, YU, ZA, ZM, 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,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO,
SE, SI, SK, TR), OAPI (BE, BJ, CF, CG, CL, CM, GA, GN,
GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

of inventorship (Rule 4.17(iv))

Published:

—  with international search report

(88) Date of publication of the revised international search
report: 13 April 2006

(15) Information about Correction:
see PCT Gazette No. 15/2006 of 13 April 2006

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: METHOD FOR CONTROLLING PERCUSSION DEVICE, SOFTWARE PRODUCT, AND PERCUSSION DEVICE

(57) Abstract: The invention relates to a method and software product for control-

p 88 ling a percussion device belonging to a rock-drilling machine, and to a percussion

/ ptot device. The impact frequency of the percussion device (7) is set so that the per-

@ cussion device (7) forms a new compression stress wave (p) to the tool (8) always

@ when reflected waves (h) from the previous compression stress waves reach a first

) 8 end (8a) of the tool. This requires that the impact frequency be set proportional to

- the propagation time of the stress wave, whereby the length of the used tool (8) and

Y 1 1~ the propagation velocity of the stress wave in the tool material are to be noted.
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METHOD FOR CONTROLLING PERCUSSION DEVICE, SOFTWARE PRODUCT,
AND PERCUSSION DEVICE

BACKGROUND OF THE INVENTION

[0001] The invention relates to a method for controlling a percussion
device, the method comprising: providing impact pulses with the percussion
device during drilling to a tool connectable to a rock-drilling machine; and gen-
erating a compression stress wave to the tool to propagate at a propagation
velocity dependent on the tool material from a first end to a second end of the
tool, with at least some of the compression stress reflecting back from the sec-
ond end of the tool as a reflected wave that propagates toward the first end of
the tool; and controlling the percussion device in the rock-drilling machine and
its impact frequency.

[0002] The invention further relates to a software product for con-
trolling percussion rock-drilling, the execution of which software product in a
control unit controlling the rock drilling is arranged to perform at least the fol-
lowing action: to control the percussion device in the rock-drilling machine dur-
ing drilling to provide impact pulses to a tool connectable to the rock-drilling
machine, whereby a compression stress wave is arranged to form in the tool to
propagate at a propagation velocity dependent on the tool material from a first
end to a second end of the tool, with at least some of the compression stress
reflecting back from the second end of the tool as a reflected wave that propa-
gates toward the first end of the tool; and further to control the impact fre-
quency of the percussion device.

[0003] The invention further relates to a percussion device that
comprises: means for generating a impact pulse to a tool, whereby a compres-
sion stress wave caused by the impact pulse is arranged to propagate from a
first end to a second end of the tool, and at least some of the compression
stress reflects back from the second end of the tool as a reflected wave and
propagates toward the first end of the tool; a control unit for controlling the im-
pact frequency of the percussion device; and means for defining at least the
impact frequency of the percussion device.

[0004] The invention further relates to a percussion device that
comprises: means for generating a impact pulse to a tool, whereby a compres-
sion stress wave caused by the impact pulse is arranged to propagate from a
first end to a second end of the tool, and at least some of the compression
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stress reflects back from the second end of the tool as a reflected wave and
propagates toward the first end of the tool; means for controlling the impact
frequency of the percussion device; and means for defining the impact fre-
quency of the percussion device.

[0005] Percussive rock drilling uses a rock-drilling machine having
at least a percussion device and a tool. The percussion device generates a
compression stress wave that propagates through a shank to the tool and on
to a drill bit at the outermost end of the tool. The compression stress wave
propagates in the tool at a velocity that depends on the material of the tool. It
is, thus, a propagating wave, the velocity of which in a tool made of steel, for
instance, is 5,190 m/s. When the compression stress wave reaches the drill bit,
it makes the drill bit penetrate the rock. However, it has been detected that 20
to 50 % of the energy of the compression stress wave generated by the per-
cussion device reflects back from the drill bit as a reflected wave that propa-
gates in the tool into the reverse direction, i.e. toward the percussion device.
Depending on the drilling situation, the reflected wave can comprise only a
compression stress wave or a tensile stress wave. However, a reflected wave
typically comprises both a tensile and a compression stress component. To-
day, the energy in the reflected waves cannot be efficiently utilized in drilling,
which naturally reduces the efficiency of drilling. On the other hand, it is known
that reflected waves cause problems to the durability of drilling equipment, for
instance.

BRIEF DESCRIPTION OF THE INVENTION

[0006] It is an object of the present invention to provide a novel and
improved method and software product for controlling a percussion device of a
rock-drilling machine, and a percussion device.

[0007] The method of the invention is characterized by setting the
impact frequency of the percussion device proportional to the propagation time
of stress waves that depends on the length of the used tool and the propaga-
tion velocity of a wave in the tool material; generating with the percussion de-
vice a new compression stress wave to the tool when a reflected wave from
one of the previous compression stress waves reaches a first end of the tool;
and summing the new compression stress wave and the reflected wave to
produce a sum wave that propagates in the tool at the propagation velocity of
the wave toward a second end of the tool.
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[0008] The software product of the invention is characterized in that
the execution of the software product is arranged to set the impact frequency
of the percussion device proportional to the propagation time of the stress
waves.

[0009] The percussion device of the invention is characterized in
that a control unit is arranged to set the impact frequency proportional to the
propagation time of stress waves that depends on the length of the used tool
and the propagation velocity of a wave in the tool material.

[0010] A second percussion device of the invention is characterized
in that the percussion device comprises means for steplessly and separately
controlling the impact frequency and impact energy and that the impact fre-
quency of the percussion device is arranged proportional to the propagation
time of stress waves that depends on the length of the used tool and the
propagation velocity of a wave in the tool material.

[0011] The essential idea of the invention is that the impact fre-
quency of the percussion device is arranged in such a manner that every time
a new compression stress wave is generated in the tool, a reflected wave from
an earlier compression stress wave should be at the percussion device end of
the tool. Adjusting the impact frequency must be done proportional to the
propagation time of the stress waves. The length of the used tool and the
propagation velocity of the stress waves in the tool material affect the propaga-
tion time of the stress waves.

[0012] The invention provides the advantage that the energy in the
reflected wave can now be better utilized in drilling. When the reflected wave
has reached the percussion device end of the tool, the tensile stress compo-
nent in the reflected wave is reflected back toward the drill bit as a compres-
sion stress wave. A new primary compression stress wave generated with the
percussion device is summed to this reflected compression stress wave,
whereby the sum wave formed by the reflected and primary compression
stress waves has a higher energy content than the compression stress wave
generated with the percussion device only. In addition, the solution of the in-
vention ensures that there is always a good contact between the drill bit and
rock. This is due to the fact that there are only compression stress waves
propagating toward the drill bit of the tool. When, at the first end of the tool, a
new compression stress wave generated by the percussion device is summed
to the reflected stress wave, the sum wave is always a compressive stress
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wave. Therefore, no tensile stress waves propagate toward the drill bit of the
tool, which may weaken the contact between the drill bit and rock. Further,
when applying the solution of the invention, the feed force may be lower than
before, because a good contact between the drill bit and rock is maintained
without having to compensate for the effect of tensile stress waves with a high
feed force.

[0013] An essential idea of an embodiment of the invention is that
the shape of the sum wave propagating in the tool from the percussion device
toward the drill bit is made as desired by fine-adjusting the impact frequency.
The fine-adjustment affects the summing of the compression stress wave re-
flected from the first end of the tool and the primary compression stress wave
generated with the percussion device and, thus, also the shape of the sum
wave. By setting the impact frequency higher than the setting defined on the
basis of the length of the drilling equipment, a progressive sum wave is ob-
tained. By making the impact frequency lower, it is, in turn, possible to
lengthen the sum wave, which in practice lengthens the effective time of com-
pression stress. It is naturally also possible to lengthen the sum wave by in-
creasing the impact frequency sufficiently, whereby the reflected wave at-
taches to the rear of the generated primary compression stress wave.

[0014] An essential idea of an embodiment of the invention is that in
extension rod drilling, the impact frequency of the percussion device is set to
correspond to the propagation time of a stress wave in one extension rod. The
reflected waves propagating from one end of the tool toward the percussion
device then propagate to the connection joints between the extension rods
substantially simultaneously with the primary compression stress waves
propagating from the opposite direction. When arriving substantially simulta-
neously to the connection joint, the compression stress wave and the reflected
wave are summed, whereby the tensile stress component in the reflected wave
is neutralized and no tensile stress is, thus, directed to the connection. This
way, it is possible to improve the durability of the connections between exten-
sion rods.

[0015] An essential idea of an embodiment of the invention is that a
new primary compression stress wave is summed with a multiple of a reflected
wave generated by a previous compression stress wave, i.e. reflected wave,
which has propagated several times from one end of the tool to the other. This
embodiment can be utilized especially when a short tool is used.
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[0016] An essential idea of an embodiment of the invention is that
the percussion device comprises means for storing the energy in the compres-
sion stress component in the reflected wave and for utilizing it in forming new
impact pulses. In a percussion device that comprises a reciprocating percus-
sion piston, the energy in the reflected compression stress component can be
utilized when the percussion piston is moved in the return direction. The re-
flected compression stress component can provide the initial velocity of the
percussion piston return movement. At the end of the return movement, the
kinetic energy of the percussion piston can be stored in pressure accumulators
and utilized during a new percussion movement. Percussion devices are also
known, in which compression stress waves are generated directly from hydrau-
lic pressure energy without a percussion piston. In percussion devices of this
type, the impact pulses can be generated by a lower input energy when the
impact frequency is set as described in the invention.

[0017] An essential idea of an embodiment of the invention is that
the percussion device enables stepless and separate adjustment of the impact
frequency and impact energy. For instance, in a percussion device that gener-
ates compression stress waves directly from hydraulic pressure energy without
a percussion piston, it is possible to adjust the impact frequency by adjusting
the rotation rate or operating frequency of a control valve. In this type of per-
cussion device, the impact energy can be adjusted by adjusting the magnitude
of hydraulic pressure. In an electric percussion device, the impact frequency
can be adjusted by adjusting the frequency of alternating current, for instance,
and impact energy can be adjusted by altering the used voltage.

[0018] An essential idea of an embodiment of the invention is that it
uses an impact frequency of at least 100 Hz.

[0019] An essential idea of an embodiment of the invention is that it
uses an impact frequency of at least 200 Hz. In practical experience, an impact
frequency of over 200 Hz has proven advantageous.

BRIEF DESCRIPTION OF THE FIGURES

[0020] The invention is described in greater detail in the attached
drawings, in which

Figure 1 is a schematic side view of a rock drilling rig,

Figure 2a is a schematic side view of a rock-drilling machine and a
tool connected thereto in a drilling situation,
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Figure 2b is a schematic view of a first end, i.e. percussion device
end, of a tool and the propagation of a reflected stress wave,

Figures 2c and 2d are schematic views of a special drilling situation
and the reflection of a stress wave back from the outermost end, i.e. second
end, of a tool,

Figure 2e is a schematic view of a few sum wave shapes, the gen-
eration of which has been influenced by fine-adjusting the impact frequency,

Figures 3 to 6 are schematic views at different times of the propaga-
tion of primary compression stress waves and waves reflected from the outer-
most end of the tool in a tool comprising several extension rods,

Figure 7 is a schematic cross-sectional view of a percussion device
of the invention and its operational control,

Figure 8 is a schematic cross-sectional view of a second percussion
device of the invention and its operational control,

Figure 9 is a schematic cross-sectional view of a third percussion
device of the invention and its operational control, and

Figure 10 is a table with a few impact frequency settings and impact
frequency setting multiples for tools of different lengths.

[0021] In the figures, the invention is shown simplified for the sake
of clarity. Similar parts are marked with the same reference numbers in the
figures.

DETAILED DESCRIPTION OF SOME EMBODIMENTS OF THE INVENTION

[0022] The rock drilling rig 1 shown in Figure 1 comprises a carrier 2
and at least one feeding beam 3, on which a movable rock-drilling machine 4 is
arranged. With a feeding device 5, the rock-drilling machine 4 can be pushed
toward the rock to be drilled and, correspondingly, pulled away from it. The
feeding device 5 may have one or more hydraulic cylinders, for instance, that
may be arranged to move the rock-drilling machine 4 by means of suitable
power transmission elements. The feeding beam 3 is typically arranged to a
boom 6 that can be moved with respect to the carrier 2. The rock-drilling ma-
chine 4 comprises a percussion device 7 for providing impact pulses to a tool 8
connected to the rock-drilling machine 4. The tool 8 may comprise one or more
drill rods and a drill bit 10. The rock-drilling machine 4 may further comprise a
rotating device 11 for rotating the tool 8 around its longitudinal axis. During
drilling, impact pulses are provided with the percussion device 7 to the tool 8
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that can be simultaneously rotated with the rotating device 11. In addition, the
rock-drilling machine 4 can during drilling be pushed against the rock so that
the drill bit 10 can break the rock. Rock drilling can be controlled by means of
one or more control units 12. The control unit 12 may comprise a computer or
the like. The control unit 12 may give control commands to actuators control-
ling the operation of the rock-drilling machine 4 and feeding device 5, such as
the valves controlling the pressure medium. The percussion device 7, rotating
device 11 and feeding device 5 of the rock-drilling machine 4 can be pressure-
medium-operated or electric actuators.

[0023] Figure 2a shows a rock-drilling machine 4 with a tool 8 con-
nected to its drill shank 13. The percussion device 7 of the rock-drilling ma-
chine 4 may comprise a percussion element 14, such as a percussion piston
arranged movable back and forth, which is arranged to strike a percussion sur-
face 15 on the drill shank 13 and to generate a impact pulse that propagates at
a velocity dependent on the material as a compression stress wave through
the drill shank 13 and tool 8 to the drill bit 10. One special case of rock drilling
is shown in Figure 2c, in which the compression stress wave p cannot make
the drill bit 10 penetrate the rock 16. This may be due to a very hard rock ma-
terial 16, for instance. In such a case, the original stress wave p reflects back
as a compression stress wave h from the drill bit 10 toward the percussion de-
vice 7. A second special case is shown in Figure 2d. In it, the drill bit 10 can
freely move forward without a resisting force. For instance, when drilling into a
cavity in the rock, penetration resistance is minimal. The original compression
stress wave p then reflects back from the drill bit 10 as a tensile reflection
wave toward the percussion device 7. In practical drilling, shown in Figure 2a,
the drill bit 10 encounters resistance but is still able to move forward due to the
compression stress wave p. A force resists the forward movement of the drill
bit 10, and the magnitude of the force depends on how far the drill bit 10 has
penetrated the rock 16: the further the drill bit 10 penetrates, the higher the
resisting force, and vice versa. Thus, in practice, a reflected wave h comprising
both tensile and compression reflection components is reflected from the drill
bit 10. In the figures, tensile stress is marked with (+) and compression stress
with (-). The tensile reflection component (+) is always first in the reflected
wave h and the compression stress component (-) is second. This is due to the
fact that at the initial stage of the effect of the primary compression stress
wave p, the penetration and penetration resistance of the drill bit 10 is small,
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whereby the tensile reflection component (+) is formed. The initial situation
thus resembles the special situation described above, in which the drill bit 10
can move forward without a significant resisting force. At the final stage of the
effect of the primary compression stress wave p, however, the drill bit 10 has
already penetrated deeper into the rock 16, in which case the penetration re-
sistance is higher and the original compression stress wave p is no longer able
to substantially push the drill bit 10 forward and deeper into the rock 16. This
situation resembles the second special case described above, in which the
progress of the drill bit 10 into the rock 16 is prevented. This thus generates a
reflected compression stress wave (-) that follows immediately after the tensile
stress wave (+) reflected first from the drill bit 10.

[0024] The propagating stress wave generated with the percussion
device 7 to the tool 8 thus propagates from the first end 8a, i.e. the percussion
device end, of the tool to the second end 8b, i.e. drill bit end, of the tool, and
again back to the first end 8a of the tool. The stress wave then propagates a
distance that is twice the length of the tool 8. According to the idea of the in-
vention, the impact frequency of the percussion device 7 is arranged so that
the percussion device 7 provides a new impact pulse at substantially the mo-
ment when one of the reflected waves of the earlier stress waves reaches the
first end 8a of the tool 8.

[0025] When defining the back-and-forth distance travelled by the
stress wave, the length of the drill bit 10 can be ignored, because the axial
length of the drill bit 10 is very small in relation to the total length of the tool 8.
The drill shank 13 is typically longer, so its length can be taken into account.

[0026] Next, the invention will be described using formulas (1), (2)
and (3).

[0027] The propagation time of the stress wave from the first end of
the tool to the second end and back can be calculated with the following for-
mula:

t, = Z(LShank + nLRad) _ 2L, (1)

k
C C

[0028] In this formula, Lsnan is the length of the drill shank, and Lrog
is the length of one drill rod. The total length of the tool is L, when n is the
number of drill rods. C is the propagation velocity of the stress wave in the tool.
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The propagation time t of the stress wave thus depends on the total length Lyt
of the tool and the propagation velocity ¢ of the stress wave in the material of
the tool.

[0029] Further, it is possible to calculate the frequency on the basis
of the propagation time t, of the stress wave by using the following formula:

) C
= 2
fk 2(LShrmk + nLRO(] ) ( )

[0030] It should be noted that the frequency fi is not the axial natu-
ral frequency of the drill rod, but the frequency f« depends only on the total
length of the tool and the propagation velocity of the stress wave.

[0031] According to the idea of the invention, the impact frequency
fy of the percussion device can be set proportional to the propagation time of
the stress wave. The impact frequency then complies with the following for-
mula:

c
fp=m eqg m=.,V Y V1234 (3)
0 2(L Shank +I7LRO(/) A A 2

[0032] In formula (3), m is a frequency coefficient that is a quotient
or multiple of two integers.

[0033] When the frequency coefficient m is a quotient of two inte-
gers, it should be noted that the numerator may also be other than 1. The
value of the denominator indicates how many times the stress wave propa-
gates back and forth in the tool until a new primary compression stress wave is
summed to it. In practice, the maximum value of the denominator is 4.

[0034] Thus, in practice, formula (3) means that, in the drilling, an
impact frequency is used that is proportional to the propagation time of the
stress wave in the tool. This way, a new compression stress wave can be gen-
erated to the tool so that it sums with the tensile stress component of the re-
flected wave. As shown in Figure 2b, when the reflected stress wave h reaches
the first end 8a of the tool, the tensile stress component (+) cannot be transmit-
ted to the percussion device, because the first end 8a of the tool is free. There-
fore, the tensile stress component (+) reflects back from the first end 8a of the
tool as a compression stress component (-) toward the drill bit 10. By means of
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the percussion device, a new compression stress wave p is summed to the
compression stress component reflected from the first end 8a of the tool. The
generated sum wave pyot of the compression stresses has a higher energy con-
tent than a mere compression stress wave p. Further, the energy content of
the reflected compression stress component is so low that it alone cannot
break rock. All in all, it is a question of the correct timing of the impact pulses
generated with the percussion device 7 in relation to the reflected tensile stress
components (+).

[0035] Figure 2e shows a few examples of the shapes of the sum
wave pit. By advancing or delaying the generation of the new compression
stress wave in relation to the arrival of the tensile reflection component, it is
possible to affect the shape of the sum wave py. In practice, the shape of the
sum wave pi is affected by fine-adjusting the impact frequency. If the impact
frequency is set higher than the setting defined on the basis of the drilling
equipment, the leftmost sum wave pyr of Figure 2e is obtained, which is pro-
gressive in shape. If the impact frequency is set to be lower than the defined
setting, the longer sum wave pr2 is obtained, shown on the right in Figure 2e.
In the latter case, the compression stress wave generated with the percussion
device attaches to the rear of the reflected compression stress component.
Figure 2b also shows the shape of the sum wave pit corresponding to the set-
ting.

[0036] Figures 3 to 6 show the principle of extension rod drilling. In
such a case, the tool 8 comprises two or more extension rods 17a to 17c that
are joined together with couplings 18a, 18b. The coupling 18 generally has
connection threads to which the extension rods 17 are connected. The cou-
pling 18 can be part of the extension rod 17. The connected extension rods 17
are typically substantially equal in length. One problem with extension rod drill-
ing is that the tensile stress component (+) reflected from the second end 8b of
the tool 8 may damage the coupling 18 and especially the connection threads
thereof. By means of the invention, the impact frequency of the percussion de-
vice 7 can be set so that the primary compression stress wave p is always at
the coupling 18 substantially simultaneously with the reflected tensile stress
component (+). The effects of the primary compression stress wave p and the
tensile stress component (+) are then summed at the coupling 18, which en-
sures that no tensile stress is directed to the coupling 18. Thus, the durability
of the couplings 18 and extension rods 17 can be better than before. Because
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the primary compression stress wave p may be rather long, the compression
stress wave p and the reflected wave h do not need to be at the coupling 18 at
exactly the same time, but it is enough that the compression stress wave p still
affects the connection point when the tensile stress component (+) of the re-
flected wave h reaches it.

[0037] In extension rod drilling, the impact frequency of the percus-
sion device 7 can be set proportional to the propagation time of the stress
wave by using the following formula:

C
= 4
fD Q‘L Rod ( )

[0038] The impact frequency is thus set to correspond to the length
Lrog Of one extension rod 17. Further, the length of the drill shank 13 can be
ignored, because the length of the drill shank 13 is small in relation to the
length of the extension rod 17.

[0039] Next, the propagation of stress waves in extension rod drill-
ing is described in more detail and with reference to Figures 3 to 6. In Figure 3,
drilling has just been started and the first compression stress wave p1 gener-
ated with the percussion device 7 has already reached the third extension rod
17c. The second stress wave p2, third stress wave p3, and the stress waves
after that are generated according to formula (4), i.e. the impact frequency of
the percussion device 7 is arranged proportional to the propagation time of the
stress wave. The first reflected wave h1 reflected from the second end 8b of
the tool 8 then propagates to the second coupling 18b substantially simultane-
ously with the second compression stress wave p2. This is illustrated in Figure
4. Further, in the situation of Figure 5, the first reflected wave h1 has already
reached the first coupling 18a, as has the third compression stress wave p3
propagating from the opposite direction. In Figure 6, the second reflected wave
h2 has propagated to the second coupling 18b substantially simultaneously
with the third compression stress wave p3. Every time a reflected wave h com-
prising a tensile stress component (+) has propagated to a connection, a com-
pression stress wave p propagating from the opposite direction also affects the
connection point, as a result of which the compression stress wave p cancels
the tensile stress component (+).
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[0040] Figures 7 to 9 show a few percussion devices 7, in which the
impact frequency can be affected by adjusting the rotation or turning of a con-
trol valve 19 around its axis. With the percussion devices of Figures 7 to 9, it is
possible to achieve a very high impact frequency. The impact frequency can
be over 450 Hz, even over 1 kHz.

[0041] The percussion device 7 of Figure 7 has a frame 20 with a
stress element 21 inside it. The percussion device further has a control valve
19 that is rotated around its axis with a suitable rotating mechanism or turned
back and forth relative to its axis. The control valve 19 may have alternate
openings 22 and 23 that open and close connections to a supply channel 24
and correspondingly discharge channel 25. The frame 20 of the percussion
device may further have a first pressure-fluid space 26. The percussion device
may also have a transmission element, such as a transmission piston 27. The
basic principle of this percussion device 7 is that the strain and release of the
stress element 21 is controlled using the control valve 19 so that impact pulses
are generated. To strain the stress element 21, a pressure fluid supply channel
24 may be led from a pump 28 to the openings 22 in the valve 19. When the
control valve 19 rotates, the openings 22 arrive one at a time at the supply
channel 24 of pressure fluid and allow pressure fluid to flow through to the
pressure fluid space 26. As a result of this, a transmission piston 27 can push
against the stress element 21, whereby the stress element 21 compresses. As
a result of the compression, energy is stored in the transmission piston 27,
which endeavours to push the transmission piston 27 toward the tool 8. When
the control valve 19 turns in the direction indicated by arrow A, a connection is
opened from the pressure fluid space 26 through the openings 23 to the dis-
charge channel 25, whereby the pressure fluid in the pressure fluid space 26
can flow quickly into a pressure tank 29. When pressure fluid exits from the
pressure fluid space 26, the stress element 21 is released and the force gen-
erated by the stress compresses the tool 8. The energy stored in the stress
element 21 transmits as a stress pulse into the tool 8. The stress element 21
and transmission piston 27 may be separate pieces, in which case the stress
element 21 may be made of a solid material or it may be formed by pressure
fluid in a second pressure-fluid space 30. If the stress element 21 is made of a
solid material, it may be integrated to the transmission piston 27.

[0042] Figure 8 shows one embodiment of the percussion device 7
of Figure 7, in which pressure fluid is fed directly, without the control of the
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control valve 19, from the pump 28 along the supply channel 24 to the first
pressure-fluid space 26. In such a case, it is enough that the control valve 19
has openings 23 for allowing the pressure fluid from the pressure fluid space
26 to the discharge channel 25. Thus, this solution only controls the pressure
release of the pressure fluid from the first pressure-fluid space 26 at a suitable
frequency to generate stress pulses to the tool 8.

[0043] Figure 9 shows a percussion device that has a second pres-
sure-fluid space 30 that may be connected through a channel 31 to a pressure
source 32 so that pressure fluid can be fed to the pressure fluid space 30. In
this solution, the pressure fluid in the second pressure-fluid space 30 may
serve as the stress element 21. The transmission piston 27 or the like may
separate the first pressure-fluid space 26 and the second pressure-fluid space
30 from each other. The pump 28 can feed pressure fluid through the control
valve 19 to the first pressure-fluid space 26. The control valve 19 may be ar-
ranged to open and close the connection from the first pressure-fluid space 26
to the supply channel 24 and, on the other hand, to the discharge channel 25.
The pumps 28 and 32 may also be connected to each other. When pressure
fluid is, controlled by the control valve 19, fed to the first pressure-fluid space
26, the transmission piston 27 moves in the direction indicated by arrow B to
its backmost position, whereby pressure fluid exits from the second pressure-
fluid space 30. After this, the control valve 19 turns relative to its axis into a
position, in which pressure fluid can flow fast from the first pressure-fluid space
26 to the discharge channel 25. The pressure acting in the second pressure-
fluid space 30 and the pressure generated by the pump 32 then act on the
transmission piston 27 and generate a force, as a result of which the transmis-
sion piston 27 pushes toward the tool 8. The transmission piston 27 com-
presses the tool 8, as a result of which an impact pulse is generated to the tool
8 to propagate as a compression stress wave p through the tool 8. A reflected
pulse h from the rock being drilled propagates through the tool 8 back toward
the percussion device 7. This reflected pulse endeavours to push the trans-
mission piston 27 in the direction indicated by arrow B, whereby energy of the
reflected pulse is transmitted to the pressure fluid in the second pressure-fluid
space 30. The amount of the pressure fluid fed into the second pressure-fluid
space 30 can then be small, in which case the impact pulse can be generated
using a small amount of in-fed energy.
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[0044] In the solutions of Figures 7 to 9, the control valve 19 can be
rotated or turned around its axis by means of a rotating motor 33, for instance,
which may be pressure medium-operated or an electric device, and it may be
connected to act on the control valve 19 through suitable transmission ele-
ments, such as gearwheels. Differing from the solutions shown in Figures 7 to
9, the rotating motor 33 may be integrated to the control valve 19. The move-
ment of the control valve 19 can be relatively exactly controlled by means of
the rotating motor 33, whereby the adjustment of the impact frequency of the
percussion device 7 is also exact. Thus, impact pulses can be generated ac-
cording to the invention by using exactly the correct impact frequency that de-
pends on the length of the used drilling equipment. An exact adjustment of the
impact frequency also makes it possible to fine-adjust the impact frequency
and to affect the shape of the sum wave. In addition, the adjustment of the im-
pact frequency and the impact energy may be stepless. The adjustment of the
impact frequency and the impact energy may be done separately. This means
that the impact frequency and the size of impact energy may both separately
be set to a desired value.

[0045] The impact frequency used in drilling can be measured in
many different ways. Figure 7 shows one possibility, i.e. the stress wave
propagating in the tool 8 or drill shank 13 can be detected by means of a suit-
able coil 34. Figures 8 and 9, in turn, describe measuring by means of suitable
sensors 35 the pressure or pressure flow of at least one pressure fluid channel
or pressure fluid space of the percussion device and transmitting the measur-
ing information to the control unit 12 of the percussion device, which has
means for processing measuring results. On the basis of the pulse in the
measuring results, the control unit 12 can analyze the impact frequency of the
percussion device 7. It is also possible to measure the turning or rotating
movement of the control valve 19 shown in Figures 7 to 9 and to determine the
used impact frequency based thereon. In addition to the above-mentioned so-
lutions, it is also possible to determine the impact frequency by measuring
other physical phenomena, which indicate the formation of impact pulses, from
the percussion device or the means belonging thereto. Thus, it is also possible
to utilize for instance piezoelectric sensors, acceleration sensors and sound
detectors in measuring the impact frequency.

[0046] It is also possible to determine the propagation time of the
stress waves in manners other than the mathematical way described above by
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means of the length of the tool 8 and the propagation velocity of the stress
wave. The percussion device 7 may comprise one or more Sensors or measur-
ing instruments for measuring the reflected wave h returning from the second
end 8b of the tool. On the basis of the measuring results, the control unit 12
may determine the propagation time of the waves in the tool and adjust the
impact frequency.

[0047] A control strategy of the invention may further be set in the
control unit 12 of the percussion device to take into account the measured im-
pact frequency and the used drilling equipment and to automatically adjust the
impact frequency according to the idea of the invention. The adjustment of the
impact frequency may also be done manually, whereby the control unit 12 of
the percussion device informs the used impact frequency to the operator and
the operator manually adjusts the impact frequency so that it, in the manner of
the invention, depends on the used drilling equipment. The operator may have
tables or other auxiliary means that indicate the impact frequency to be used in
drilling with tools of different lengths. Otherwise, the information on exact im-
pact frequencies can be stored in the control unit 12, from which the operator
can fetch them. The control unit 12 can also guide the operator in adjusting the
correct impact frequency. It is further possible that a manipulator of an exten-
sion rods is arranged to detect an identifier in the extension rod and to indicate
to the control unit the total length of the tool used at each time and the length
of each extension rod.

[0048] It should be noted that, for the sake of clarity, Figure 9 does
not show the means for rotating or turning the control valve 19, the control unit,
or the means for measuring the impact frequency.

[0049] The invention can be applied to both a pressure fluid-
operated and electrically operated percussion device. It is not essential for the
implementation of the invention, what type of percussion device generates the
compression stress waves propagating in the tool. The impact pulse is a short-
term force effect provided by a percussion device to generate a compression
stress wave to a tool.

[0050] The method of the invention can be performed by running a
computer program in one or more computer processors belonging to the con-
trol unit 12. A software product that executes the method of the invention can
be stored in a memory of the control unit 12, or the software product can be
loaded to the computer from a memory means, such as CD-ROM disk. Fur-



10 Jun 2008

2005259128

16

ther, the software product can be loaded from another computer through an
information network, for instance, to a device belonging to the control system
of a mining vehicle.

[0051] The table of Figure 10 shows some impact frequency set-
tings for a few tool lengths and some typical multiples thereof. As an example,
it can be mentioned that if the impact frequency range of a percussion device
is 350 to 650 Hz, it is possible to select from the table suitable frequencies that
are shown framed in table 10. The value of the denominator of the frequency
coefficient indicates how many times a stress wave propagates back and forth
in a tool until a new primary compression stress wave is summed to it. The
smaller the denominator value, the less the reflected stress wave loads the
tool. Therefore, in selecting the frequency coefficient, one should prefer values,
in which the denominator of a quotient has as small a value as possible.

[0052] It should be noted that when using the invention, it is possi-
ble to utilize various combinations and variations of the features described in
this application.

[0053] The percussion device of the invention can be used not only
in drilling, but also in other devices utilizing impact pulses, such as breaking
hammers and other breaking devices for rock material or other hard material,
and pile-driving devices, for instance.

[0054] 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.

[0055] In the claims which follow and in the preceding description of
the invention, except where the context requires otherwise due to express lan-
guage or necessary implication, the word “comprise” or variations such as
“comprises” or “comprising” is 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.

N:\Melbourne\Cases\Patent\7 1000-71999\P7 1184 AU\Specis\P71164.AU 2040791PC.doc.10-Jun-08
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method for controlling a percussion device, the method com-
prising:

providing impact pulses with the percussion device during drilling to
a tool connectable to a rock-drilling machine; and generating a compression
stress wave to the tool to propagate at a wave propagation velocity dependent
on the tool material from a first end to a second end of the tool, with at least
some of the compression stress reflecting back from the second end of the tool
as a reflected wave that propagates toward the first end of the tool; and

controlling the percussion device in the rock-drilling machine and its
impact frequency;

characterized by

setting the impact frequency of the percussion device proportional to
the propagation time of the stress waves that depends on the length of the
used tool and the propagation velocity of the wave in the tool material;

generating with the percussion device a new compression stress
wave to the tool when the reflected wave from one of the previous compres-
sion stress waves reaches the first end of the tool; and

summing the new compression stress wave and the reflected wave
to produce a sum wave that propagates in the tool at the propagation velocity
of the wave toward the second end of the tool.

2. A method as claimed in claim 1, characterized by

adjusting the shape of the sum wave by fine-adjusting the impact
frequency, and

in the fine-adjustment, advancing or delaying the generation of the
new impact pulses from the setting of the impact frequency, which is defined
proportional to the propagation time of the stress waves, whereby the fine-
adjustment affects the summing of the new compression stress wave and re-
flected wave (h) and, thus, also the shape of the sum wave.

3. A method as claimed in claim 1 or 2, characterized by

using in drilling a tool that comprises at least two extension rods that
are connected to each other with a coupling,

N:\Melbourne\Cases\Patent\71000-71899\P7 1164.AU\Specis\P71184.AU 2040791PC.doc.10-Jun-08
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setting the impact frequency of the percussion device to correspond
to the propagation time of a stress wave from one end of an extension rod to
the other and back,

timing by means of the impact frequency a compression stress
wave propagating toward the second end of the tool and a reflected wave
propagating in the opposite direction to reach the connection point of the ex-
tension rods substantially simultaneously, and

summing at the connection point the compression stress wave and
reflected wave, whereby the tensile stress component in the reflected wave is
cancelled by the compression stress wave.

4. A method as claimed in any one of the preceding claims, charac-
terized by
using an impact frequency that is at least 100 Hz.

5. A software product for controlling percussion rock drilling, the
execution of which software product in a control unit controlling the rock drilling
is arranged to perform at least the following action:

to control the percussion device in the rock-drilling machine during
drilling to provide impact pulses to a tool connectable to the rock-drilling ma-
chine, whereby a compression stress wave is arranged to form in the tool to
propagate at a propagation velocity dependent on the tool material from a first
end to a second end of the tool, with at least some of the compression stress
reflecting back from the second end of the tool as a reflected wave that propa-
gates toward the first end of the tool; and further

to control the impact frequency of the percussion device,

characterized in that

the execution of the software product is arranged to set the impact
frequency of the percussion device proportional to the propagation time of the
stress waves.

6. A software product as claimed in claim 5, characterized in that

the execution of the software product is arranged to mathematically
determine the propagation time of stress waves in the tool in response to re-
ceiving length and material information on the tool.

N:WMelbourne\Cases\Patent\7 1000-71999\P7 11684.AU\Specis\P71184 AU 2040791PC.doc.10-Jun-08
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7. A percussion device comprising:

means for generating a impact pulse to a tool, whereby a compres-
sion stress wave caused by the impact pulse is arranged to propagate from a
first end to a second end of the tool, and at least some of the compression
stress wave reflects back from the second end of the tool as a reflected wave
and propagates toward the first end of the tool;

a control unit for controlling the impact frequency of the percussion
device; and

means for defining at least the impact frequency of the percussion
device,

characterized in that

the control unit is arranged to set the impact frequency proportional
to the propagation time of the stress waves that depends on the length of the
used tool and the propagation velocity of the wave in the tool material.

8. A percussion device as claimed in claim 7, characterized in that

the control unit is arranged to mathematically determine the propa-
gation time of the stress waves in the tool after the control unit has been given
length and material information on the tool.

9. A percussion device as claimed in claim 7 or 8, characterized in
that

connected to the percussion device, there is a tool having at least
two extension rods that are connected to each other with a coupling,

the control unit is arranged to set the impact frequency of the per-
cussion device to correspond to the propagation time of a stress wave from
one end of an extension rod to the other, whereby a compression stress wave
propagating toward the second end of the tool and a reflected wave propagat-
ing in the opposite direction are arranged to act substantially simultaneously at
the connection point of the extension rods.

10. A percussion device as claimed in any one of claims 7 to 9,
characterized in that

the percussion device has means for utilizing the energy in the
compression stress component of the reflected wave in generating new impact
pulses.

N:\Melbourne\Cases\Patent\71000-719989\P7 1164 AU\Specis\P71164 AU 2040791PC.doc.10-Jun-08
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11. A percussion device as claimed in any one of claims 7 to 10,
characterized in that |

the control unit is arranged to fine-adjust the impact frequency to af-
fect the shape of the stress wave propagating toward the second end of the
tool, and

in said fine-adjustment, the control unit is arranged to either ad-
vance or delay the impact frequency from the setting defined proportional to
the propagation time of the stress waves.

12. A percussion device as claimed in any one of claims 7 to 11,
characterized in that

the impact pulses are arranged to be generated in the percussion
device directly from hydraulic pressure energy without a percussion piston.

13. A percussion device comprising:

means for generating a impact puise to a tool, whereby a compres-
sion stress wave caused by the impact pulse is arranged to propagate from a
first end to a second end of the tool, and at least some of the stress wave re-
flects back from the second end of the tool as a reflected wave and propagates
toward the first end of the tool;

means for controlling the impact frequency of the percussion device;
and

means for defining the impact frequency of the percussion device,

characterized in that

the percussion device comprises means for steplessly and sepa-
rately controlling the impact frequency and impact energy, and

the impact frequency of the percussion device is arranged propor-
tional to the propagation time of the stress waves that depends on the length
of the used tool and the propagation velocity of the wave in the tool material.

14. A percussion device as claimed in claim 13, characterized in
that

the impact pulses are arranged to be generated in the percussion
device directly from hydraulic pressure energy without a percussion piston.

N:\Melbourne\Cases\Patent\7 1000-71998\P7 1164 AU\Specis\P71184 AU 2040791PC.doc.10-Jun-08
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15. A method for controlling a percussion device, substantially as
herein described with reference to the accompanying drawings.

16. A software product for controlling percussion rock drilling, sub-
stantially as herein described with reference to the accompanying drawings.

17. A percussion device, substantially as herein described with ref-
erence to the accompanying drawings.

N:\Melbourne\Cases\Patent\71000-71998\P71184.AU\Specis\P71164 AU 2040791PC.doc.10-Jun-08
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Tool Impact frequency settings with various multiples according to tool length [HZ]
length | 174 1/3 172 2/3 3/4 1 5/4 473 3/2 5/3 714 |2
[feet]
4 332 709 | 1064 | 1419 | 1596 | 2128 | 2661 | 2838 | 3193 | 3547 | 3725 | 4257
5 426 568 | 851 | 1135 | 1277 | 1703 | 2128 [2270 | 2554 | 2838 | 2980 | 3406
6 355 473 709 946 1064 | 1419 | 1774 | 1892 | 2128 | 2365 | 2483 | 2838
7 304 405 608 811 912 1216 | 1520 {1622 | 1824 | 2027 | 2128 | 2433
8 266 355 |532 §709 [798 [1064 | 1330 | 1419 [ 1596 | 1774 | 1862 | 2128
9 236 315 | 473 Je631 709 [946 | 1182 | 1261 | 1419 | 1577 | 1655 | 1892
10 213 284 426 568 639 851 1064 | 1135 | 1277 | 1419 | 1490 | 1703
11 193 258 1387 t516 |580 [774 | 967 11032 | 1161 | 1290 | 1354 | 1548
12 177 236 |1 355 F473 (532 [709 [ 887 946 | 1064 | 1182 | 1242 | 1419
13 164 218 327 437 491 655 819 873 982 1092 | 1146 | 1310
14 152 203 304 405 456 608 760 811 912 1014 | 1064 | 1216
15 142 189 284 378 426 568 709 757 851 946 993 1135
16 133 177 | 266 [355 [399 [532 Je665 1709 |798 [887 {931 | 1064
17 125 167 250 334 376 501 626 668 751 835 876 1002
18 118 158 | 236 [315 [355 J473 }591 631 | 709 |788 | 828 | 946
19 112 149 224 299 336 448 560 597 672 747 784 896
20 106 142 [213 |284 [319 Y426 1532 (568 [639 1709 745 |851
21 101 135 203 270 304 405 507 541 608 676 708 811
22 97 129 193 258 290 387 484 516 580 645 677 774
23 - 123 185 247 278 370 463 494 555 617 648 | 740
24 - 118 177 236 266 355 443 " | 473 532 591 621 709
25 - 114 170 227 255 341 426 454 511 568 596 681
26 == 109 164 218 246 327 409 437 491 546 573 655
27 - 105 158 210 236 315 394 420 473 526 552 631
28 - 101 152 203 228 304 380 405 456 507 532 608
29 - - 147 196 220 294 367 391 440 489 514 587
30 - - 142 189 213 284 355 378 426 473 497 568

FIG. 10
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