US 20100059610A1

a9y United States
a2 Patent Application Publication o) Pub. No.: US 2010/0059610 A1
Lehtonen et al. (43) Pub. Date: Mar. 11, 2010
(54) CRUSHER AND CONTROL METHOD FOR A Publication Classification
CRUSHER (51) Int.CL
(75) Inventors: Tommi Lehtonen, Tampere (FI); Bo2¢ 25/00 (2006.01)
. i GO6F 19/00 (2006.01)
Taplo POtlla, Pirkkala (FD B02C 2/00 (200601)
Correspondence Address: (52) US.CL .o, 241/30; 241/33; 700/275
OLIFF & BERRIDGE, PL.C (57) ABSTRACT
P.0. BOX 320850
ALEXANDRIA, VA 22320-4850 (US) A method for controlling the crusher, which crusher com-
o P prises at least a frame (6), a crushing means (4) with a cycle,
(73)  Assignee: Metso Minerals Inc., Helsinki (FI) as well as an actuator (10) for moving the crushing means. In
' ’ the method, at least first data is determined, which is at least
(21) Appl. No.: 12/450,609 one of the following: the power input in the actuator, the
crushing force, the particle distribution of the crushed mate-
(22) PCT Filed: Apr. 5, 2007 rial produced by the crusher, or the quantity of crushed mate-
rial produced by the crusher. The cycle frequency of the
. crushing means (4) is controlled on the basis of the first data.
(86) PCT No.: PCT/F12007/050193 g
The invention also relates to a crusher, in which the cycle
§ 371 (c)(1), frequency of the crushing means (4) is adjusted according to
(2), (4) Date: Nov. 4, 2009 control data from the control unit (14).
1
3

N | B
W | N =
§§ +<~;§ \é : T
_§ H 2
6 N i H
2 ESSS =k



Patent Application Publication = Mar. 11,2010 Sheet 1 of 7 US 2010/0059610 A1

1
\ 3
7
4 ) 5
8
-
S$
|
L !
\i I é i
VNV
NN L NNYZ
AW 1 2
6 \/
s;‘l«(‘:-:lk\i\‘.\\ i ‘
2 g .::::':’::,,/////"f/.,. |
: S
o |
9



Patent Application Publication

Mar. 11, 2010 Sheet 2 of 7

10 fe—

13

12

«— 11

US 2010/0059610 A1

14

Fig. 2



Patent Application Publication = Mar. 11,2010 Sheet 3 of 7 US 2010/0059610 A1

1000

900

800 T~

700 \
o \ \\ | MEASUREMENT 2

400

— MEASUREMENT 1

Crushing force

300

200

100

330 350 370 390 410 430 450 470
RPM

Fig. 3



Patent Application Publication = Mar. 11,2010 Sheet 4 of 7 US 2010/0059610 A1

180
140
P
5 120
5 100
3
O 80
m
o — 0/4 CAP
40 T
20
0
330 350 370 390 410 430 450 470
RPM
Fig. 4
300 29
« 200 MEASUREMENT 1
0]
% \ 422
O 1
150
ﬁ L MEASUREMENT 2
= —+1.9
[&] )
cg_ 100
O]
O
50 1.8
0 1,7
330 380 430

RPM

Fig. 5



Patent Application Publication = Mar. 11,2010 Sheet 5 of 7 US 2010/0059610 A1

Percentage A

100
80

Size 60

distribution
of crushed
material

Grain size

Fig. 6

Percentage A
100

80

Size 60

distribution

of crushed

material
20

0

Grain size

Fig. 7



Patent Application Publication = Mar. 11,2010 Sheet 6 of 7 US 2010/0059610 A1

Crusher capacity

I
!
|
[
I
|
!
I
I
|
I

n

Cycle frequency

Fig. 8



Patent Application Publication =~ Mar. 11,2010 Sheet 7 of 7

Determine input
power and/or
crushina force

Value exceeds

force?

Valug is below

allowed input power and/or
crushing force?

Fig. 9

allowed input power and/or crushing

US 2010/0059610 A1
YES
Increase frequency »
YES
Reduce
frequency




US 2010/0059610 Al

CRUSHER AND CONTROL METHOD FOR A
CRUSHER

FIELD OF THE INVENTION

[0001] The invention relates to a crusher according to the
preamble of the appended claim 1. The invention also relates
to a method for controlling a crusher according to the pre-
amble of claim 8.

BACKGROUND OF THE INVENTION

[0002] The invention relates to crushers and preferably
cone and gyratory crushers, but the arrangement can also be
used in other crushers, such as impact and jaw crushers.
Typically, cone and gyratory crushers are used for intermedi-
ate and fine crushing of material, such as rock. Cone crushers
comprise a vertical eccentric shaft and an oblique inner hole
fitted therein. A main shaft, to which a supporting cone is
often fastened, is fitted in the hole. The supporting cone is
surrounded by the frame of the crusher, to which has been
mounted a means called an outer crushing blade and func-
tioning as a wearing part. To the supporting cone, in turn, has
been mounted a means called an inner crushing blade and
used as a wearing part. The inner crushing blade and the outer
crushing blade together form a crushing chamber, in which
the feed material is crushed. When the eccentric shaft is
rotated, the main shaft and thereby the supporting cone are
entrained in an oscillating motion, wherein the gap between
the inner and outer crushing blades varies at each point during
the cycle. The smallest gap occurring during the cycle is
called the setting of the crusher, and the difference between
the maximum and the minimum of the gap is called the stroke
of the crusher. By the crusher setting and the crusher stroke it
is possible to influence, among other things, the grain size
distribution of the crushed material and the production capac-
ity of the crusher.

[0003] The main shaft of a typical cone crusher is bearing-
mounted below the crushing cone only. In some crushers, the
main shaft of the crusher is further supported at its upper end
to the frame by means of an upper thrust bearing. It is this
subtype of a cone crusher that is normally called a gyratory
crusher.

[0004] To increase the efficiency of the crushing process
and the utilization degree of the crusher, the operation of the
crusher must be adjusted, as the quality and quantity of the
material to be crushed vary. In typical cone crushers, the
operation is adjusted by controlling the settings of the blades
of the crusher. In solutions of prior art, the settings are
adjusted on the basis of the power consumption (input power)
and/or the crushing force. However, such an adjustment of the
crusher is difficult or is not necessarily possible at all in
crushers in which long strokes are used.

[0005] The gyratory crusher can normally be adjusted by
means of a hydraulic system in such a way that the main shaft
can be moved in the vertical direction with respect to the
frame of the crusher. This makes it possible to change the
setting of the crusher in such a way that the grain size of the
crushed material corresponds to the grain size desired at each
time, and/or to keep the setting constant as the crushing
blades are worn. In cone crushers of other types, the adjust-
ment may also be made by lifting and lowering the upper
frame of the crusher and the crushing blade mounted on it, in
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relation to the lower frame of the crusher and the main shaft
which is stationary with respect to the lower frame in the
vertical direction.

[0006] It has also been found that the adjustment of the
settings made on the basis of the power consumption and/or
the crushing force cannot be used to influence the grain size of
the crushed material in a desired way. For example, the adjust-
ment has influenced small grain sizes more strongly and
larger grain sizes less strongly. For this reason, there has been
a need for the further development of control arrangements.

BRIEF SUMMARY OF THE INVENTION

[0007] Now, a solution has been found for controlling the
crusher so that it is possible to keep the efficiency of the
crushing process and the utilization degree of the crusher at a
high level, and the solution is applicable for crushers with
different strokes.

[0008] To achieve this aim, the crusher according to the
invention is primarily characterized in what will be presented
in the characterizing part of the independent claim 1. The
method according to the invention, in turn, is primarily char-
acterized in what will be presented in the characterizing part
of the independent claim 8. The other, dependent claims will
present some preferred embodiments of the invention.
[0009] Below in this description, the term cone crusher will
be used to refer to all crushers, in which material is crushed by
means of a cone, irrespective of the method of supporting the
cone and its shaft. In this context, a cone crusher will be used
as an example crusher, but the solution to be presented can
also be applied in other crushers, such as impact crushers and
jaw crushers. Thus, the crushing of the material is effected by
another crushing means than a crushing cone. In the descrip-
tion, however, the arrangements relating to the crushing cone
can also be applied in other movable crushing means.
[0010] In one embodiment of the invention, the idea is to
control the speed, or frequency, of the cycle of the crushing
means in The crusher, for example the crushing cone, on the
basis of the power input in the actuator moving the crushing
cone, and/or the crushing force of the crusher.

[0011] In another embodiment of the invention, the idea is
to control the cycle frequency of the crushing means of the
crusher on the basis of the particle distribution in the crushed
material produced by the crusher.

[0012] In one embodiment of the invention, the idea is to
control the cycle frequency of the crushing means of the
crusher on the basis of the quantity of the crushed material
produced by the crusher.

[0013] In one embodiment of the invention, the crusher
comprises at least a frame, a crushing means and an actuator
for moving the crushing means. Furthermore, the crusher
comprises measuring devices for measuring the power input
in the actuator and/or the crushing force. The crusher also
comprises a control unit for processing measurement data and
for generating control data. The control data is used for con-
trolling an adjusting device for adjusting the cycle frequency
of the crushing means.

[0014] In the method according to one embodiment of the
invention, in turn, the power input in the actuator and/or the
crushing force are determined, and this data is used for con-
trolling the cycle frequency of the crushing means. In one
embodiment, the cycle frequency is adjusted by controlling
the rotation speed of the actuator.

[0015] There is such a cycle frequency for the crushing
means of the crusher, at which maximum productivity and
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utilization degree can be achieved with the power available.
This cycle frequency depends, among other things, on the
quality and the input rate of the material to be crushed. The
cycle frequency is also affected by the grain size aimed at, as
well as the settings of the crusher.

[0016] In some applications, the aim is to determine the
lowest cycle frequency of the crushing means possible with
the power input of the crusher, in order to achieve a maximum
production of crushed material.

[0017] In one embodiment, the power input in the actuator
and/or the crushing force is determined continuously, and the
cycle frequency of the crushing means is controlled continu-
ously.

[0018] In one embodiment, the frequency of the crusher is
adjusted to adjust the particle size distribution of the crushed
material. The particle size distribution of the crushed material
is adjusted as desired by operating the crusher at various
frequencies.

[0019] In one embodiment, the cycle frequency of the
crushing means is adjusted by a frequency converter affecting
the rotation speed of the actuator.

[0020] In an embodiment, in which the adjustment of the
cycle frequency of the crushing means is performed continu-
ously, it is possible to achieve maximum production and
utilization degree even if the quality and/or quantity of the
material to be crushed varied to a great extent within a short
time.

[0021] Furthermore, the arrangement of adjusting the fre-
quency is substantially not dependent of the stroke of the
crusher. Thus, the adjusting arrangement according to the
invention can be applied in various crushers, such as, for
example, crushers with long and short strokes.

[0022] The solution of adjusting the frequency of the crush-
ing means can also be combined with other control arrange-
ments, such as the adjustment of the settings. In one embodi-
ment, the cycle frequency of the crushing means is changed,
if necessary, to correspond to the changed settings.

DESCRIPTION OF THE DRAWINGS

[0023] Inthe following, the invention will be described in
more detail with reference to the appended principle draw-
ings, in which

[0024] FIG. 1 shows a crushing unit of a gyratory crusher,
[0025] FIG.2 shows the main idea of a crusher according to
the invention in a reduced view,

[0026] FIG. 3 shows graphs illustrating how the crushing
force depends on the cycle frequency of the crushing cone,
[0027] FIG. 4 shows graphs illustrating how the production
ofthe crusher depends on the cycle frequency of the crushing
cone,

[0028] FIG. 5 shows graphs illustrating how the capacity of
the crusher and the power input in the actuator depend on the
cycle frequency of the crushing cone,

[0029] FIGS. 6 and 7 show the effect of the cycle frequency
on the grain size distribution of the crushed material,

[0030] FIG. 8 shows another graph illustrating how the
production of the crusher depends on the frequency of the
crushing cone, and

[0031] FIG.9 shows a control method in a flow chart.
[0032] For the sake of clarity, the figures only show the
details necessary for understanding the invention. The struc-
tures and details that are not necessary for understanding the
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invention but are obvious for anyone skilled in the art have
been omitted from the figures in order to emphasize the char-
acteristics of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0033] The invention will be described in more detail by
using a cone crusher as an example, but the arrangement to be
presented can also be applied to other crushers, such as
impact crushers and jaw crushers. In the description, how-
ever, the arrangements relating to the crushing cone can also
be applied to other movable crushing means, such as the
crushing jaws of a jaw crusher.

[0034] A cone crusher unit 1 shown in FIG. 1 comprises a
vertical eccentric shaft 2 and an oblique inner hole fitted
therein. A main shaft 3 is fitted in the hole inside the eccentric
shaft 2, and a supporting cone 4 is often mounted on the main
shaft 3. A means called an inner crushing blade 5 and used as
a wearing part has been mounted to the supporting cone 4.
The supporting cone 4 is surrounded by the frame 6 of the
crusher, on which has, in turn, been mounted a means called
an outer crushing blade 7 and functioning as a wearing part.
The inner and outer crushing blades 5, 7 together form a
crushing chamber 8, in which the feed material is crushed.
When the eccentric shaft 2 is rotated, the main shaft 3 and
thereby the supporting cone 4 are entrained in an oscillating
motion, wherein the gap between the inner crushing blade 5
and the outer crushing blade 7 varies at each point during the
cycle. The smallest gap occurring during the cycle is called
the setting S of the crusher, and the difference between the
maximum and the minimum of the gap is called the stroke of
the crusher. By the crusher setting S and the crusher stroke, as
well as the operating speed of the crusher, it is possible,
among other things, to influence the grain size distribution of
the crushed material and the production capacity of the
crusher.

[0035] In this description, the term “cycle frequency” is
used to define how fast the gap between the inner crushing
blade 5 and the outer crushing blade 7 varies at each point. For
example, when the frequency is 60, the inner crushing blade
5 moves 60 times per second between the extreme positions
of its path; in other words, there are 3600 cycles per minute.
[0036] FIG. 2 shows an actuator 10, such as an electric
motor, which produces the motion energy required by the
crushing unit 1. In the arrangement of FIG. 1, the movement
of the actuator 10 is transmitted by a drive shaft 9 to the
eccentric shaft 2. In the example, the actuator 10 receives
input from an adjusting device 11 which can be used to affect
the rotation speed of the actuator. In an advantageous embodi-
ment, the adjusting device 11 is a frequency converter which
is used to influence the frequency of the alternating current to
be supplied to the actuator 10 and thereby the rotation speed
of the electric motor.

[0037] FIG. 2 also shows, in principle, a first measuring
device 12 for measuring the power input in the actuator 10, as
well as a second measuring device 13 for measuring the
crushing force. The measuring devices 12, 13 can be imple-
mented in a variety of ways. For example, if the actuator 10 is
an electric motor, power measurement or current measure-
ment can be utilized for measuring the electric power input in
it. Also, the placement of the measuring devices 12, 13 is
dependent on the application. For example, the power of the
actuator 10 can be measured before or after the control unit
11. In one embodiment, the power measurement 12 is
arranged in connection with the control unit 11.
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[0038] Furthermore, the crushing force can be determined
and measured in a variety of ways and at different locations,
depending on the application. In some crushers, the crushing
force can be determined by means of devices used for adjust-
ing the setting. For example, the crushing force of a gyratory
crusher can be determined by measuring the pressure of the
control cylinder. Also, a cone crusher can be provided with a
cylinder whose pressure is proportional to the crushing force.
The crushing force can also be measured by measuring the
stress. For example, pressure measuring devices or stress
measuring devices can be used as the measuring devices 13.
[0039] Itis also possible that the measuring devices 12, 13
consist of several measurement sensors which possibly mea-
sure different variables. The data from these measurement
sensors is used for generating the data indicating the power
input in the actuator 10 and/or the crushing force.

[0040] FIG. 2 also shows a control unit 14, to which the data
from the first measuring device 12 and/or the second measur-
ing device 13 is transferred. The control unit 14 processes
measurement data from the first measuring device 12 and/or
the second measuring device 13, preferably by software. On
the basis of the data, the control unit 14 generates control data
for controlling the adjusting device 11. The adjusting device
11 controls the speed of the actuator 10, such as the rotation
speed of the electric motor. The motion generated by the
actuator 10 is transmitted by the drive shaft 9, the eccentric
shaft 2 and the main shaft 3 to the supporting cone 4, wherein
the cycle frequency of the supporting cone and the crushing
blades 5 changes when the speed of the actuator is changed.
[0041] Preferably, the power input in the actuator 10 and/or
the crushing force are determined continuously, and the rota-
tion speed of the actuator 10 and thereby also the cycle fre-
quency of the crushing cone 4 and the inner crushing blades 5
is controlled continuously. In this context, continuous deter-
mination and continuous control refers advantageously to
determination and control several times a second. In one
embodiment, the power input in the actuator 10 and/or the
crushing force are determined continuously as a chain of
events repeated at regular intervals, wherein the interval
between the moments of single determinations may be 1to 10
seconds. In a corresponding manner, in one embodiment, the
rotation speed of the actuator 10 is continuously controlled in
a chain of events repeated at regular intervals, wherein the
intervals between the moments of single controls may be 1 to
10 seconds.

[0042] To minimize the effects of differences in the single
measurements, it is possible to apply various operations of
statistical mathematics. For example, it is possible to calcu-
late the average for a given measurement period to be used as
a basis for generating the data for the adjustment.

[0043] FIG. 3 shows, inanexample, graphs illustrating how
the crushing force depends on the cycle frequency of the
crushing cone 4. The graphs of FIG. 3, as well as those of
FIGS. 4 and 5, are based on crushing operations with a test
apparatus, in which typical rock material was crushed to a
grain size of about 4 to 10 mm. As can beseen from F1G. 3, the
crushing force is reduced when the cycle frequency of the
crushing cone 4 is increased. The correlation between the
crushing force and the frequency is substantially linear.
[0044] FIG. 4 shows, in a corresponding manner, graphs
illustrating how the production of the crusher depends on the
cycle frequency of the crushing cone 4. The figure shows
separate graphs for crushed material with grain sizes of
smallerthan 4 mm, 4 to 10 mm, and greater than 10 mm. From
the figure, it can be seen that the production reduces as the
cycle frequency of the crushing cone 4 increases. Also this
correlation is substantially linear.
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[0045] FIG. 5, in turn, shows combined graphs illustrating
how the capacity of the crusher and the power input in the
actuator 10 are dependent on the cycle frequency of the crush-
ing cone 4. As can be seen from the figure, a high capacity is
achieved but more power is required at low cycle frequencies.
In a corresponding manner, less power is required but a lower
capacity is obtained at higher frequencies. Also these graphs
are substantially linear.

[0046] FIGS. 6 and 7 show how the frequency affects the
grain size distribution of the crushed material, the other
crushing conditions remaining constant. In FIG. 6, the fre-
quency is high, and in FIG. 7, the frequency is lower. When
the frequency is high, the crushed material comprises rela-
tively more small-sized particles than when the frequency is
lower.

[0047] FIG. 8, in turn, illustrates the correlation between
the capacity of the crusher and the cycle frequency of the
crushing means 4. It can be seen from the figure that there is
an optimum point n, at which the capacity of the crusher
reaches a maximum. If necessary, the optimum point n, can
be determined by experiments; in other words, by altering the
frequency and simultaneously observing the capacity of the
crusher. By examining the changes in the capacity, it is pos-
sible to determine the optimum point n, . Furthermore, there is
a frequency range n,-n,, within which the frequency should
be in practice, for the crusher to function as desired.

[0048] As seen in the above-presented FIGS. 3 to 8, there is
acycle frequency for the crushing cone 4, at which the highest
possible productivity and utilization degree are achieved with
the power available. This cycle frequency depends, among
other things, on the quality and the input rate of the material
to be crushed. The cycle frequency is also affected by the
grain size aimed at, as well as by the settings of the crusher.

[0049] InFIGS. 3 and 5, it can also be seen that the power
input in the actuator 10 and the crushing force of the crusher
behave essentially in a similar way when the cycle frequency
of the crushing cone 4 changes. For this reason, the adjust-
ment of the cycle frequency of the crushing cone 4 may be
based solely on the power input in the actuator 10 or the
crushing force. In one embodiment, the adjustment of the
cycle frequency of the crushing cone 4 is based both on the
power input in the actuator 10 and the crushing force of the
crusher, wherein, in some cases, a better usability is achieved
by monitoring several variables.

[0050] In many applications, the aim is to find the lowest
possible cycle frequency of the crushing cone 4 with the
power input of the crusher, because in this way, a high pro-
duction of crushed material is typically achieved.

[0051] In one embodiment, the lowest cycle frequency is
defined, at which the power input in the actuator 10 and/or the
crushing force remain below the maximum level. After this,
the cycle frequency is adjusted to the defined value. The
principle of this kind of an approach is shown in the flow chart
of FIG. 9.

[0052] In one embodiment, in turn, the highest available
power of the actuator is determined, and the cycle frequency
1s adjusted in such a way that the crushing force and/or the
power of the actuator 10 correspond substantially to said
highest available crushing force and/or power.

[0053] 1Inoneembodiment, the data (limit value) indicating
the highest available crushing force and/or power input in the
actuator 10 is in a computer program. Thus, the measurement
data is compared to the limit value by software, and the cycle
frequency is adjusted on the basis of the comparison. The
limit value can be determined for each application through
trial or by inputting the desired limit value separately.
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[0054] Inthe embodiment, in which the cycle frequency of
the crushing cone 4 is adjusted continuously, it is possible to
achieve a maximum production and utilization degree even if
the quality and/or the quantity of the material to be crushed
varied to a great extent within a short period of time.

[0055] The solution of adjusting the frequency of the crush-
ing cone 4 can also be combined with other control arrange-
ments, such as the adjustment of the settings. In one embodi-
ment, changing the settings of the crushing blades will affect
the power input in the actuator and/or the crushing force of the
crushing unit 1. When the solution of adjusting the frequency
of the crushing cone 4 is based on the power input in the
actuator and/or the crushing force of the crushing unit 1,
which are determined in a suitable way, the cycle frequency of
the crushing cone is changed, if necessary, to correspond to
the changed settings when the settings are changed.

[0056] In one embodiment, the frequency of the crusher is
adjusted to adjust the particle size distribution of the crushed
material. The particle size distribution of the crushed material
is adjusted as desired by operating the crusher at various
frequencies. For example, the frequency can be changed at
short intervals between two or more values. As seen in FIGS.
6 and 7, when the frequency increases, the proportion of small
particles in the crushed material increases, and in a corre-
sponding manner, when the frequency reduces, the propor-
tion of large particles in the crushed material increases. For
producing crushed material with a high content of large par-
ticles, it is possible to reduce the frequency. In a correspond-
ing manner, for producing crushed material with a high con-
tent of small particles, it is possible to increase the frequency.
The adjustment is based on determining the particle size
distribution of the crushed material produced by the crusher,
by means of a suitable measuring device 13. On the basis of
the measurement data from the measuring device 13, the
control unit 14 generates the control data for achieving the
desired particle size distribution. According to the control
data from the control unit 14, the cycle frequency of the
crushing means 4 is adjusted with a suitable adjusting device
11.

[0057] The above-described arrangement for adjusting the
frequency of the crushing blade 4 is suitable for use in various
cone crushers, such as, for example, crushers with a long
stroke or a short stroke, as well as in other crushers, such as,
for example, impact crushers and jaw crushers. The arrange-
ment for adjusting the frequency is substantially independent
of the stroke of the crusher, because the adjustment is advan-
tageously based on the crushing force and/or the power input
in the actuator 10, which are substantially not dependent on
the stroke of the crusher.

[0058] By combining, in various ways, the modes and
structures disclosed in connection with the different embodi-
ments of the invention presented above, it is possible to pro-
duce various embodiments of the invention in accordance
with the spirit of the invention. Therefore, the above-pre-
sented examples must not be interpreted as restrictive to the
invention, but the embodiments of the invention may be freely
varied within the scope of the inventive features presented in
the claims herein below.

1.-14. (canceled)

15. A method for controlling a crusher, in which method
the crusher comprises at least

a frame,

a crushing means with a cycle, as well as

an actuator for moving the crushing means,
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and in which method, a value of at least first data is defined,

which value is at least one of the following:

the power input in the actuator,

the crushing force,

the particle distribution of the crushed material produced

by the crusher, or

the quantity of the crushed material produced by the

crusher, and in which method an actual value of said data
is measured,

wherein the cycle frequency of the crushing means is sub-

stantially continuously adjusted in order to change the
measured value towards the defined value.

16. The method according to claim 15, wherein a particle
distribution and a cycle frequency range are defined and that
the cycle frequency is adjusted within the range in order to
achieve a particle distribution without exceeding any of the
defined values.

17. The method according to claim 15, wherein a cycle
frequency range is defined and that the cycle frequency is
adjusted within the range in order to achieve the maximum
quantity without exceeding any of the defined values.

18. The method according to claim 15, wherein the cycle
frequency of the crushing means is changed by a frequency
converter affecting the rotation speed of the actuator.

19. The method according to claim 15, wherein the highest
available power input in the actuator is determined and the
cycle frequency of the crushing means is adjusted in such a
way that the power input in the actuator substantially corre-
sponds to said highest available power.

20. The method according to claim 15, wherein the highest
available crushing force is determined and the cycle fre-
quency of the crushing means is adjusted in such a way that
the crushing force substantially corresponds to said highest
available power.

21. The method according to claim 20, wherein by increas-
ing the cycle frequency, the relative amounts of small par-
ticles in the crushed material are increased, and by reducing
the cycle frequency, the relative amounts of large particles in
the crushed material are increased.

22. A crusher, comprising at least

a frame,

a crushing means with a cycle, as well as

an actuator for moving the crushing means,

and which crusher comprises means for defining the value

of at least first data, which value is at least one of the
following:

the power input in the actuator,

the crushing force,

the particle distribution of the crushed material produced

by the crusher, or

the quantity of the crushed material produced by the

crusher

and which crusher comprises means for measuring the

actual value of said data, wherein the crusher comprises
adjusting means for adjusting substantially continu-
ously the cycle frequency of the movable crushing
means inorder to change the measured value towards the
defined value.

23. A computer software product stored on a medium,
which computer software comprises program code means
arranged to perform a method according to claim 15 when the
software is run in a data processing device.
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