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Description

Technical Field of the Invention

[0001] The present invention relates to a shell for use in a gyratory crusher, which shell has at least one support
surface, which is intended to abut against a shell-carrying member, and a first crushing surface, which is intended to be
brought into contact with a material that is supplied at the upper portion of the crusher and is to be crushed, and to crush
said material in a crushing gap against a corresponding second crushing surface on a second shell complementary with
the shell.
[0002] The present invention also relates to a method of producing a shell for use in a gyratory crusher, which shell
is of the above-mentioned kind.
[0003] The invention also relates to a gyratory crusher, which, on one hand, has a first shell, which has at least one
support surface, which is intended to abut against a first shell-carrying member, and a first crushing surface, and on the
other hand a second shell, which has at least one support surface, which is intended to abut against a second shell-
carrying member, and a second crushing surface, the first crushing surface and the second crushing surface being
arranged to be brought into contact with a material supplied at the upper portion of the crusher, which material is to be
crushed in a crushing gap between the crushing surfaces.

Background Art

[0004] Upon fine crushing of hard material, e.g. stone blocks or ore blocks, material is crushed that has an initial size
of approx. 100 mm or less to a size of typically approx. 0-25 mm. Fine crushing is frequently carried out by means of a
gyratory crusher. An example of a gyratory crusher is disclosed in US 4,566,638. Said crusher has an outer shell that
is mounted in a stand. An inner shell is fastened on a crushing head. The inner and outer shells are usually cast in
manganese steel, which is strain hardening, i.e., the steel gets an increased hardness when it is exposed to mechanical
action. The crushing head is fastened on a shaft, which at the lower end thereof is eccentrically mounted and which is
driven by a motor. Between the outer and the inner shell, a crushing gap is formed into which material can be supplied.
Upon crushing, the motor will get the shaft and thereby the crushing head to execute a gyratory pendulum motion, i.e.,
a motion during which the inner and the outer shell approach each other along a rotary generatrix and retreat from each
other along another diametrically opposite generatrix.
[0005] WO 93/14870 discloses a method to set the gap between the inner and the outer shell in a gyratory crusher.
Upon a calibration, a crushing head, on which the inner shell is mounted, is moved vertically upward until the inner shell
comes into contact with the outer shell. This contact, which is used as a reference upon setting of the width of the gap
between the inner and the outer shell, occurs at a point where the gap is most slender. In order to avoid that cast
remainders or other protruding objects affect the calibration, cast shells are subjected to a machining before they are
used. This machining means that the part of the shell that can be expected to contact an opposite shell during the
calibration, is made even.
[0006] It is a problem upon fine crushing of hard material by means of a gyratory crusher that a great share of the
crushed material has a larger size than what was intended. For this reason, a great part of the crushed material has to
be crushed one more time for achievement of the desired size.

Summary of the Invention

[0007] It is an object of the present invention to provide a shell for use upon fine crushing in a gyratory crusher, which
shell decreases or entirely eliminates the problems of the known technique.
[0008] This object is provided by means of a shell, which is of the kind mentioned by way of introduction and is
characterized in that the first crushing surface has a vertical height that extends upward from the outlet of the crushing
gap along the first crushing surface to the inlet of the crushing gap, the first crushing surface over at least 50 % of said
vertical height, from the outlet and upward along the first crushing surface, having been machined to a run-out tolerance,
which on each level along the machined part of the vertical height of the first crushing surface is maximum one thousandth
of the largest diameter of the first crushing surface, however maximum 0,5 mm.
[0009] It has turned out that by means of a shell of this type, the material that is supplied to a crusher, in which the
shell has been mounted, can be crushed to considerably smaller sizes. This entails an increased efficiency in the crushing
since less energy is consumed for the achievement of a certain quantity of crushed material having a certain size. The
mechanical load on the crusher will also become considerable less. For the achievement of this increased efficiency, at
least 50 % of the vertical height of the crushing surface according to the above has to be machined to small run-out
tolerance. Namely, it has turned out that the compression of the material that is to be crushed gives rise to a pressure,
which is very great up to said level on the crushing surface. Therefore, a larger run-out in the crushing surface somewhere
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along said 50 % of the vertical height of the crushing surface would entail a substantially increased mechanical load and
that the material cannot be crushed to equally small sizes. Upon machining of, for instance, only 10 % of the height of
the crushing surface, i.e., only in the area of the shortest distance between the inner and the outer shell, it is true that it
is possible to set an exact gap between the shells but no increase of efficiency is obtained. The interesting measure in
the invention is the run-out tolerance, which is to be viewed as a measure of roundness in combination with centring. A
crushing surface that has high roundness but is not centred will not entail any increased efficiency. The machined part
of the crushing surface has to be machined to a very small run-out tolerance in order to provide the increased efficiency
and the decreased mechanical load. Thus, the run-out must not anywhere along the machined part of the crushing
surface exceed 0,5 mm.
[0010] According to a preferred embodiment, said run-out tolerance is maximum 0,35 mm. Closed Side Setting (CSS)
is the shortest distance between the inner shell and the outer shell and is the shortest distance between the inner and
the outer shell that arises during the gyrating motion, more precisely when the inner shell "closes" against the outer
shell. A very small run-out tolerance is especially advantageous when very small shortest distances (CSS) between the
inner and the outer shell are utilized, for instance, when the shortest distance is approx. 4 to 8 mm. A very small run-
out tolerance, such as maximum 0,35 mm, makes it possible to provide a more slender gap than what previously has
been possible without the mechanical load during the crushing becoming too great. Even more preferred, the run-out
tolerance should be maximum 0,5 thousandths of the largest diameter of the first crushing surface, however maximum
0,25 mm.
[0011] Preferably, the first crushing surface has been machined to said run-out tolerance over at least 75 % of the
vertical height thereof from the outlet. This entails the advantage that in particular shells intended for crushing of fine
material, for instance crushing of stones having an initial size of 5-30 mm, can be utilized efficiently and without too great
mechanical load on the crusher. Thus, it is possible to hold a small shortest distance (CSS) between the inner and the
outer shell and thereby provide a crushing to small sizes. At such a small shortest distance between the shells, the
compression, and thereby the pressure, will become great also up to a level of approx. 75 % of the vertical height of the
crushing surfaces from the outlet, but the same means, thanks to the run-out tolerance being small up to at least the
same level, no problem. Even more preferred is that the first crushing surface has been machined to said run-out
tolerance over substantially the entire vertical height thereof. With such a crushing surface, which has been machined
to small run-out tolerance over up to 100 % of the vertical height thereof, the shell becomes robust to supplied material
and can be used both for crushing of fine-grained material at a very small shortest distance (CSS), such as 3-6 mm, but
also for crushing of a somewhat larger material at a larger shortest distance (CSS), such as 6-20 mm.
[0012] Another object of the present invention is to provide an efficient method of manufacturing a shell for use upon
fine crushing in a gyratory crusher, which shell decreases or entirely eliminates the problems of the known technique.
[0013] This object is provided by a method, which is of the above-mentioned kind and is characterized in that first-
mentioned shell is produced by a shell work piece being manufactured and provided with the first crushing surface,
which is given a vertical height that extends upward from the outlet of the crushing gap along the first crushing surface
to the inlet of the crushing gap, the first crushing surface over at least 50 % of said vertical height, from the outlet and
upward along the first crushing surface, being provided with a machining allowance, that a surface on the shell work
piece is machined in order to form said support surface, and that said first crushing surface along said at least 50 % of
said vertical height is machined to a run-out tolerance that on each level along the machined part of the vertical height
of the first crushing surface is maximum one thousandth of the largest diameter of the first crushing surface, however
maximum 0,5 mm. An advantage of the machining allowance is that material can be removed from the entire crushing
surface upon the machining, also at such portions where the manufacture, for instance casting with subsequent heat
treatment, has given rise to geometrical deformations.
[0014] According to a preferred embodiment, the first crushing surface is machined by being turned. Turning is an
efficient machining method for achievement of a small run-out tolerance. The fact that the shell is rotated during the
machining substantially facilitates the possibility of achieving a very small run-out tolerance. An additional advantage is
that a certain strain hardening of the crushing surface is provided upon turning. A common material in crushing shells
is manganese steel, which has the property that it is strain hardening. Thereby, upon the turning of a shell of manganese
steel, a certain increase of hardness is provided in the crushing surface, which may be an advantage in cases when the
shell should be used for crushing of material, which is wearing but not particularly hard and therefore cannot generate
a strain hardening fast in the crushing surface.
[0015] Preferably, in the manufacture of the shell work piece, substantially the entire first crushing surface is provided
with a machining allowance of at least 2 mm, substantially the entire first crushing surface being machined to said run-
out tolerance of the first crushing surface. According to an even more preferred embodiment, the machining allowance
should be 2-8 mm. The machining allowance has to be at least so large that no geometrical deformations remain in the
machined part of the crushing surface after machining to a small run-out tolerance. A machining allowance of at least
2 mm, more preferred at least 3 mm, means that conventional casting can be utilized in the production of a shell work
piece. The machining allowance should not be larger than approx. 8 mm, even more preferred approx. 6 mm, since this
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means increased material and machining costs.
[0016] It is also an object of the present invention to provide a gyratory crusher for use upon fine crushing, which
gyratory crusher is more efficient than the known crushers.
[0017] This object is provided by a gyratory crusher, which is of the above-mentioned kind and is characterized in
that the first crushing surface has a vertical height that extends upward from the outlet of the crushing gap along the
first crushing surface to the inlet of the crushing gap, the first crushing surface over at least 50 % of said vertical height,
from the outlet and upward along the first crushing surface, having been machined to a run-out tolerance, which on each
level along the machined part of the vertical height of the first crushing surface is maximum one thousandth of the largest
diameter of the first crushing surface, however maximum 0,5 mm. A gyratory crusher of this type will enable crushing
at very small shortest distances (CSS) between the shells, which ensures an efficient crushing to small sizes.
[0018] According to a preferred embodiment, the first shell is an inner shell and the second shell an outer shell, the
second crushing surface having a second vertical height that extends upward from the outlet along the second crushing
surface to the inlet, the second crushing surface over at least 50 % of said second vertical height, from the outlet and
upward along the second crushing surface, having been machined to a run-out tolerance, which on each level along the
machined part of the second vertical height of the second crushing surface is maximum one thousandth of the largest
diameter of the second crushing surface, however maximum 0,5 mm. When both the inner and the outer shell has a
crushing surface which along at least 50 % of the respective vertical height thereof has been machined to a small run-
out tolerance, the crusher will be able to operate at very small shortest distances (CSS) between the inner and the outer
shell and thereby provide a large size reduction of the supplied material.
[0019] According to an even more preferred embodiment, the sum of the run-out tolerances of the first crushing surface
and the second crushing surface on each level along mutually opposite portions of the machined parts of the crushing
surfaces is maximum 0,7 mm. This sum of run-out tolerances, which accordingly is calculated as the sum of the run-out
tolerance of the first crushing surface and the run-out tolerance of the second crushing surface on each level on the
mutually opposite portions where the two crushing surfaces are machined to small run-out tolerances, will ensure a
considerably lower mechanical load from fatigue point of view. An additional advantage is that the crushing surface that
is most easy to machine, e.g. the crushing surface of the inner shell, can be machined to a very small run-out tolerance,
e.g. maximum 0,2 mm, the second crushing surface, e.g. the crushing surface of the outer shell, can be machined to a
relatively seen larger run-out tolerance, e.g. maximum 0,4 mm.
[0020] Preferably, the respective crushing surfaces of the first and the second shell have a largest diameter of at least
500 mm. It is only at larger sizes on the inner and the outer shell that said run-out tolerance gives the increased efficiency
in the form of increased quantity of crushed material and/or smaller size on the crushed material and better grain shape
on the crushed material and that the decreased mechanical load on the crusher may lead to a significant increase of
the service life of the crusher.

Brief Description of the Drawings

[0021] The invention will henceforth be described by means of embodiment examples and with reference to the
appended drawings.

Fig. 1 schematically shows a gyratory crusher having associated driving, setting and control devices.
Fig. 2 is a cross-section and shows the area II shown in Fig. 1 in enlargement.
Fig. 3 is a cross-section and shows the area III shown in Fig. 2 in enlargement.
Fig. 4 is a cross-section and shows a second embodiment of the invention.
Fig. 5 is a cross-section and shows a device for the manufacture of shells according to the present invention.
Fig. 6 is a cross-section and shows measurement of the run-out on a crushing surface.
Fig. 7 is a graph and shows size distribution of supplied material and crushed product in two tests.
Fig. 8 is a graph and shows variations of pressure in a test of crushing.
Fig. 9 is a graph and shows variations of pressure in a comparative test of crushing.

Description of Preferred Embodiments

[0022] I n Fig. 1, a gyratory crusher 1 is schematically shown, which is of the type production crusher for fine crushing
and is intended for the greatest feasible production of crushed material of a certain desired size. With fine crushing, here
it is meant that the crusher is intended to crush material that has an original size of less than 100 mm to a size of less
than 20 mm. With production crusher, here it is referred to a crusher that is intended to produce more than approx. 10
t/h of crushed material and that the crushing surfaces of the crusher, described below, have a largest diameter that is
larger than 500 mm. The crusher 1 has a shaft 1’, which at the lower end 2 thereof is eccentrically mounted. At the upper
end thereof, the shaft 1’ carries a crushing head 3. A first, inner, crushing shell 4 is mounted on the outside of the crushing
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head 3. In a machine frame 16, a second, outer, crushing shell 5 has been mounted in such a way that it surrounds the
inner crushing shell 4. Between the inner crushing shell 4 and the outer crushing shell 5, a crushing gap 6 is formed,
which in axial section, as is shown in Fig. 1, has a decreasing width in the downward direction. The shaft 1’, and thereby
the crushing head 3 and the inner crushing shell 4, is vertically movable by means of a hydraulic setting device, which
comprises a tank 7 for hydraulic fluid, a hydraulic pump 8, a gas-filled container 9 and a hydraulic piston 15. Furthermore,
a motor 10 is connected to the crusher, which motor is arranged to bring the shaft 1’ and thereby the crushing head 3
to execute a gyratory motion during operation, i.e., a motion during which the two crushing shells 4, 5 approach each
other along a rotary generatrix and retreat from each other at a diametrically opposite generatrix.
[0023] In operation, the crusher is controlled by a control device 11, which via an input 12’ receives input signals from
a transducer 12 arranged at the motor 10, which transducer measures the load on the motor, via an input 13’ receives
input signals from a pressure transducer 13, which measures the pressure in the hydraulic fluid in the setting device 7,
8, 9, 15, and via an input 14’ receives signals from a level transducer 14, which measures the position of the shaft 1’ in
the vertical direction in relation to the machine frame 16. The control device 11 comprises, among other things, a data
processor and controls, on the basis of received input signals, among other things, the hydraulic fluid pressure in the
setting device 7, 8, 9, 15.
[0024] When the crusher 1 is to be calibrated, supply of material is interrupted. The motor 10 continues to be in
operation and brings the crushing head 3 to execute the gyratory pendulum motion. Next, the pump 8 increases the
hydraulic fluid pressure so that the shaft 1’, and thereby the inner shell 4, is raised until the inner crushing shell 4 contacts
the outer crushing shell 5. When the inner shell 4 contacts the outer shell 5, a pressure increase arises in the hydraulic
fluid, which is recorded by the pressure transducer 13. The vertical position of the inner shell 4 is registered by the level
transducer 14 and this position corresponds to a most slender width of 0 mm of the gap 6. Knowing the gap angle
between the inner crushing shell 4 and the outer crushing shell 5, the width of the gap 6 can be calculated at any position
of the shaft 1’ as measured by the level transducer 14.
[0025] When the calibration is finished, a suitable width of the gap 6 is set and supply of material to the crushing gap
6 of the crusher 1 is commenced. The supplied material is crushed in the gap 6 and can then be collected vertically
below the same.
[0026] Fig. 2 shows the inner crushing shell 4, which is carried by the crushing head 3 and is locked on the same by
a nut 19, schematically shown in Fig. 2. A machined support surface 18 on the inner crushing shell 4 abuts against the
crushing head 3. The inner shell 4 has a first crushing surface 20 against which supplied material is intended to be
crushed. The outer crushing shell 5 has a support surface 22, which abuts against the machine frame, not shown in Fig.
2, and a second crushing surface 24. The supplied material, in Fig. 2 symbolized by a substantially spherical stone block
R, will accordingly move downward in the direction M while it is crushed between the first crushing surface 20 and the
second crushing surface 24 to decreasingly smaller sizes.
[0027] Fig. 3 shows the shortest distance S1 between the inner crushing shell 4 and the outer crushing shell 5. The
distance S1 is usually at hand farthest down in the crusher 1, i.e., where the crushed material just is about to leave the
crushing gap 6 via an outlet 30. After the material has passed out through the outlet 30, generally no additional crushing
of the material takes place before it leaves the crusher 1. The distance S1, which frequently is called CSS (from English
closed side setting), decides what size the crushed material leaving the crusher 1 gets. As has been mentioned above,
the shaft 1’ executes a gyrating motion and thereby the distance at a certain point between the inner shell 4 and the
outer shell 5 will vary during the motion of the shaft 1’. The distance S1, and CSS, relates to the absolutely shortest
distance between the shells, i.e., when the inner shell 4 "closes" against the outer shell 5. The crushing surface 20 of
the inner shell 4 has a vertical height H (see also Fig. 2) that extends from the outlet 30, which corresponds to a level
L1 on the inner shell 4, at which level the distance to the outer shell 5 usually is shortest, i.e., where the distance S1
usually is at hand, to the inlet 32 of the crushing gap 6. The inlet 32 is the position where supplied material begins to be
exposed to crushing between the inner shell 4 and the outer shell 5. The inlet 32 corresponds to a level L2 on the inner
shell 4 where a distance S2 to the outer shell 5 usually corresponds to the size of the largest object which is to be crushed
in the crusher 1 at the shortest distance S1 in question, i.e., the distance S2 is substantially equal to the diameter of the
object R shown in Fig. 2. The crushing surface 24 of the outer shell 5 has a vertical height H’ (see also Fig. 2) that
extends from the outlet 30, which corresponds to a level L1’ on the outer shell 5, at which level the distance to the inner
shell 4 usually is shortest, i.e., where the distance S1 is at hand, to the inlet 32, which corresponds to a level L2’ on the
outer shell 5 where usually the above-mentioned distance S2 is at hand, i.e., where the distance to the inner shell 4 is
substantially equal to the diameter of the object R shown in Fig. 2.
[0028] The inner shell 4 and the outer shell 5 that are shown in Figs 1-3 are so-called M shells that are intended for
crushing stone blocks R having an original size of typically approx. 50-100 mm to a size of typically approx. 10-20 mm.
Upon such crushing, a shortest distance S1, i.e., CSS, of approx. 10-20 mm is used. The crushing surface 20 of the
inner shell 4 has along the entire vertical height H thereof been turned to a run-out tolerance that is less than 0,5 mm.
Also, the crushing surface 24 of the outer shell 5 has been machined to a run-out tolerance of less than 0,5 mm over
the entire vertical height H’ thereof.
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[0029] Fig. 4 shows an alternative embodiment of the present invention. In Fig. 4, an inner shell 104 and an outer
shell 105 are shown, which are of the so-called EF type, which means that they are intended for extreme fine crushing.
The inner shell 104 has a support surface 118, which abuts against the crushing head 3 and a crushing surface 120.
The crushing surface 120 has a vertical height H, which extends upward from an outlet 130 of a crushing gap 106, which
corresponds to a level L1, which usually is situated at the shortest distance S1 between the inner shell 104 and the outer
shell 105, to the inlet 132 of the crushing gap 106, which corresponds to a level L2, which usually is situated where the
distance S2 to the outer shell 105 substantially corresponds to the size of a largest object R1 that is to be crushed. In
analogy with what has been described above, the outer shell 105 has a support surface 122 and a crushing surface
124. The crushing surface 124 has a vertical height H’, which extends upward from the outlet 130 to the inlet 132, i.e.,
from the level L1’ to the level L2’. Thus, between the crushing surfaces 120, 124, the proper crushing gap 106 is formed,
where crushing of supplied stone blocks R1 is carried out. As is clearly seen in Fig. 4, the inner shell 104 has a portion
126 that is located above the level L2 and the outer shell 105 has a portion 128 that is located above the level L2’.
Between said portions 126, 128 an antechamber 129 is formed that serves as store of material that awaits being dosed
into between the crushing surfaces 120, 124. No proper crushing takes place in the chamber 129 and the portions 126,
128 do therefore not constitute any part of the crushing surfaces 120, 124, which end on the respective level L2, L2’,
i.e., at the inlet 132.
[0030] It may be convenient to machine the shell 105 to a small run-out tolerance also a distance above the level L2’.
The reason is that the level for the inlet 132 after a time of operation will be moved upward on the shell 105 since the
shells 104, 105 then have become worn and the shell 104 as a consequence of this has had to be moved upward for
retention of a constant, smallest distance S1.
[0031] The shells 104, 105 shown in Fig. 4 are intended for crushing small objects, i.e., objects R1 that have an original
size of typically approx. 10-50 mm to a size of typically approx. 0-12 mm. Upon such crushing, a shortest distance S1,
i.e., CSS, of approx. 2-10 mm is used. The crushing surface 120 of the inner shell 104 has along the entire vertical height
H thereof been turned to a run-out tolerance that is maximum 0,35. Also, the crushing surface 124 of the outer shell 105
has over the entire vertical height H’ thereof been machined to a run-out tolerance of maximum 0,35 mm.
[0032] In the manufacture of shells 4, 5, 104, 105, it is proceeded in the following way.
[0033] In a first step, a shell work piece is manufactured, for instance by casting in sand mould. The first step resembles
the already known ways to manufacture shell work pieces by, for instance, casting, with the essential difference that the
shell work piece is manufactured having a machining allowance of approx. 3-6 mm all over the portion of the shell work
piece that in the finished shell should constitute crushing surface. Also the part of the shell work piece that in the finished
shell should constitute support surface is provided with a machining allowance. After cooling, the shell work piece is
taken out of the mould and is heat-treated.
[0034] In a second step, the shell work piece 34 is fastened, as is seen in Fig. 5, in a vertical boring mill 36. The vertical
boring mill 36 has a rotary plate 38 and a number of clamping jaws 40 by means of which the position of the shell work
piece 34 on the plate 38 can be set in such a way that the centre line of the shell work piece 34 generally coincides with
the centre line 42 of the plate 38. The plate 38 is then brought to rotate the shell work piece 34. A turning tool C1 is
utilized in order to machine up a support surface 18 on the inside of the shell work piece 34. The machining is made in
such a way that the support surface 18 gets a small tolerance in respect of roundness. Thanks to the fact that the shell
work piece 34 is rotated during the machining, the support surface 18 will furthermore become centred around the centre
axis of the shell work piece and thereby obtain a small run-out tolerance.
[0035] In a third step, a turning tool C2 is utilized in order to machine up a crushing surface 20 in the shell work piece
34 while the same is rotated in the vertical boring mill 36. The third step is commenced directly after the machining of
the support surface 18 without the shell work piece 34 first having been released from the plate 38. Thanks to the fact
that the shell work piece 34 is rotated during the machining, it becomes relatively easy to machine up a crushing surface
20 having a small run-out tolerance. As is indicated by arrows at the turning tool C2, the entire crushing surface 20 is
machined to said run-out tolerance by the machining allowance, symbolized by W, being worked away. By means of
this method of production, the crushing surface 20 will obtain a small run-out tolerance in relation to the support surface
18. When the finished shell 4 is placed on a crushing head 3, the crushing surface 20 will, thanks to the fact that it has
a small run-out tolerance in relation to the support surface 18, obtain a small run-out tolerance also in the mounted state.
[0036] It will be appreciated that it is also possible, in a second step, to machine up a crushing surface 20, and in a
third step, without the shell work piece 34 first being released from the plate 38, machine up a support surface 18. In
the same operation, it is also possible to work up both the crushing surface 20 and the support surface 18. In all cases,
it applies that the crushing surface 20 and the support surface 18 both are machined to low run-out tolerance and
furthermore to have a common centre line.
[0037] It will be appreciated that an outer shell can be produced in a similar way as has been described above,
reference being made to an inner shell.
[0038] After completion of the machining thereof, the shell is then checked in respect of run-out tolerance. In Fig. 6,
it is shown how such a control can be carried out according to the Swedish Standard SS 2650, method 20.1.6 (Run-out
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in conical surface) by means of a so-called dial test indicator. As is seen in Fig. 6, a shell 104, i.e., the type of shell that
is described reference being made to Fig. 4, has been mounted on the plate 38 of the vertical boring mill 36. It will be
appreciated that a check of the ru n-out tolerance conveniently can be carried out directly after the crushing surface 120
having been worked up but before the shell 104 having been dismounted from the plate 38. A possible resetting of the
run-out tolerance can be carried out in direct conjunction with the check. The run-out tolerance over at least 50 % of the
height of the crushing surface, counted from the outlet 130 and upward, should be maximum one thousandth of the
largest diameter D of the crushing surface 120, as is seen in Fig. 6, however maximum 0,5 mm in absolute numbers.
[0039] It will be appreciated that a number of modifications of the above-described embodiments are feasible within
the scope of the present invention.
[0040] Thus, it is also possible to machine only a part of the crushing surface to a small run-out tolerance. However,
at least 50 % of the vertical height of the crushing surface, counted from the outlet 30, i.e., from the first level L1, L1’,
has to be machined to this run-out tolerance. This is exemplified in Fig. 2 by a vertical height H50, which describes the
height of the smallest area of the crushing surface 20 that has to be machined to a small run-out tolerance. Preferably,
at least 75 % of the vertical height of the crushing surface, from the outlet 30, i.e., from the first level L1, L1’, should be
machined to a small run-out tolerance, which in Fig. 2 is exemplified by a vertical height H75. In all cases, it applies that
the run-out tolerance within the entire machined area, which accordingly is the area that lies within the height H50 or a
greater height, e.g. H75 or H, should be machined in such a way that the run-out tolerance on a arbitrary level within
this area meets the requirements set up.
[0041] The above-described machining of the crushing surface to a small run-out tolerance may also be carried out
in other ways than turning. For instance, the surface may be ground. Turning is, however, preferred since it is a relatively
easy way to provide a small run-out tolerance.
[0042] In the description above, a crusher is described that has a hydraulic setting of the vertical position of the inner
shell. It will be appreciated that the invention also can be applied to, among other things, crushers that have a mechanical
setting of the gap between the inner and the outer shell, for instance, the type of crushers that is disclosed in US 1,894,601
in the name of Symons. In the last-mentioned type of crushers, occasionally called Symons type, the setting of the gap
between the inner and the outer shell is carried out by the fact that a case, in which the outer shell is fastened, is threaded
in a machine frame and is turned in relation to the same for the achievement of the desired gap. These crushers are
frequently even more sensible to mechanical load than the above-described crushers having hydraulic setting device
and may therefore derive great advantage from the present invention.
[0043] In the description above is described that each shell 4, 5 has one support surface 18, 22 each. The invention
may also be applied to a shell that has two or more support surfaces.
[0044] In the description above is mentioned that the shortest distance S1 (CSS) between the inner shell 4 and the
outer shell 5 usually is at hand at the outlet 30 of the crushing gap 6, i.e., at the level L1 and L1’, respectively. However,
there is also a case where the shortest distance S 1 is at hand a bit above the outlet 30, i.e., above the level L1 and L1’,
respectively. In such cases, it is frequently convenient to machine the respective crushing surface 20, 24 from the outlet
30, i.e., from the level L1 and L1’, respectively, and upward to at least 75 % of the respective crushing surface’s 20, 24
vertical height from the outlet 30.
[0045] The present invention may be applied to all sizes of crushers. The invention is especially advantageous in
production crushers, which are crushers the shells of which have crushing surfaces having a largest diameter D of 500
mm and larger, which crushers are intended for a rate of production of approx. 10 t/h of crushed material or more during
continuous operation. The invention is particularly advantageous in production crushers intended for fine crushing, i.e.,
when objects having an initial size of approx. 100 mm or smaller is to be crushed to a size of approx. 20 mm or smaller.
In particular upon crushing of material to a size of approx. 10 mm or smaller and when the shortest distance S1 (CSS)
between the inner and the outer shell is approx. 15 mm or shorter, the present invention will ensure a considerable
energy-saving and reduced mechanical load in comparison with the known technique.

Examples

[0046] In order to illustrate the advantages of the present invention, two tests were carried out. In test 1 an outer shell
and an inner shell were used, the crushing surfaces of which had been machined to a small run-out tolerance according
to the invention. In test 2, an inner shell and an outer shell according to prior art were used.

Test 1.

[0047] The test was carried out with a gyratory crusher of the type H3800, which is marketed by Sandvik SRP AB,
Svedala, SE. A shell work piece of the type EF, i.e., the type of shell 104 that is shown in Fig. 4, was machined in a lathe
to a small run-out tolerance all over the crushing surface 120. The crushing surface 120 of the inner shell 104 had a
largest diameter D of 950 mm, which diameter was at hand at the level L1. After turning, the run-out of the shell 104
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was measured by means of a dial test indicator. In one way, which corresponds to the way indicated in Fig. 6, the
measurement of run-out was made perpendicularly to the respective surface on six levels A to F, which levels were
evenly distributed along the vertical height H of the crushing surface 120, in relation to the support surface 118, which
constituted reference. The level F substantially corresponded to the outlet 130, i.e., the level L1, and the level A sub-
stantially corresponded to the inlet 132, i.e., the level L2. On each level A-F, the run-out was measured in eight turning
positions, i.e., in eight points or sectors (in table 1 below denominated sectors 1-8), which were evenly distributed around
the circumference on the level in question. In table 1 below, the measured run-out of the inner shell is seen in hundredths
of mm:

[0048] As is seen in table 1, the largest run-out, i.e., the largest difference between the measured values on a certain
level was less than 0,02 mm. Thus, on each level the crushing surface 120 has a run-out tolerance that is better than
0,5 mm. Hence, the ratio of the largest run-out to the largest diameter of the shell was 0,02 mm / 950 mm * 1000 = 0,021
thousandths, i.e., the largest run-out was smaller than 0,021 thousandths of the largest diameter D of the crushing
surface 120.
[0049] An outer shell, which was of the type of the outer shell 105 (called EF) shown in Fig. 4, was machined in a
vertical boring mill. After the machining, which was carried out all over the crushing surface 124, the run-out on the
corresponding levels A to F (where the level F substantially corresponded to the outlet 130 and the level A substantially
corresponded to the inlet 132) was measured in eight sectors per level in analogy with what has been described above
for the inner shell. Table 2 shows the measured run-outs for the outer shell 105:

[0050] As is seen in table 2, the largest run-out, i.e., the largest difference between the measured values on a certain
level, was 0,53 mm (i.e., 23-(-30)/100 mm), more precisely on a level A, i.e., at the inlet 132. The first 50 % of the vertical
height H’ of the crushing surface 124, counted from the outlet 130, i.e., the level L1’, and upward corresponds to the
levels F to D in table 2. The largest run-out within said levels F to D is 0-(-14)/100 mm = 0,14 mm, more precisely on a
level F. Thus, on each level along 50 % of the vertical height H’ of the crushing surface 124, counted upward from the
outlet 130, the outer shell 105 has a run-out tolerance which is better than 0,5 mm. The crushing surface 124 of the
outer shell 105 had a largest diameter of 1000 mm, which diameter was at hand at the level L1’. The ratio of the largest

Sector

1 2 3 4 5 6 7 8

Level A 0 <1 <1 <1 <1 <1 <1 <1

B 0 <1 <1 <1 <1 <1 <1 <1

C 0 <1 <1 <1 <1 <1 <1 <1

D 0 <1 <1 <1 <1 <1 <1 <1

E 0 <1 <1 <1 <1 <1 <1 <1

F 0 <1 <1 <1 <1 <1 <1 <1

Table 1. Measured absolute values of run-outs at inner shell according
to the invention [1/100 mm]

Sector

1 2 3 4 5 6 7 8

Level A 0 -19 -30 -22 -8 15 23 21

B 0 -19 -30 -21 -9 11 18 17

C 0 12 -19 -12 -5 5 9 10

D 0 -6 -10 -6 -5 -2 -3 2

E 0 -7 -7 -5 -5 -9 -9 -4

F 0 -8 -4 -5 -4 -14 -12 -9

Table 2. Measured run-out at outer shell according to the invention [1/100
mm]
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run-out along 50 % of the vertical height H’ of the crushing surface 124, counted from the outlet 130, to the largest
diameter of the shell was 0,14 mm / 1000 mm * 1000 = 0,14 thousandths, i.e., the largest run-out was 0,14 thousandths
of the largest diameter D of the crushing surface 124. Hence, the sum of the run-out of the first crushing surface 120 a
nd the run-out of the second crushing surface 124 was not on any level, along the first 50 % of the respective crushing
surface’s vertical height H and H’, respectively, from the outlet 130, larger than 0,02 mm + 0,14 mm = 0,16 mm.
[0051] The inner and the outer shell 104, 105 were then mounted in a crusher, which beforehand had been adjusted
so that the machine frame 16 as well as the crushing head 3 had a run-out tolerance that was smaller than 0,05 mm.
[0052] In test 1, a material called "16-22 mm" was introduced in the crusher. The grain size distribution in the supplied
material as well as in the crushed product of test 1 is seen in Fig. 7. The crusher was set to operate at an average
pressure in the hydraulic fluid in the setting device of the crusher of approx. 5 MPa. Upon the crushing, between the
inner and the outer shell a shortest distance S1, i.e., CSS, of 4,0 mm was held. The crusher consumed a power of
approx. 135 kW. The total amount of material that was crushed was 48 t/h. Of the crushed product, 74,6 % by weight
had a size that was smaller than 4 mm, accordingly the production of material having a size smaller than 4 mm being
48 t/h * 74,6 % by weight = 35,8 t/h. The grain shape of the crushed material was evaluated by means of a so-called LT
index. LT designates that the ratio of the length of a grain to the width thereof is smaller than 3. Thus, the LT index states
the weight share of grain having a ratio of length to thickness that is smaller than 3. Normally, LT index should be as
high as possible, since it means that the material has a high cubicity, which is desirable in most crushing applications.
The crushed material in test 1 had an LT index of 93 % by weight in the fraction 5-8 mm. Fig. 8 shows the pressure
variation in the hydraulic fluid. The average pressure in the hydraulic fluid of the setting device was approx. 5,19 MPa
and the standard deviation was 0,61 MPa.

Test 2.

[0053] With the purpose of comparing the invention with prior art, a test 2 was carried out in which an inner and an
outer shell according to prior art were mounted in the crusher used in test 1. The shells were of the type EF, i.e., they
were of the same type as those that were used in test 1. The shells that were used in test 2 were, however, of known
type and thereby not machined to a small run-out tolerance. Before the test was started, the run-out of the inner shell
and the outer shell was measured by means of the above-described method. The run-out of the inner shell according
to prior art is seen in table 3.

[0054] As is seen in table 3, the largest run-out of the crushing surface, i.e., the largest difference between the measured
values on a certain level, was 2,06 mm (i.e., 34-(-172)/100 mm), more precisely on level C. The largest run-out along
50 % of the vertical height of the crushing surface, counted from the outlet of the crushing gap and upward, was 1,75
mm, more precisely on level D.
[0055] The run-out of the outer shell according to prior art is seen in table 4.

Sector

1 2 3 4 5 6 7 8

Level A 0 38 -11 -13 14 13 -13 56

B 0 72 -46 -113 1 66 -4 9

C 0 28 -68 -172 -55 3 -65 34

D 0 -13 -115 -175 -128 -79 -70 -18

E 0 -12 -27 -54 -78 -82 -50 -18

F 0 -12 -28 -65 -82 -88 -52 -19

Table 3. Measured run-out at inner shell according to prior art [1/100 mm]
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[0056] As is seen in table 4, the largest run-out, i.e., the largest difference between the measured values on a certain
level, was 3,83 mm (i.e., 23-(-360)/100 mm), more precisely on level A, i.e., at the inlet of the crushing gap. The largest
run-out along 50 % of the vertical height of the crushing surface, counted from the outlet of the crushing gap and upward,
was 2,26 mm, more precisely on level D.
[0057] In test 2, a material called "16-22 mm" was introduced in the crusher. The grain size distribution in the supplied
material as well as in the crushed product of test 2 are seen in Fig. 7. As is seen in Fig. 7, the supplied material had
almost identical grain size distribution in test 1 and test 2. The crusher was set to operate at an average pressure in the
hydraulic fluid in the setting device of the crusher of approx. 5 MPa. Upon the crushing, a shortest distance S1 was held
between the inner and the outer shell, i.e., CSS, of 5,8 mm. The crusher consumed a power of approx. 150 kW. The
amount of material that was crushed was 57 t/h. Of the crushed product, 63,4 % by weight had a size that was smaller
than 4 mm, accordingly the production of material having a size smaller than 4 mm being 57 t/h * 63,4 % by weight =
36,1 t/h. The crushed material in test 2 had an LT index of 85 % by weight in the fraction 5-8 mm. Fig. 9 shows the
pressure variation in the hydraulic fluid as a function of time. The average pressure was approx. 4,87 MPa and the
standard deviation of the same average pressure was 0,92 MPa.
[0058] As is seen in the above, approximately equally much, approx. 36 t/h, crushed material was produced having
a size that was smaller than 4 mm in test 1 and test 2. However, in test 1 the crusher consumed only 135 kW versus
approx. 150 kW in test 2. In test 1, only 48 t/h was fed into the crusher while 57 t/h was fed into the crusher in test 2.
This means that also auxiliary equipment, such as conveyors etc., consumed more energy in test 2. The reason for the
higher flow of material in test 2 was that a great share of the material that was fed to the crusher was not crushed to the
desired size but had to be recirculated for an additional crushing. The greater flow of material in test 2, which accordingly
was due to the inferior crushing and the greater recirculation following thereby, entails an increased wear on the crusher
and the shells according to prior art in comparison with the invention. As is also seen in Fig. 7, the crusher in test 1 could
crush the material to smaller sizes than in test 2. The produced material had also a considerably better grain shape (i.e.,
LT index) in test 1 than in test 2. The considerably lower variation in hydraulic fluid pressure in test 1 (standard deviation
0,61 MPa, see also Fig. 8) than in test 2 (standard deviation 0,92 MPa, see also Fig. 9) means a considerably lower
mechanical load on the crusher generally and the hydraulic setting device in particular.

Claims

1. Shell for use in a gyratory crusher (1), which shell (4; 5) has at least one support surface (18; 22), which is intended
to abut against a shell-carrying member (3; 16), and a first crushing surface (20; 24), which is intended to be brought
into contact with a material that is supplied at the upper portion of the crusher (1) and is to be crushed, and to crush
said material in a crushing gap (6) against a corresponding second crushing surface (24; 20) on a second shell (5;
4) complementary with the shell (4; 5), characterized in that the first crushing surface (20; 24) has a vertical height
(H; H’) that extends upward from the outlet (30) of the crushing gap (6) along the first crushing surface (20; 24) to
the inlet (32) of the crushing gap (6), the first crushing surface (20; 24) over at least 50 % of said vertical height (H;
H’), from the outlet (30) and upward along the first crushing surface (20; 24), having been machined to a run-out
tolerance, which on each level along the machined part of the vertical height (H; H’) of the first crushing surface (20;
24) is maximum one thousandth of the largest diameter of the first crushing surface (20, 24), however maximum
0,5 mm.

2. Shell according to claim 1, wherein said run-out tolerance is maximum 0,35 mm.

Sector

1 2 3 4 5 6 7 8

Level A 0 -110 -194 -194 -360 -193 -23 23

B 0 -99 -176 -176 -314 -197 -11 14

C 0 -23 -72 -172 -238 -133 48 14

D 0 -1 -21 -104 -205 -103 21 2

E 0 -20 -45 -82 -90 -102 -109 -53

F 0 -33 -54 -99 -91 -120 -125 -68

Table 4. Measured run-out at outer shell according to prior art [1/100 mm]
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3. Shell according to any one of claims 1 and 2, wherein the first crushing surface (20; 24) has been machined to said
run-out tolerance over at least 75 % of the vertical height (H; H’) thereof from the outlet (30).

4. Shell according to any one of the preceding claims, wherein the first crushing surface (20; 24) has been machined
to said run-out tolerance over substantially the entire vertical height (H; H’) thereof.

5. Method of producing a shell (4; 5) for use in a gyratory crusher (1), which shell (4; 5) has at least one support surface
(18; 22), which is intended to abut against a shell-carrying member (3; 16), and a first crushing surface (20; 24),
which is intended to be brought into contact with a material that is supplied at the upper portion of the crusher (1)
and is to be crushed, and to crush said material in a crushing gap (6) against a corresponding second crushing
surface (24; 20) on a second shell (5; 4) complementary with the shell (4; 5), characterized in that the first-mentioned
shell (4; 5) is produced by a shell work piece (34) being manufactured and provided with the first crushing surface
(20; 24), which is given a vertical height (H; H’) that extends upward from the outlet (30) of the crushing gap (6)
along the first crushing surface (20; 24) to the inlet (32) of the crushing gap (6), the first crushing surface (20; 24)
over at least 50 % of said vertical height (H; H’), from the outlet (30) and upward along the first crushing surface
(20; 24), being provided with a machining allowance (W),
that a surface on the shell work piece (34) is machined in order to form said support surface (18; 22), and
that said first crushing surface (20; 24) along said at least 50 % of said vertical height (H; H’) is machined to a run-
out tolerance that on each level along the machined part of the vertical height (H; H’) of the first crushing surface
(20; 24) is maximum one thousandth of the largest diameter (D) of the first crushing surface (20; 24), however
maximum 0,5 mm.

6. Method according to claim 5, wherein the first crushing surface (20; 24) is machined by being turned.

7. Method according to any one of claims 5-6, wherein substantially the entire first crushing surface (20; 24) in the
manufacture of the shell work piece (34) is provided with a machining allowance (W) of at least 2 mm, substantially
the entire first crushing surface (20; 24) being machined to said run-out tolerance of the first crushing surface (20; 24).

8. Method according to claim 7, wherein the machining allowance (W) is 2-8 mm.

9. Gyratory crusher, which, on one hand, has a first shell (4), which has at least one support surface (18), which is
intended to abut against a first shell-carrying member (3), and a first crushing surface (20), and on the other hand
a second shell (5), which has at least one support surface (22), which is intended to abut against a second shell-
carrying member (16), and a second crushing surface (24), the first crushing surface (20) and the second crushing
surface (24) being arranged to be brought into contact with a material supplied at the upper portion of the crusher
(1), which material is to be crushed in a crushing gap (6) between the crushing surfaces (20, 24), characterized in
that the first crushing surface (20) has a vertical height (H) that extends upward from the outlet (30) of the crushing
gap (6) along the first crushing surface (20) to the inlet (32) of the crushing gap (6), the first crushing surface (20)
over at least 50 % of said vertical height (H), from the outlet (30) and upward along the first crushing surface (20),
having been machined to a run-out tolerance, which on each level along the machined part of the vertical height
(H) of the first crushing surface (20) is maximum one thousandth of the largest diameter (D) of the first crushing
surface (20), however maximum 0,5 mm.

10. Gyratory crusher according to claim 9, wherein the first shell (4) is an inner shell (4) and the second shell (5) is an
outer shell (5), the second crushing surface (24) having a second vertical height (H’) that extends upward from the
outlet (30) along the second crushing surface (24) to the inlet (32), the second crushing surface (24) over at least
50 % of said second vertical height (H’), from the outlet (30) and upward along the second crushing surface (24),
having been machined to a run-out tolerance, which on each level along the machined part of the second vertical
height (H’) of the second crushing surface (24) is maximum one thousandth of the largest diameter of the second
crushing surface (24), however maximum 0,5 mm.

11. Gyratory crusher according to claim 10, wherein the sum of the run-out tolerances of the first crushing surface (20)
and the second crushing surface (24) on each level along mutually opposite portions of the machined parts of the
crushing surfaces (20, 24) is maximum 0,7 mm.

12. Gyratory crusher according to any one of claims 9-11, wherein the respective crushing surfaces (20, 24) of the first
and the second shell (4, 5) have a largest diameter (D) of at least 500 mm.
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Patentansprüche

1. Mantel für die Verwendung in einem Kreiselbrecher (1), wobei der Mantel (4, 5) zumindest eine Stützfläche (18, 22)
hat, die dafür vorgesehen ist, an einem Mantel tragenden Element (3, 16) anzuschlagen und eine erste Brechfläche
(20, 24) hat, die dafür vorgesehen ist, in Kontakt mit einem Material gebracht zu werden, das am oberen Abschnitt
des Brechers (1) bereitgestellt wird, und gebrochen werden soll, und dafür vorgesehen ist, das Material in einer
Brechlücke (6) gegen eine zweite Brechfläche (24, 20) auf einem zweiten Mantel (5, 4), der komplementär zum
Mantel (4, 5) ist, zu brechen, dadurch gekennzeichnet, dass die erste Brecherfläche (20, 24) eine vertikale Höhe
(H, H’) hat, die sich von der Öffnung (30) der Brecherlücke (6) entlang der ersten Brecherfläche (20, 24) zum Einlass
(32) der Brecherlücke (6) nach oben erstreckt, wobei die erste Brecherfläche (20, 24) über zumindest 50% der
vertikalen Höhe (H, H’) vom Auslass (30) und nach oben entlang der ersten Brecherfläche (20, 24) mit einer Lauf-
toleranz hergestellt ist, die auf jedem Niveau entlang des bearbeiteten Teiles der vertikalen Höhe (H, H’) der ersten
Brecherfläche (20, 24) maximal ein Tausendstel des größten Durchmessers der ersten Brecherfläche (20, 24)
beträgt, jedoch maximal 0,5 mm.

2. Mantel nach Anspruch 1, wobei die Lauftoleranz maximal 0,35 mm beträgt.

3. Mantel nach einem der Ansprüche 1 oder 2, bei dem die erste Brecherfläche (20, 24) mit der Lauftoleranz über
zumindest 75 % der vertikalen Höhe (H, H’) von dem Auslass (30) aus ausgeführt ist.

4. Mantel nach einem der vorherigen Ansprüche, bei dem die erste Brecherfläche (20, 24) mit der Lauftoleranz über
im Wesentlichen seine gesamte vertikale Höhe (H, H’) ausgeführt ist.

5. Verfahren zum Herstellen eines Mantels (4, 5) für die Verwendung in einem Kreiselbrecher (1), wobei der Mantel
(4, 5) zumindest eine Stützfläche (18, 22) hat, die dafür vorgesehen ist, an ein Mantel tragendes Element (3, 16)
zustoßen, und eine erste Brecherfläche (20, 24) hat, die dafür vorgesehen ist, mit einem Material in Kontakt gebracht
zu werden, dass am oberen Abschnitt des Brechers (1) bereitgestellt wird und gebrochen werden soll, und dafür
vorgesehen ist, das Material in einer Brecher lücke (6) gegen eine korrespondierende zweite Brecherfläche (24,
20) auf einem zweiten Mantel (5, 4) komplementär zu dem Mantel (4, 5) zu brechen, dadurch gekennzeichnet,
dass der ersterwähnte Mantel (4, 5) von einem Mantelwerkstück (34) hergestellt wird, das mit der ersten Brecher-
fläche (20, 24) hergestellt und ausgestattet ist, die durch eine vertikale Höhe (H, H’) gegeben ist, die sich nach oben
von dem Auslass (30) der Brecherlücke (6) entlang der ersten Brecherfläche (20, 24) zu dem Einlass (32) der
Brecherlücke (6) erstreckt, wobei die erste Brecherfläche (20, 24) über zumindest 50 % der vertikalen Höhe (H, H’)
von dem Auslass (30) und nach oben entlang der ersten Brecherfläche (20, 24) mit einer Bearbeitungszugabe (W)
bereitgestellt wird,
wobei eine Oberfläche auf dem Mantelwerkstück (34) bearbeitet wird, um die Stützfläche (18, 22) zu bilden und
dass die erste Brecherfläche (20, 24) entlang der zumindest 50 % der vertikalen Höhe (H, H’) mit einer Lauftoleranz
hergestellt ist, die auf jedem Niveau entlang des bearbeiteten Teils der vertikalen Höhe (H, H’) der ersten Brecher-
fläche (20, 24) maximal ein Tausendstel des größten Durchmessers (D) der ersten Brecherfläche (20, 24), jedoch
maximal 0,5 mm beträgt.

6. Verfahren nach Anspruch 5, bei dem die erste Brecherfläche (20, 24) durch Drehen hergestellt wird.

7. Verfahren nach einem der Ansprüche 5 bis 6, bei dem im Wesentlichen die gesamte erste Brecherfläche (20, 24)
bei der Herstellung des Mantelwerkstückes (34) mit einer Bearbeitungszugabe (W) von zumindest 2 mm bereitgestellt
wird und im Wesentlichen die gesamte erste Brecherfläche (20, 24) mit der Lauftoleranz der ersten Brecherfläche
(20, 24) bearbeitet wird.

8. Verfahren nach Anspruch 7, bei dem die Bearbeitungszugabe (W) zwischen 2 und 8 mm beträgt.

9. Kreiselbrecher, der einerseits einen ersten Mantel (4), der zumindest eine Stützfläche (18) hat, die dafür vorgesehen
ist, an einem ersten Mantel tragenden Element (3) anzuschlagen, und eine erste Brecherfläche (20) hat, und an-
dererseits einen zweiten Mantel (5) hat, der zumindest eine Stützfläche (22) hat, die dafür vorgesehen ist, an ein
den zweiten Mantel tragendes Element (16) anzuschlagen, und eine zweite Brecherfläche (24) hat, wobei die erste
Brecherfläche (20) und die zweite Brecherfläche (24) angeordnet sind, um mit einem Material in Kontakt zu treten,
das am oberen Abschnitt des Brechers (1) bereitgestellt wird, wobei das Material in einer Brecherlücke (6) zwischen
den Brecherflächen (20, 24) gebrochen werden soll, dadurch gekennzeichnet, dass die erste Brecherfläche (20)
eine vertikale Höhe (H) hat, die sich vom Auslass (30) der Brecherlücke (6) entlang der ersten Brecherfläche (20)
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zum Einlass (32) der Brecherlücke (6) nach oben erstreckt, wobei die erste Brecherfläche (20) über zumindest 50
% der vertikalen Höhe (H) von dem Auslass (30) und nach oben entlang der ersten Brecherfläche (20) mit einer
Lauftoleranz hergestellt ist, die auf jedem Niveau entlang des bearbeiteten Teiles der vertikalen Höhe (H) der ersten
Brecherfläche (20) maximal 1/1000 des größten Durchmessers (D) der ersten Brecherfläche (20), jedoch maximal
0,5 mm beträgt.

10. Kreiselbrecher nach Anspruch 9, bei dem der erste Mantel (4) ein innerer Mantel (4) ist und der zweite Mantel (5)
ein äußerer Mantel (5) ist, wobei die zweite Brecherfläche (24) eine zweite vertikale Höhe (H’) hat, die sich nach
oben von dem Auslass (30) entlang der zweiten Brecherfläche (24) zu dem Einlass (32) erstreckt, wobei die zweite
Brecherfläche (24) über zumindest 50 % der zweiten vertikalen Höhe (H’) von dem Auslass (30) und nach oben
entlang der zweiten Brecherfläche (24) mit einer Lauftoleranz hergestellt ist, die auf jedem Niveau entlang des
bearbeiteten Teils der zweiten vertikalen Höhe (H’) der zweiten Brecherfläche (24) maximal 1/1000 des größten
Durchmessers der zweiten Brecherfläche (24) beträgt, jedoch maximal 0,5 mm beträgt.

11. Kreiselbrecher nach Anspruch 10, bei dem die Summe der Lauftoleranzen der ersten Brecherfläche (20) und der
zweiten Brecherfläche (24) auf jedem Niveau entlang der sich gegenüberstehenden Abschnitte der bearbeiteten
Teile der Brecherfläche (20, 24) maximal 0,7 mm beträgt.

12. Kreiselbrecher nach einem der Ansprüche 9 bis 11, bei dem die entsprechenden Brecherflächen (20, 24) des ersten
und des zweiten Mantels (4, 5) einen größten Durchmesser (D) von mindestens 500 mm haben.

Revendications

1. Enveloppe pour utilisation dans un broyeur giratoire (1), laquelle enveloppe (4 ; 5) a au moins une surface de support
(18 ; 22), qui est prévue pour buter contre un élément de soutien d’enveloppe (3 ; 16), et une première surface de
broyage (20 ; 24), qui est prévue pour être amenée en contact avec un matériau qui est fourni au niveau de la
portion supérieure du broyeur (1) et qui doit être broyé, et pour broyer ledit matériau dans un intervalle de broyage
(6) contre une seconde surface de broyage (24 ; 20) correspondante sur une seconde enveloppe (5 ; 4) complé-
mentaire de l’enveloppe (4 ; 5), caractérisée en ce que la première surface de broyage (20 ; 24) a une hauteur
verticale (H ; H’) qui s’étend vers le haut depuis l’orifice de sortie (30) de l’intervalle de broyage (6) le long de la
première surface de broyage (20 ; 24) jusqu’à l’orifice d’entrée (32) de l’intervalle de broyage (6), la première surface
de broyage (20 ; 24) ayant été usinée avec une tolérance de faux-rond sur au moins 50 % de ladite hauteur verticale
(H ; H’), depuis l’orifice de sortie (30) et vers le haut le long de la première surface de broyage (20 ; 24), laquelle
tolérance de faux-rond, à chaque niveau le long de la partie usinée de la hauteur verticale (H ; H’) de la première
surface de broyage (20 ; 24), est au maximum d’un millième du plus large diamètre de la première surface de
broyage (20 ; 24), et est de toute façon au maximum de 0,5 mm.

2. Enveloppe selon la revendication 1, dans laquelle ladite tolérance de faux-rond est au maximum de 0,35 mm.

3. Enveloppe selon l’une quelconque des revendications 1 et 2, dans laquelle la première surface de broyage (20 ;
24) a été usinée à ladite tolérance de faux-rond sur au moins 75 % de la hauteur verticale (H ; H’) de celle-ci depuis
l’orifice de sortie (30).

4. Enveloppe selon l’une quelconque des revendications précédentes, dans laquelle la première surface de broyage
(20 ; 24) a été usinée à ladite tolérance de faux-rond sur sensiblement toute la hauteur verticale (H ; H’) de celle-ci.

5. Procédé de production d’une enveloppe (4 ; 5) pour utilisation dans un broyeur giratoire (1), laquelle enveloppe (4 ;
5) a au moins une surface de support (18 ; 22), qui est prévue pour buter contre un élément de soutien d’enveloppe
(3 ; 16), et une première surface de broyage (20 ; 24), qui est prévue pour être amenée en contact avec un matériau
qui est fourni au niveau de la portion supérieure du broyeur (1) et qui doit être broyé, et pour broyer ledit matériau
dans un intervalle de broyage (6) contre une seconde surface de broyage (24 ; 20) correspondante sur une seconde
enveloppe (5 ; 4) complémentaire de l’enveloppe (4 ; 5), caractérisé en ce que la première enveloppe mentionnée
(4 ; 5) est produite par une pièce à usiner d’enveloppe (34) qui est fabriquée et pourvue de la première surface de
broyage (20 ; 24) qui est dotée d’une hauteur verticale (H ; H’) qui s’étend vers le haut depuis l’orifice de sortie (20)
de l’intervalle de sortie (6) le long de la première surface de broyage (20 ; 24) jusqu’à l’orifice d’entrée (32) de
l’intervalle de broyage (6), la première surface de broyage (20 ; 24) étant pourvue d’une surépaisseur d’usinage
(W) sur au moins 50 % de ladite hauteur verticale (H ; H’), depuis l’orifice de sortie (30) et vers le haut le long de la
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première surface de broyage (20 ; 24),
en ce qu’une surface sur la pièce à usiner d’enveloppe (34) est usinée de manière à former ladite surface de support
(18 ; 22), et
en ce que ladite première surface de broyage (20 ; 24) le long desdits au moins 50 % de ladite hauteur verticale
(H ; H’) est usinée avec une tolérance de faux-rond qui, à chaque niveau le long de la partie usinée de la hauteur
verticale (H ; H’) de la première surface de broyage (20 ; 24), est au maximum d’un millième du plus large diamètre
(D) de la première surface de broyage (20 ; 24), et est de toute façon au maximum de 0,5 mm.

6. Procédé selon la revendication 5, dans lequel la première surface de broyage (20 ; 24) est usinée en étant passée
au tour.

7. Procédé selon l’une quelconque des revendications 5 à 6, dans lequel sensiblement toute la première surface de
broyage (20 ; 24) dans la fabrication de la pièce à usiner d’enveloppe (34) est pourvue d’une surépaisseur d’usinage
(W) d’au moins 2 mm, sensiblement toute la première surface de broyage (20 ; 24) étant usinée à ladite tolérance
de faux-rond de la première surface de broyage (20 ; 24).

8. Procédé selon la revendication 7, dans lequel la surépaisseur d’usinage (W) est comprise entre 2 et 8 mm.

9. Broyeur giratoire, qui, d’une part, a une première enveloppe (4), qui a au moins une surface de support (18) qui est
prévue pour buter contre un premier élément de soutien d’enveloppe (3), et une première surface de broyage (20),
et d’autre part une seconde enveloppe (5), qui a au moins une surface de support (22) qui est prévue pour buter
contre un second élément de soutien de l’enveloppe (16), et une seconde surface de broyage (24), la première
surface de broyage (20) et la seconde surface de broyage (24) étant disposées pour être amenées en contact avec
un matériau fourni au niveau de la portion supérieure du broyeur (1), lequel matériau est destiné à être broyé dans
un intervalle de broyage (6) entre les surfaces de broyage (20, 24) caractérisé en ce que la première surface de
broyage (20) a une hauteur verticale (H) qui s’étend vers le haut depuis l’orifice de sortie (30) de l’intervalle de
broyage (6) le long de la première surface de broyage (20) jusqu’à l’orifice d’entrée (32) de l’intervalle de broyage
(6), la première surface de broyage (20) ayant été usinée avec une tolérance de faux-rond sur au moins 50% de
ladite hauteur (H), depuis l’orifice de sortie (30) et vers le haut le long de la première surface de broyage (20),
laquelle tolérance de faux-rond, à chaque niveau le long de la partie usinée de la hauteur verticale (H) de la première
surface de broyage (20), est au maximum d’un millième du plus large diamètre (D) de la première surface de broyage
(20), et est de toute façon au maximum de 0,5 mm.

10. Broyeur giratoire selon la revendication 9, dans lequel la première enveloppe (4) est une enveloppe intérieure (4)
et la seconde enveloppe (5) est une enveloppe extérieure (5), la seconde surface de broyage (24) ayant une seconde
hauteur verticale (H’) qui s’étend vers le haut depuis l’orifice de sortie (30) le long de la surface de broyage (24)
jusqu’à l’orifice d’entrée (32), la seconde surface de broyage (24) ayant été usinée avec une tolérance de faux-rond
sur au moins 50 % de ladite seconde hauteur verticale (H’), depuis l’orifice de sortie (30) et vers le haut le long de
la seconde surface de broyage (24), laquelle tolérance de faux-rond, à chaque niveau le long de la partie usinée
de la hauteur verticale (H’) de la seconde surface de broyage (24), est au maximum d’un millième du plus large
diamètre de la seconde surface de broyage (24), et est de toute façon au maximum de 0,5 mm.

11. Broyeur giratoire selon la revendication 10, dans lequel la somme des tolérances de faux-rond de la première surface
de broyage (20) et de la seconde surface de broyage (24) est au maximum de 0,7 mm à chaque niveau le long de
portions des parties usinées des surfaces de broyage (20, 24) mutuellement opposées.

12. Broyeur giratoire selon l’une quelconque des revendications 9 à 11, dans lequel les surfaces de broyage respectives
(20, 24) de la première et seconde enveloppes (4, 5) ont un plus large diamètre (D) d’au moins 500 mm.
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