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has a flange at an end thereof, wherein the roller crusher further
comprises a material removal device, comprising: a rotatable cut-
ter unit having a plurality of cutter elements arranged tangentially
about the rotatable cutter unit at a respective radial distance from
a rotational axis for the rotatable cutter unit; and a rotation device
arranged to rotate the rotatable cutter unit, wherein the rotatable
cutter unit is arranged at an end of a roller having a flange and
thereby, when being rotated by the rotation device, at least partial-
ly allow cutting away material accumulated on the flange and/or
on the envelope surface at an end portion of the roller adjacent the
flange. According to the disclosure, each of the cutter elements of
the plurality of cutter elements presents an impact surface arranged
to face the material to be cut away, and each of the impact surfaces
comprises a polycrystalline diamond (PCD).
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ROLLER CRUSHER AND A METHOD FOR OPERATING THE SAME

FIELD OF THE INVENTION

The present disclosure relates to a roller crusher having two generally parallel
rollers, wherein the roller crusher comprises a flange attached to at least one of the
ends of one of the rollers. The present disclosure further relates to a method for
operating a roller crusher.

BACKGROUND

When crushing or grinding rock, ore, cement clinker and other hard materials,
roller crushers may be used having two generally parallel rolls which rotate in opposite
directions, towards each other, and which are separated by a gap. The material to be
crushed is then fed into the gap. One type of roller crusher is called high pressure
grinding rollers or high-pressure roller crushers. This type of comminution has been
described in US4357287 where it was established that it is in fact not necessary to
strive for single particle breakage when trying to achieve fine and/or very fine
comminution of material. Quite opposite, it was found that by inducing compression
forces so high that briquetting, or agglomeration of particles occurred during
comminution, substantial energy savings and throughput increases may be achieved.
This crushing technique is called interparticle crushing. Here, the material to be crushed
or pulverized is crushed, not only by the crushing surfaces of the rolls, but also by
particles in the material to be crushed, hence the name interparticle crushing.
US4357287 specifies that such agglomeration may be achieved by using much higher
compression forces then what was previously done. As an example, forces up to 200
kg/cm2 were previously used, whereas the solution in US4357287 suggests to use
forces of at least 500 kg/cm2 and up to 1500 kg/cm2. In a roller crusher having a roller
diameter of 1 meter, 1500 kg/cm2 would translate into a force of more than 200 000 kg
per meter length of the rollers whereas previously known solutions could, and should,
only achieve a fraction of these forces. Another property of the interparticle crushing is
that a roller crusher should be choke fed with the material to be crushed, meaning that
the gap between the two opposed rolls of the roller crusher should always be filled with
material along the entire length thereof and there should also always be material filled to
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a certain height above the gap to keep it full at all times and to maintain a state of
particle-on-particle compression. This will increase the output and the reduction to finer
material. This stands in sharp contradiction to older solutions where it was always
emphasized that single particle breaking was the only way fine and very fine particle
comminution could be obtained.

Interparticle crushing, as opposed to some other types of crushing equipment,
such as e.g. sizers, has the attribute that it does not create a series of shocks and very
varying pressure during use. Instead, equipment using interparticle crushing is working
with a very high, more or less constant pressure on the material present in the crushing
zone created in and around the gap between the rolls.

In order to maintain crushing effect all along the length of the grinding rollers,
flanges may be arranged to ends of the crushing rolls; one flange at each end of one
roll, or one flange at one end of each roll, but on opposite ends of the roller crusher.
With such an arrangement, it is possible to create a more efficient and uniform roll feed
entry. The flanges will allow for material being fed such that a preferred material
pressure is created over the entire length of the crusher rolls. It has been shown that it
is possible to increase capacity of a given roller crusher with up to 20%, or sometimes
even more, by using flanges. A general problem associated with grinding rollers without
flanges is that the ratio between the roller diameter and the roller width is very important
due to a significant edge effect, i.e. the crushing result is reduced at the edges of the
rollers. This is because of the fact that material may escape over the edges of the
rollers thereby reducing the crushing pressure on the material towards the gap at the
edges of the rollers. Without flanges, it is thus necessary to recycle both material
escaping the rolls and some of the material having passed the gap at the edges of the
crusher rolls due to a lower pressure resulting in reduced breakage at the edges.

However, during operation of a grinding crusher with flanges, the flanges and
also edges of opposite crusher roller is under a lot of stress and wear, and build-up
material will gather in the transition between the crusher roller surface and the flange.
Such excessive build-up material needs to be removed consistently during operation of
the grinding crusher.
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Prior art has suggested a scraper element for removing build-up material in the
transition between the crusher roller surface and the flange, see for example
AU2018264756 or US5054701.

Proceeding therefrom, it is an object of the present disclosure to provide a roller
crusher having flanges, wherein the flanges and edges of opposing roller crusher ends
are subjected to less stress and wear.

SUMMARY

According to a first aspect of the disclosure, this and other objects are achieved,
in full or at least in part, by a roller crusher having two generally parallel rollers arranged
to rotate in opposite directions, and separated by a gap, each roller having two ends,
the roller crusher comprising:

a flange attached to one of the ends of one of the rollers,

the flange extending in a radial direction of the roller, and

the flange having an extension (H) past an envelope surface of the roller,

wherein the roller crusher further comprises a material removal device,
comprising:

a rotatable cutter unit having a plurality of cutter elements arranged tangentially
about the rotatable cutter unit at a respective radial distance from a rotational axis of the
rotatable cutter unit; and

a rotation device arranged to rotate the rotatable cutter unit,

wherein the rotatable cutter unit is arranged at an end of a roller having a flange
and thereby, when being rotated by the rotation device, at least partially allow cutting
away material accumulated on the flange and/or on the envelope surface at an end
portion of the roller adjacent the flange,

wherein each of the cutter elements of the plurality of cutter elements presents
an impact surface arranged to face the material to be cut away, and

wherein each of the impact surfaces comprises a polycrystalline diamond (PCD).

With the term “impact surface” is herein meant a surface of the cutter element
that at least partly faces in a tangential direction of motion defined at the impact surface
and directed along a rotational direction of the rotatable cutter unit. In other words, the
impact surface has a projection in a plane being orthogonal to said tangential direction
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of motion which projection is larger than zero. As readily appreciated by the person
skilled in the art, this achieves the effect that when the material removal device is
arranged on a roller crusher, the impact surfaces may be arranged such that it at least
partially faces the material to be removed. The impact surface may include one or more
sub surfaces, termed herein as portions. These may be shaped in different ways and
thus fulfil the above criterion of non-zero projection to a different degree. However, all
surfaces that in one way or another faces the material to be removed will form a part of
the impact surface. Surfaces which do not fulfil the above criterion may still be exposed
to wear, but of an abrasive nature rather than an impact driven. Thus, these abrasive
surfaces are not termed herein as impact surfaces. This may be expressed in an
alternative way: Each cutter element may present one or more wear surfaces wherein
said one or more wear surfaces include said impact surface arranged to face the
material to be cut away and optionally one or more abrasive surfaces.

A first advantage of having impact surfaces comprising a polycrystalline diamond
(PCD) is that the wear life of the cutter element is considerably prolonged. Normally
such impact surfaces would comprise wear resistant material such as ceramic or
composite materials comprising Tungsten carbide, Titanium carbide, or Vanadium
carbide, but with an impact surface comprising polycrystalline diamond (PCD), the wear
life may be prolonged with up to about 50 times in comparison with only comprising e.g.
a composite material comprising Tungsten carbide.

It is conceivable to provide further surfaces of the cutter element with a
polycrystalline diamond (PCD). For example, side surfaces of the cutter element which
do not form part of the impact surface and therefore may be regarded as abrasive
surfaces may comprise a polycrystalline diamond (PCD). Such side surfaces of the
cutter element may include e.g. a surface of the cutter element which faces the flange, a
surface of the cutter element which faces away from the flange, and a surface of the
cutter element which faces the roller surface. Thus, it should be understood that the
current inventive concept should not be construed as limited to cutter element having
only its impact surface (i.e. its frontward facing surface) comprising a polycrystalline
diamond (PCD).
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According to one embodiment, the cutter element further comprises a wear
resistant material in which the polycrystalline diamond (PCD) is at least partly
embedded.

The polycrystalline diamond (PCD) may in an alternative embodiment be
attached to a surface of a wear resistant material of the cutter element.

The wear resistant material may comprise a ceramic material, such as Titanium
carbide, Vanadium carbide or Tungsten carbide; a metal ceramic composite material,
such as cemented carbides, e.g. Titanium carbide, Tungsten carbide or Vanadium
carbide with cobalt as a binder; or a metal matrix composite material comprising
Titanium carbide, Tungsten carbide or Vanadium carbide.

In one embodiment, the wear resistant material is a cemented carbide comprising
Tungsten carbide and, as a binder, cobalt in which the binder content may be 10-15
wi%.

In one embodiment, the polycrystalline diamond (PCD) is embedded in Tungsten
carbide, Vanadium carbide, or Titanium carbide.

According to one embodiment, the impact surface of the cutter element may
comprise a layer of polycrystalline diamond (PCD). The layer of polycrystalline diamond
(PCD) may have a thickness of 0.4 to 3.2 mm, or 1.0 to 2.0 mm, or 1.35 to 1.8 mm, or
1.4 to 1.6 mm, or about 1.5 mm.

According to one embodiment, the impact surface of the cutter element may
comprise two or more layers of polycrystalline diamond (PCD). Other surfaces, such as
abrasive surfaces, or wear surfaces, of the cutter element may also comprise two or
more layers of polycrystalline diamond (PCD). The two or more layers may be attached
to each other e.g. by an adhesive. The number of layers and/or the thickness of
individual layers may depend on grain size and/or the application for which it is used.

The diamond grain size of the polycrystalline diamond (PCD) of the impact
surface may be 0.8 to 30 um, as determined by image analysis using a Scanning
Electron Microscope (SEM).

The grain size of diamond may be measured by various measurement
techniques, such as laser size analysers or by scanning electronic microscopes (SEM).
One example of a laser size analyser is a Malvern Particle size analyser equipment
which is based on laser diffraction. The values determined using the laser size analyser
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may be the initial diamond grain size that for some embodiments may later be subjected
to High Pressure High Temperature Sintering. When the diamond particles have been
sintered and compacted to form the polycrystalline diamond (PCD) of the impact
surface, an image analysis by means of scanning electron microscopy is used to
determine the end microstructural grain size distribution, i.e. the diamond grain size of
the polycrystalline diamond (PCD) of the impact surface.

The roller crusher of the first aspect may be advantageous as it allows removing
built-up material accumulated on the flange and/or on the envelope surface at an end
portion of the roller adjacent the flange in a more efficient way. The rotatable cutter unit
could be regarded as a plurality of movable impact surfaces, each of these impact
surfaces being defined on a respective one of the plurality of cutter elements. The
material is removed as a result from the impact forces created between the material
build-up on the roller and these impact surfaces during operation. The impact forces will
increase with an increase in relative speed between the material build-up (i.e.
determined by the tangential speed of the envelope surface, also termed herein as roller
surface, or outer surface, of the roller with a flange) and the speed of the impact surface
(i.e. determined by the tangential speed of the cutter elements on the rotatable cutter
unit). By the provision of a rotatable cutter unit, the material removal is not solely relying
on the impact forces created by the movement of the roller with respect to the material
removal device, as is the case when the material removal device is a stationary scraper
and thus defines a stationary impact surface. Instead, by rotating the rotatable cutter
unit, an impact surface of the rotatable cutter unit may obtain a considerable tangential
speed on its own. If rotating the rotatable cutter unit in the same rotational direction as
the roller with the flange, the impact forces may be considerably increased, allowing a
more efficient and reliable material removal. A further advantage of the rotatable cutter
unit is that it allows tailoring the impact forces for the specific situation. There may for
example be situations where it is less desirable to have a high impact force. For such
situations, the rotating speed of the rotatable cutter unit may be reduced to lower the
impact forces during material removal without affecting the operation of the crusher
itself (i.e. the rotating speed of the roller with the flange can be kept constant). It may
even be situations where it is desirable to lower the impact forces beyond what can be
achieved with a stationary scraper. For such situations, the rotatable cutter unit may be
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rotated in a rotational direction opposite to the rotational direction of the roller with the
flange. A yet further advantage of the rotatable cutter unit is that the provision of a
plurality of cutter elements increases the overall wear resistance of the material removal
device as compared to a stationary scraper. The plurality of cutter elements will share
the wear, whereby individual cutter elements will have a longer expected lifetime. This
allows increasing the time period of operation before material removal device
maintenance, hence reducing down-time of the roller crusher.

As readily appreciated by the person skilled in the art, the rotatable cutter unit
may be rotated about a cutter unit rotational axis. The cutter unit rotational axis is
preferable parallel with a rotational axis of the roller with a flange. However, it is
conceivable that the cutter unit rotational axis is angled with respect to the rotational
axis of the roller with a flange, as will be described in more detail in what follows.

The rotatable cutter unit may be arranged such the cutter unit rotational axis
forms a tilt angle ¢ with respect to the rotational axis of the roller in the radial plane of
the roller which intersects the cutter unit rotational axis. This implies that the rotatable
cutter unit will be unparallel with the flange of the roller, resulting in a varying distance
between the rotatable cutter unit and the flange in the radial direction of the roller. The
tilt angle ¢ may be in the range of 0 to 90 degrees, preferably within the range 0 to 45
degrees.

The rotatable cutter unit may alternatively, or additionally, be arranged such the
cutter unit rotational axis forms a skew angle ¢ with respect to the rotational axis of the
roller in the tangential plane of the roller which is orthogonal to said radial plane of the
roller which intersects the cutter unit rotational axis. This implies that the rotatable cutter
unit will be unparallel with the flange of the roller, resulting in a varying distance
between the rotatable cutter unit and the flange along the tangential direction of the
roller surface. The skew angle ¢ may be in the range of 0 to 20 degrees, preferably
within the range 0 to 15 degrees. Preferably, the skew angle ¢ is defined such that the
distance between the rotatable cutter unit and the flange is at its minimum on an
upstream end of the material removal device. This may be advantageous as it may
facilitate removal of the broken off build-up material at the down-stream end of the
material removal device as a result of the distance between the rotatable cutter unit and
the flange being wider there.
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The rotatable cutter unit may be rotated in the same rotational direction as the
rotational direction of the roller with a flange. Alternatively, the rotatable cutter unit may
be rotated in a rotational direction being opposite to the rotational direction of the roller
with a flange. The rotational speed of the rotatable cutter unit may be within the range of
1 rpm up to 200 rpm. As readily appreciated by the person skilled in the art, the
important factor will be the relative difference in tangential velocity between the roller
surface and the cutter elements of the rotatable cutter unit at the point of impact
between the same. If the rotatable cutter unit rotates along the same rotational direction
as the rotational direction of the roller with a flange, the highest relative difference in
tangential velocity will typically be obtained. If the rotatable cutter unit rotates along the
rotational direction being opposite to the rotational direction of the roller with a flange,
the relative difference in tangential velocity will be lower. At a particular ratio between
the rotational speed of the roller and the rotational speed of the rotatable cutter unit, the
relative difference in tangential velocity will be zero which will result in loss of cutting
action. Therefore, when operating the rotatable cutter unit along the rotational direction
being opposite to the rotational direction of the roller, care must be taken to avoid this
operating condition. For an efficient cutting operation, the relative tangential speed is
preferably higher than 1.25 times the tangential speed of the roller surface.

The rotatable cutter unit may be mounted on, or attached to, a rotating shaft. The
rotating shaft may be a through-going rotating shaft. This implies that the rotating shaft
extends through the rotatable cutter unit. This may be advantageous as it allows
supporting the rotating shaft at both ends of the rotatable cutter unit, hence providing
improved structural integrity. It is however conceivable that the rotatable cutter unit is
mounted on, or attached to, a rotating shaft which is not through-going. This may have
the advantage that it is easier to replace the rotatable cutter unit.

The rotatable cutter unit has a plurality of cutter elements arranged tangentially
about the rotatable cutter unit. This implies that the cutter elements are arranged along
a periphery of the rotatable cutter unit. In other words, each cutter element will be
arranged on a circular path. It further implies that the cutter elements are arranged
radially distanced from the cutter unit rotational axis. Preferably, the cutter elements are
arranged at the same radial distance from the cutter unit rotational axis. However, it is
conceivable that the cutter elements are arranged at different radial distances from the
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cutter unit rotational axis. For example, every other cutter element may be arranged at a
first radial distance from the cutter unit rotational axis and remaining cutter element
arranged at a second radial distance from the cutter unit rotational axis, wherein the first
and second radial distances are different. This may allow providing a material removal
device which increases the material removal efficiency once it has reached a certain
degree of wear. The cutter elements may be mutually equidistantly arranged
tangentially about the rotatable cutter unit. This implies that the distance between one
cutter element and its neighbour will be the same for all cutter elements. It is however
also conceivable that the cutter elements are arranged at different distances from each
other.

The rotatable cutter unit may be integrally formed by a single element. This
implies that the plurality of cutter elements will constitute radially extended protrusions
on such a single element. Alternatively, the rotatable cutter unit may be an assembly of
two or more elements. This will be further described hereinbelow and example
embodiments will be defined.

Each cutter element of the plurality of cutter elements presents an impact surface
arranged to face the material to be cut away. The term “impact surface” should be
construed as any surface of the cutter element which makes first contact with material
accumulated on the flange and/or on the envelope surface at an end portion of the roller
adjacent the flange. This implies that the impact surface faces the material to be
removed.

According to an embodiment, the impact surface is substantially planar and
arranged transverse to a tangential direction of motion of the cutter element. This
example embodiment resembles the geometry of a stationary scraper of the prior art
and may be easier and cheaper to manufacture due to its inherit simplicity.

According to one embodiment, the rotatable cutter unit is arranged such that the
plurality of cutter elements during operation passes at a distance to the flange and/or to
the outer surface at the end of the roller.

The distances between the cutter elements and the roller surface and/or flange
may alternatively be defined using a minimum roller distance and a minimum flange
distance, respectively. The minimum roller distance is defined as the minimum distance

between a cutter element and the envelope surface of the roller. Similarly, the minimum
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flange distance is defined as the minimum distance between a cutter element and an
inner surface of the flange.

According to an embodiment, the rotatable cutter unit is arranged at a first end of
the material removal device, and the rotation device is arranged at a second, opposite,
end of the material removal device, and wherein the rotatable cutter unit extends in a
reference plane which is orthogonal to the rotational axis.

According to one embodiment, each impact surface of the plurality of cutter
elements is substantially planar and arranged to incline in a relation to a normal of the
reference plane, as defined in front of the impact surface, and incline such that a
distance between the normal and the impact surface decreases towards the flange. The
normal is defined as a line which is orthogonal to the reference plane. When the
material removal device is arranged in relation to the roller in an untilted way, the
reference plane will be parallel with a plane defined by the inner surface of the flange.
For such a configuration, the normal is also orthogonal to the inner surface of the
flange. However, as will be described later herein, the roller crusher of the disclosure is
not limited to such an arrangement, and tilted configurations where the reference plane
of the rotational cutter unit and the plane defined by the inner surface of the flange are
unparallel with each other, are also conceivable.

An advantage of having the impact surface in an inclination in relation to the
normal of the reference plane with a decreasing distance towards the flange, is that the
material removed from the position in the corner formed by the envelope surface of the
roller and the inner surface of the flange will be urged by the inclined impact surface
towards the centre of the roller instead of being squeezed and compacted between the
cutter element and the inner surface of the flange. With the term “inner surface” is
meant the surface of the flange that faces the centre of the roller. Thus, the inner
surface of the flange will be in contact with the material to be crushed.

According to one embodiment, the impact surface may be substantially planar.
Therefore, the varying distance as described hereinabove may, according to this
embodiment, be further expressed in terms of an angle a defined between the impact
surface and the normal of the reference plane, wherein the angle a is defined within a
tangential plane of the cutter element which is orthogonal to the reference plane. This
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angle a may be 1 to 45°, 1 to 35°, 110 30°, 1 to 15°, or 2to 10°, or 3to 8°, or 4 to 6°, or
5°.

With “tangential plane of the cutter element” is herein means a plane which is
parallel with the tangential direction of motion of the cutter element, as defined at the
impact surface and directed along a rotational direction of the rotatable cutter unit, and
which plane is orthogonal to the reference plane. Thus, each cutter element of the
plurality of cutter elements have an associated tangential plane, which are all angled
with respect of each other as a result from the cutter elements being arranged
tangentially about the rotatable cutter unit.

According to an embodiment, the impact surface has a front portion and a rear
portion which interconnect each other, wherein the front portion is arranged upstream of
the rear portion as seen in relation to a tangential direction of motion of the cutter
element and wherein the front portion is arranged closer to the flange than the rear
portion. This may be advantageous as it allows creating very strong impact forces on
localized regions of the material build-up on the roller with the flange with the front
portion, thereby increasing the likelihood of breaking away larger portions of material.
The rear portion may then step in and aid in further removing material from the roller
and/or conveying the already removed material away from the flange region.

According to an embodiment, the rear portion is shaped so as to convey cut
away material in a direction away from the flange. This implies that the rear portion is
shaped to achieve a propeller of turbine effect.

According to an embodiment, the rear portion is substantially planar and forms an
oblique angle with respect to the tangential direction of motion of the cutter element.
This may be advantageous as it is relatively easy and cheap to manufacture.

According to an embodiment, the rear portion is curved inwardly so as to form a
bowl-shape, also called concave shape. The bowl-shape may further enhance the
propeller effect and thereby further enhance the conveying of already
removed/loosened material from the flange region.

According to one embodiment, each of the cutter elements has a surface facing
the flange, which surface has an extension from its impact surface tangentially towards
a rear end thereof, wherein the cutter element is structured and arranged such that a
distance between the surface facing the flange and the rotation device decreases
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towards the impact surface over at least a part of the extension. With the expression
“which surface has an extension from its impact surface tangentially towards a rear end
thereof”, it is meant that the cutter element has an extension on its back side. The
surface facing the flange will thus be located downstream of the impact surface. Thus,
the “extension [...] tangentially”-phrasing should be construed broadly and be read to
encompass any surface which has an extension, or dimension, which is substantially
parallel with a tangential direction of motion at the position of the cutter element. This
extension does not have to be the main extension of the cutter element.

An advantage of cutter elements with such a structure and arrangement is that
the material removed from the position in the corner formed by the outer surface of the
roller and the inner surface of the flange will be prone to flow along this surface of the
cutter element facing the flange, and as the distance is increasing away from and
downstream of the impact surface, the removed material will be allowed to be removed
towards the center of the roller instead of being squeezed and compacted between the
cutter element and the inner surface of the flange.

According to one embodiment, the surface facing the flange is substantially
planar. Therefore, the varying distance as described hereinabove may, according to this
embodiment, be further expressed in terms of an angle B defined between the surface
facing the flange and the reference plane, wherein the angle B is defined within a
tangential plane of the cutter element which is orthogonal to the reference plane. The
angle B may be 1 to 45°, 1 to 40°, 1 to 30°, 5 to 25°, or 5to 20°, or 5to 15°, or 8 to 12°,
or 10°.

According to one embodiment, each of the cutter elements has a surface facing
the flange, which surface comprises a polycrystalline diamond (PCD). Alike with the
polycrystalline diamond (PCD) on the impact surface, also on this surface facing the
flange, the polycrystalline diamond (PCD) may be at least partially embedded in a wear
resistant material, as defined above.

According to one embodiment, each of the plurality of cutter elements has a
surface facing away from the flange, which surface has an extension tangentially from
the impact surface towards a rear end thereof, wherein the cutter element is structured
and arranged such that a distance between the surface facing away from the flange and
the rotation device decreases towards the impact surface over at least a part of the
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extension. On the at least one cutter element, the surface facing away from the flange is
opposite to the surface facing the flange. As readily appreciated by the person skilled in
the art, a distance defined between a surface facing away from the flange and the
rotation actuator must inevitably be defined as going through the cutter element which
presents said surface. In the context of defining the distance, the term “surface” should
thus be construed as a mathematical or geometrical surface. Again, the cutter element
provides a surface which will urge the removed material to be moved towards the centre
of the roller, which is beneficial.

According to one embodiment, the surface facing away from the flange includes
a surface which is substantially planar. Therefore, the varying distance as described
hereinabove may, for this embodiment, be further expressed in terms of an angle y
defined between the surface which faces away from the flange and the reference plane,
wherein the angle y is defined within a tangential plane of the cutter element which is
orthogonal to the reference plane. The angle y may be 1 to 45°, or 1 to 40°, or 1 to 30°,
or 510 25°, or 5 t0 20°, or 5 to 15°, or 8 to 12°, or 10°. Although preferably angled such
that the distance between the surface facing away from the flange and the rotation
device decreases towards the impact surface over at least a part of the extension, it is
also conceivable to provide a cutter element having a surface facing away from the
flange arranged such that the distance between said surface facing away from the
flange and the rotation device increases towards the impact surface over at least a part
of the extension. As readily appreciated by the person skilled in the art, this will for a
substantially planar surface be defined using negative angles y using the above
definition. For such embodiments, the angle ¥ may hence be -1 to -45°, or -1 to -40°, or -
1 to -30°, or -5 to -25°, or -5 to -20°, or -5 to -15°, or -8 to -12°, or -10°.

According to one embodiment, the plurality of cutter elements is arranged to form
axial protrusions on one or both sides of the rotatable cutter unit. Phrased in differently,
the plurality of cutter elements is arranged such that they axially protrude outside one or
both axial end(s) of the remaining part of the rotatable cutter unit. Thus, when the
rotatable cutter unit is arranged in a roller crusher for operation and the plurality of cutter
elements has an axial extension towards the flange, then a distance between the
plurality of cutter elements and the flange is narrower than a distance between the
remaining part of the rotatable cutter unit and the flange. An advantage with this is that,
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upon arranging and operating the rotatable cutter unit in a roller crusher, the material
removed will, as soon as it has flown past along the surface of the cutter unit facing the
flange, easily be removed via the wider gap between the inner surface of the flange and
the remaining part of the rotatable cutter unit, and flow towards the centre of the roller
instead of being squeezed and compacted between the rotatable cutter unit and the
inner surface of the flange.

According to one embodiment, the axial protrusions have axial extensions within
the range of up to 75 mm, or 5 to 50 mm, or 10 to 40 mm. Although the above disclosed
ranges are currently preferred, it is contemplated that axial extensions could also be
larger than 75 mm. The axial extension may depend on the roller crusher, the operating
conditions, and the material to be crushed etc. Thus, the axial extension must be
chosen based on parameters such as, but not limited to, the crushing gap, the size of
the crushing rolls, and the size of the build-up material to be removed. A bigger material
build-up may require a bigger axial extension.

According to one embodiment, the rotatable cutter unit extends in a reference
plane which is orthogonal to the rotational axis of the rotatable cutter unit, wherein each
of the plurality of cutter elements extends in the reference plane along a cutter element
axis towards the impact surface, and wherein the cutter element axis forms a first acute
angle along a reference rotational direction with a radial axis of the rotatable cutter unit
which radial axis intersects with the cutter element. An advantage with this is that the
impact forces acting upon the impact surface will become substantially aligned with the
cutter element axis during operation and will more likely be absorbed in the direction of
the cutter element axis, which is well supported and attached by the rotatable cutter
unit.

According to one embodiment, each impact surface of the plurality of cutter
elements extends in a plane which has a normal which forms an acute angle along the
reference direction with the cutter element axis. Again, an advantage with this is that the
impact forces acting upon the impact surface become even more substantially aligned
with the cutter element axis during operation and will more likely be absorbed in the
direction of the cutter element axis, which is well supported and attached by the
rotatable cutter unit.
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According to one embodiment, each of the plurality of cutter elements has a
surface facing away from the flange and a surface facing the flange, and wherein at
least one of the surface facing away from the flange and the surface facing the flange
comprises ceramic inserts. Arranging ceramic inserts on these surfaces will prolong the
wear life of the cutter elements.

According to an embodiment, each cutter element of the plurality of cutter
elements comprises a cutter element holding structure and an
attached thereto, wherein the active cutter element presents said impact surface. This
may be advantageous as it allows using dedicated cutter elements which may thus be
tailored specifically for the cutting. Another advantage is that the active cutter element
may be replaced when worn out without having to replace the cutter element holding
structure, which may thus be reused. This may reduce the overall waste and cost.

According to an embodiment, the rotatable cutter unit has an annular
engagement portion and wherein each cutter element of the plurality of cutter elements
is releasably arranged to the annular engagement portion. The term “annular
engagement portion” should be construed as an annularly shaped part of a structure,
which could consist of one element or an assembly of elements, which forms an outer
periphery onto which the plurality of cutter elements can be releasably arranged. The
annular engagement portion could e.g. be the peripheral annular portion of a rotatable
disc. The provision of releasable cutter element may be advantageous as it allows
selectively replacing individual cutter elements. Thus, if e.g. one cutter element is
damaged, remaining cutter elements may be left untouched and replacement only
undertaken for the damaged element.

According to an embodiment, the rotatable cutter unit further comprises a main
support structure and at least two cutter element support structures, wherein the at least
two cutter element support structures are releasably arranged with respect to the main
support structure and shaped as circular ring sectors which together form a circular ring,
and which circular ring presents the annular engagement portion. In principle, the
rotatable cutter unit may comprise any number of cutter element support structures.
Thus, it is also conceivable to provide a single cutter element support structure.
However, the provision of at least two cutter element support structures has the
advantage that it allows mounting on a main support structure which is rotationally
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arranged on a through-going shaft. The at least two cutter element support structures
may have the same dimensions. Thus, for an embodiment having two cutter element
support structures, each of the cutter element support structures may constitute a 180
degree circular ring sector. Alternatively, for an embodiment having three cutter element
support structures, each of the cutter element support structures may constitute a 120
degree circular ring sector. Alternatively, for an embodiment having four cutter element
support structures, each of the cutter element support structures may constitute a 90
degree circular ring sector. It is also conceivable that the two or more cutter element
support structures have different dimensions. Every embodiment will however have one
thing in common: The at least two cutter element support structures will together form a
circular ring, and the circular ring will present the annular engagement portion. These
example embodiments may be advantageous as they provide a modularity to the
design, hence facilitating easier and faster maintenance. By the provision of the at least
two cutter element support structures, a complete module including several cutter
elements may be removed from the material removal device in a single operation. This
may also improve the speed and reliability when replacing cutter elements on a material
removal device, since every cutter element may be replaced by replacing only the at
least two cutter element support structures.

According to an embodiment, each cutter element of the plurality of cutter
elements is releasably arranged in the annular engagement portion by a geometrical
locking engagement. This may be advantageous as it allows making the construction
impact resistant. During operation, the cutter elements will repeatedly make impact with
material build-up on the roller having a flange, which will result in a torsional load on in
the connection region between the cutter element and the annular engagement portion.
By the provision of a locking engagement, this load may be at least partly absorbed by
the structures themselves, hence reducing load on fasteners, such as e.qg. bolts, screws
and nuts, which are typically used to provide said releasable arrangement of the cutter
elements to the annular engagement portion. The geometrical locking engagement may
be embodied in different ways as will be detailed hereinbelow.

According to an embodiment, the geometrical locking engagement is at least
partly defined by a protruding structure of the cutter element being inserted into an
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associated recess of the annular engagement portion, wherein the protruding structure
and the associated recess has complementary shapes.

This is regarded as a preferred way of providing the locking engagement. It is
achieved by the provision of complementary shapes on the cutter elements and the
annular engagement portion, respectively. Such complementary shapes may be a
protrusion that locks, by its mere shape, to a recess when inserted therein. A simple
example may be a rod protruding into a bore. One conceivable way of providing a
locking engagement could be to provide a plurality of bores directed radially inwardly on
the periphery of the annular engagement portion and allow the cutter elements
protruding into these bores. They may then be secured to the annular engagement
portion by bolting. As readily appreciated by the person skilled in the art, the bolts will
not absorb a majority of the torsional loads, which will instead be absorbed by the bore-
protrusion arrangement having the complementary shapes.

According to an embodiment, the associated recess of the annular engagement
portion is defined on a side surface thereof. This may be advantageous as it allows
easier replacement. The provision of the recesses on a side surface of the annular
engagement portion may reduce the risk of jam between the annular engagement
portion and the cutter elements as a result from dust and contamination entering into
the recesses.

According to an embodiment, each cutter element of the plurality of cutter
elements comprises a cutter element holding structure and an active cutter element
attached thereto, wherein the active cutter element presents said impact surface, and
wherein the protruding structure forms a part of the cutter element holding structure.
This may be advantageous as it allows an even more modular system. The dedicated
cutter elements, termed herein as “active cutter elements” allow for individual
replacement without having to replace the rest of the cutter element (i.e. the cutter
element holding structure). However, during replacement, it is conceivably easier to
replace the whole cutter element to a new one, including thus both the active cutter
element and the cutter element holding structure. Once a cutter element has been
removed, it may however be taken to a workshop or other dedicated facility, at which

the worn-out active cutter element can be replaced by a new one on the cutter element
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holding structure. Thus, the same cutter element holding structure may be used many
times.

According to an embodiment, the cutter element holding structure comprises a
support portion protruding out from the same in a direction counter to a tangential
direction of motion of the cutter element, said support portion being arranged such that
it is supported by the annular engagement portion. This may be advantageous as it
further aids in absorbing the torsional loads exerted in the cutter elements during
operation. When a cutter element makes impact with material on the roller having a
flange, the cutter element will be forced backwards. Since the cutter element is
arranged in the annular engagement portion which is located radially inwardly from the
point of impact (i.e. at the impact surface of the cutter element), the cutter element will
exert a torsional load at the position where the cutter element is arranged in the annular
engagement portion. This will, in turn, result in that the cutter element will strive to bend
backwards around this point. By the provision of the backward-facing protrusion on the
cutter element, this bending will be counteracted by the protrusion being supported by
the annular engagement portion. In a way, this may be regarded as yet another means
of geometrical locking. In some embodiments, the protrusion is supported by the
annular engagement portion by being in direct contact therewith. In other words, the
protrusion may be in abutment with the annular engagement portion. In other
embodiments, the protrusion is supported by the annular engagement portion by being
in direct contact with one or more further elements which in turn are in a direct contact
with the annular engagement portion. Thus, the support may not require abutment.

According to an embodiment, the roller crusher further comprises wear shields
structured and arranged to protect at least parts of the rotatable cutter unit. The wear
shields may be advantageous as they allow protecting the rotatable cutter unit from the
harsh environment in which it is intended to operate. During crusher operation in
general, and in particular during removal of build-up material from the roller with a
flange, there will be a high density of high-velocity stone, sand and dust constantly
impinging on surfaces of the rotatable cutter unit, hence increasing the risk of wear on
the parts, as well as damage due to penetration into cavities and gaps, which may also
increase the complexity of maintenance and replacement.
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According to an embodiment, the roller crusher comprises a first set of wear
shields structured and arranged to protect a first side of the rotatable cutter unit, and a
second set of wear shields structured and arranged to protect a second side of the
rotatable cutter unit, and wherein at least wear shields of one of the first and second
sets of wear shields have edge walls for interconnecting the first and second set of wear
shields at the annular engagement portion between the plurality of cutter elements
when mounted on the rotatable cutter unit. The first set of wear shields may comprise
two or more wear shields. The second set of wear shields may comprise two or more
wear shields. The wear shields may be mounted onto the rotatable cutter unit as a last
step. This implies that, for embodiments having cutter elements which are releasably
arranged to the annular engagement portion, the cutter elements are first arranged to
the annular engagement portion, whereby the first and second sets of wear shields are
mounted onto the rotatable cutter unit. This has the advantage of allowing protection to
the fastening system used to releasably arrange the cutter elements to the annular
engagement portion.

The wear shields may be made of hardened steel, hardened iron, hardened
metals, carbides, braced with tungsten carbides, or high wear-materials such as weld
overlay.

It is conceivable to control the rotational speed of the rotatable cutter unit based
on input from one or more sensors. Such sensors could be e.g. level sensors or gauge
sensors configured to measure properties of the roller with the flange. However, the
rotational speed of the rotatable cutter unit may alternatively or additionally be controlled
based on sensor data from the material removal device itself. For example, the
rotational speed of the rotatable cutter unit may be controlled based on sensor data
pertaining to the rotational velocity of the rotatable cutter unit and/or the torsional strain
in the material removal device.

According to an embodiment, the rotation device comprises a drive unit. The
drive unit may be a motor, such as e.g. an electrical motor. Alternatively, the drive unit
may be pneumatically or hydraulically driven.

According to an embodiment, the rotation device further comprises a
transmission system which includes a gear box. The gear box may be a high-reduction
ratio gear box. For example, the gear box may have a reduction ratio of 4, 6, 8, 10 or 12
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times. It is however conceivable to use higher reduction ratios such as e.g. 60, 80 or
100 times. This may be advantageous as it allows using a less powerful drive unit.

The rotatable cutter unit may be arranged on different positions in relation to the
roller with a flange. Typically, the rotatable cutter unit may be arranged with respect to
the roller with a flange at 5 to 1 o’clock as defined when the rotational direction of the
roller is clockwise.

According to an embodiment, the rotatable cutter unit is arranged with respect to
the roller with a flange at 9 to 12 o’clock as defined when the rotational direction of the
roller is clockwise. This may be advantageous for some roller crushers where access
and/or fastening of the rotatable cutter unit is typically limited at the lower end.

According to an embodiment, the rotatable cutter unit is arranged with respect to
the roller with a flange at 6 to 9 o’clock as defined when the rotational direction of the
roller is clockwise. This may be advantageous for some roller crushers where access
and/or fastening of the rotatable cutter unit is typically limited at the upper end but may
also be advantageous as the removed build-up material in this position easily is directed
towards and removed from the roller crusher through an outlet chute together with the
crushed material below the roller crusher.

According to one embodiment, a periphery of the rotatable cutter unit, as seen
between a pair of adjacent cutter elements of the plurality of cutter elements, has a
radial extension being at least 20 mm smaller than a smallest radial distance of the pair
of adjacent cutter elements.

With “periphery of the rotatable cutter unit “is herein meant a radial extension of
the rotatable cutter unit as defined transverse to the rotational axis.

The provision of a periphery being at least 20 mm smaller than the smallest radial
distance of the pair of adjacent cutter elements may be advantageous as it makes it
easier for removed build-up material to leave the rotatable cutter unit. If the periphery of
the rotatable cutter unit, as seen between the pair of adjacent cutter elements of the
plurality of cutter elements, is too close to the smallest radial distance of the pair of
adjacent cutter elements, there is a risk that removed build-up material may get jammed
between said periphery and the envelope surface of the roller.

The smallest difference between the radial extension of the periphery of the
rotatable cutter unit as seen between the pair of adjacent cutter elements, and the

20



10

15

20

25

30

WO 2024/253791 PCT/US2024/028297

smallest radial distance of the pair of adjacent cutter elements may be a function of roll
diameter. The reason for this is that the crushing gap typically increases with the roll
diameter thereby resulting in more excessive build-up material with a larger thickness
accumulated on the flange and/or on the envelope surface at an end portion of the roller
adjacent the flange. It is contemplated that the above-defined smallest difference must
exceed the thickness of the build-up material. Therefore, the above-defined difference
may have to be larger than 20 mm for roller crushers having large crushing rolls. The
radial extension may be within the range 20 to 150 mm smaller than a smallest radial
distance of the pair of adjacent cutter elements.

According to a second aspect of the disclosure, there is provided a method for
operating a roller crusher according to the first aspect, wherein the method comprises at
least the step of at least partially cutting away material accumulated on the flange
and/or on the envelope surface at an end portion of the roller adjacent the flange by
means of the material removal device.

Similarly, and correspondingly to the first aspect of the disclosure above, this
second aspect of the disclosure will provide substantial advantages over prior art
solutions.

Other objectives, features and advantages of the present disclosure will appear
from the following detailed disclosure, from the attached claims, as well as from the
drawings. It is noted that the disclosure relates to all possible combinations of features.

Generally, all terms used in the claims are to be interpreted according to their
ordinary meaning in the technical field, unless explicitly defined otherwise herein. All
references to “a/an/the [element, device, component, means, step, etc.]” are to be
interpreted openly as referring to at least one instance of said element, device,
component, means, step, etc., unless explicitly stated otherwise. The steps of any
method disclosed herein do not have to be performed in the exact order disclosed,
unless explicitly stated.

As used herein, the term “comprising” and variations of that term are not intended
to exclude other additives, components, integers or steps.

BRIEF DESCRIPTION OF THE DRAWINGS
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The disclosure will be described in more detail with reference to the
appended schematic drawings, which show an example of a presently preferred
embodiment of the disclosure.

Fig. 1 is a perspective view of a roller crusher according to prior art.

Fig. 2A is a schematic top view of two rollers of the roller crusher of Fig. 1.

Fig. 2B is a schematic top view of two rollers of a roller crusher of the prior art
according to an alternative embodiment.

Fig. 3A is a top cross-sectional view of segments of a roller crusher according to
the prior art.

Fig. 3B is a side view of segments of a roller crusher according to an
embodiment of the disclosure.

Fig. 4 is a perspective view of a material removal device according to an
embodiment of the disclosure.

Fig. 5A is a perspective view of a roller crusher having the material removal
device of Fig. 4 at the top of the roller with a flange according to an embodiment of the
disclosure.

Fig. 5B is a perspective view of a roller crusher having the material removal
device of Fig. 4 at the lower end side of the roller with a flange according to another
embodiment of the disclosure.

Fig. 6 is a perspective view of parts of the material removal device of Fig. 4.

Fig. 7 is a perspective view of parts of the material removal device of Fig. 4 and

Fig. 8 is a perspective view of a cutter element support structure and associated
cutter elements of the material removal device of Fig. 4, 6 and 7.

Fig. 9 is a perspective view of a cutter element support structure and associated
cutter elements according to another example embodiment of the disclosure.

Fig. 10 is a perspective view of a cutter element support structure and associated
cutter elements according to yet another example embodiment of the disclosure.

Fig. 11 is a perspective view of a cutter element support structure and associated
cutter elements according to yet another example embodiment of the disclosure.

Fig. 12 is a perspective view of the cutter element support structure and
associated cutter elements of Fig. 10.
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Fig. 13 is a perspective view of wear shields according to an example
embodiment of the disclosure.

Fig. 14 is a perspective view of a material removal device according to another
embodiment of the disclosure.

Fig. 15A is a schematic perspective view of a rotatable cutter unit of a material
removal device in relation to a roller with a flange when the rotatable cutter unit is
arranged at the top of the roller with a flange and tilted by a tilt angle ¢.

Fig. 15B is a schematic side view of the rotatable cutter unit and roller with the
flange of Fig. 15A.

Fig. 15C is a schematic perspective view of a rotatable cutter unit of a material
removal device in relation to a roller with a flange when the rotatable cutter unit is
arranged at the top of the roller with a flange and skewed by a skew angle ¢.

Fig. 15D is a schematic top view of the rotatable cutter unit and roller with the
flange of Fig. 15C.

Fig. 16A is a schematic side view of a rotatable cutter unit and a roller surface of
a roller with a flange for an operating mode where a tangential velocity V¢ of the
rotatable cutter unit is directed opposite to a tangential velocity Vr of the roller surface.

Fig. 16B is a schematic side view of a rotatable cutter unit and a roller surface of
a roller with a flange for an operating mode where a tangential velocity Vc of the
rotatable cutter unit is directed in the same direction as a tangential velocity Vr of the
roller surface, and wherein V¢ is smaller than V.

Fig. 16C is a schematic side view of a rotatable cutter unit and a roller surface of
a roller with a flange for an operating mode where a tangential velocity V¢ of the
rotatable cutter unit is directed in the same direction as a tangential velocity Vr of the
roller surface, and wherein Vg is larger than Vr.

Fig. 17A is a perspective view of a cutter element according to an example
embodiment.

Fig. 17B is an exploded perspective view of the cutter element of Fig. 17A.

Fig. 18A is a perspective view of a material removal device according to another
embodiment of the disclosure.

Fig. 18B is a perspective view of the rotatable cutter unit of the material removal
device of Fig. 18A.
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Fig. 18C is a perspective view of the material removal device of Fig. 18A where
the rotatable cutter unit is omitted.

Fig. 19A is a perspective view of a part of the rotatable cutter unit of Figs 18A
and 18B.

Fig. 19B is a side view of the part of a rotatable cutter unit of Fig. 19A.

Fig. 19C is a top view of the part of a rotatable cutter unit of Fig. 19A.

Fig. 20A is a perspective view of a part of a rotatable cutter unit according to
another embodiment of the disclosure.

Fig. 20B is a side view of the part of the rotatable cutter unit of Fig. 20A.

Fig. 20C is a top view of the part of the rotatable cutter unit of Fig. 20A.

Fig. 20D is an exploded view of a cutter element which forms a part of the
rotatable cutter unit of Fig. 20A.

Fig. 20E is an exploded view of a cutter element support structure and an active
cutter element which forms a part of the rotatable cutter unit of Fig. 20A.

Fig. 21A is a perspective view of a part of a rotatable cutter unit according to
another embodiment of the disclosure.

Fig. 21B is a side view of the part of the rotatable cutter unit of Fig. 21A.

Fig. 21C is a top view of the part of the rotatable cutter unit of Fig. 21A.

Fig. 22A is a perspective view of a part of a rotatable cutter unit according to
another embodiment of the disclosure.

Fig. 22B is a side view of the part of the rotatable cutter unit of Fig. 22A.

Fig. 22C is a top view of the part of the rotatable cutter unit of Fig. 22A.

Fig. 23A is a perspective view of a part of a rotatable cutter unit according to
another embodiment of the disclosure.

Fig. 23B is a side view of the part of the rotatable cutter unit of Fig. 23A.

Fig. 23C is a top view of the part of the rotatable cutter unit of Fig. 23A.

Fig. 24A is a side view of a rotatable cutter unit according to another embodiment
of the disclosure.

Fig. 24B is a perspective view of the rotatable cutter unit of Fig. 24A.

Fig. 24C is a perspective view of a cutter element forming a part of the rotatable
cutter unit of Figs 24A and 24B.
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Fig. 25 is a perspective view of two material removal devices according to
another example embodiment of the disclosure, situated on opposite sides of a frame of

a roller crusher.

DETAILED DESCRIPTION

The present disclosure will now be described more fully hereinafter with
reference to the accompanying drawings, in which currently preferred embodiments of
the disclosure are shown. The present disclosure may, however, be embodied in many
different forms and should not be construed as limited to the embodiments set forth
herein; rather, these embodiments are provided for thoroughness and completeness,
and to fully convey the scope of the disclosure to the skilled addressee. Like reference
characters refer to like elements throughout.

As discussed in the background part of this disclosure, the arrangement of
flanges to the ends of the crushing rollers (as shown in Figs. 1, 2A, and 2B and further
discussed below), either one flange in each end of one of the grinding rollers (as shown
in Fig. 2A and further discussed below), or one flange on each grinding roller (as shown
in Fig. 2B and further discussed below), the crushing effect along the length of the
grinding rollers are maintained. However, these flanges and also the edges of opposite
crusher roller are under a lot of stress and wear during operation of the grinding roller
due to accumulation of grinded material in the transition between the flange and an
outer surface, herein also termed “envelope surface”, of the roller crusher. Prior art has
suggested a scraper element for removing this accumulation of material, but an object
of the present disclosure to proceed from there and ensure that flanges and edges of
opposing roller crusher are subjected to less stress and wear and at the same time
ensure effective removal of accumulation of material as well as economically acceptable
time periods of operation of the roller crusher without need to adjust position or replace
any scrapers within the roller crusher.

With reference to Figs. 1, 2A, 2B, 3A, 3B, and 4 this is achieved, in full or at least
in part by a roller crusher 1 having two generally parallel rollers 3, 4, 3", 4" arranged to
rotate in opposite directions, towards each other, and separated by a gap G, each roller
having two ends. The roller crusher 1 further comprises a flange 36, 36" attached to at
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least one of the ends of one of the rollers 3, 4, 37, 4, which flange 36, 36" extends in a
radial direction of the roller 3, 4, 3", 4" and has a height H above an envelope surface
37,37 of the roller 3, 4, 37, 4°. The roller crusher 1 further comprises a movement
blocking arrangement 20, 20a, 20b structured and arranged to limit the gap G between
the rollers 3, 4, 3", 4" to a minimum gap M. Even further, the roller crusher 1 further
comprises a material removal device 100 having a rotatable cutter 110 positioned at an
end of the roller 3, 4, 37, 4" with a flange, wherein the rotatable cutter unit 110 has a
plurality of cutter elements 120 arranged tangentially about the rotatable cutter unit 110
at a respective radial distance T from a rotational axis A of the rotatable cutter unit 110.
Each of the cutter elements 120 of the plurality of cutter elements 120 presents an
impact surface 131 arranged to face the material to be cut away, and each of the impact
surfaces comprises a polycrystalline diamond (PCD).

With reference to Figs 1, 2A, 2B, 3A, 3B, and 4, this is also achieved, in full or at
least in part, by a method for operating a roller crusher 1 having two generally parallel
rollers 3, 4, 3", 4™ arranged to rotate in opposite directions, towards each other, each
roller having two ends, the roller crusher 1 further comprises a flange 36, 36" attached
to at least one of the ends of one of the rollers 3, 4, 37, 47, which flange 36, 36" extends
in a radial direction of the roller 3, 4, 3", 4" and has a height H above an envelope
surface 37, 37" of the roller 3, 4, 3", 4°. The disclosed method comprises at least the
step of at least partially cutting away material accumulated on the flange 36, 36’ and/or
on the envelope surface 37, 37’ at an end portion of the roller 3, 4, 3", 4" adjacent the
flange 36, 36’ by means of the material removal device 100.

The material removal device 100 having the rotatable cutter unit 110 may be
advantageous as it allows removing built-up material 41 accumulated on the flange 36,
36’ and/or on the envelope surface 37, 37" at an end portion of the roller adjacent the
flange 36, 36’ in a more efficient way. The rotatable cutter unit 110 could be regarded as
a plurality of movable impact surfaces 131a, 131b, each of these impact surfaces 131a,
131b being defined on a respective one of the plurality of cutter elements 120. The
material 41 is removed as a result from the impact forces created between the material
build-up 41 on the roller 3, 4, 3", 4" and these impact surfaces 131a, 131b during
operation. The impact forces will increase with an increase in relative speed between
the material build-up 41 (i.e. determined by the tangential speed of the envelope surface
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37, 37’ of the roller 3, 4, 37, 4" with a flange) and the speed of the impact surface 131a,
131b (i.e. determined by the tangential speed of the cutter elements 120 on the
rotatable cutter unit 110). By the provision of a rotatable cutter unit 110, the material
removal is not solely relying on the impact forces created by the movement of the roller
3, 4, 37, 4" with respect to the material removal device 100, as is the case when the
material removal device is a stationary scraper and thus defines a stationary impact
surface. Instead, by rotating the rotatable cutter unit 110, an impact surface 131a, 131b
of the rotatable cutter unit 110 may obtain a considerable tangential speed on its own. If
rotating the rotatable cutter unit 110 in the same rotational direction as the roller 3, 4, 3,
4" with the flange 36, 36’, the impact forces may be considerably increased, allowing a
more efficient and reliable material removal. A further advantage of the rotatable cutter
unit 110 is that it allows tailoring the impact forces for the specific situation. There may
for example be situations where it is less desirable to have a high impact force. For
such situations, the rotating speed of the rotatable cutter unit 110 may be reduced to
lower the impact forces during material removal without affecting the operation of the
crusher itself (i.e. the rotating speed of the roller 3, 3" with the flange 36, 36" can be
kept constant). It may even be situations where it is desirable to lower the impact forces
beyond what can be achieved with a stationary scraper. For such situations, the
rotatable cutter unit 110 may be rotated in a rotational direction opposite to the
rotational direction of the roller 3, 3" with the flange 36, 36°. A yet further advantage of
the rotatable cutter unit 110 is that the provision of a plurality of cutter elements 120
increases the overall wear resistance of the material removal device 100 as compared
to a stationary scraper. The plurality of cutter elements 120 will share the wear, whereby
individual cutter elements 120 will have a longer expected lifetime. This allows
increasing the time period of operation before material removal device maintenance,
hence reducing down-time of the roller crusher 1.

Fig. 1 shows a roller crusher 1 according to the prior art. Such roller crusher 1
comprises a frame 2 in which a first, fixed crusher roller 3 is arranged in bearings 5, 5.
The bearing housings 35, 35" of these bearings 5, 5° are fixedly attached to the frame 2
and are thus immoveable. A second crusher roller 4 is arranged in the frame 2 in
bearings 6, 6’ which are arranged in the frame 2 in a slidable moveable manner. The
bearings 6, 6’ can move in the frame 2 in a direction perpendicular to a longitudinal
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direction of the first and second crusher rollers 3, 4. Typically a guiding structure 7, 7’ is
arranged in the frame on first and second sides 50, 50’ along upper and lower
longitudinal frame elements 12, 12’, 13, 13’ of the roller crusher 1. The bearings 6, 6’
are arranged in moveable bearing housings 8, 8 which can slide along the guiding
structure 7, 7°. Further, a number of hydraulic cylinders 9, 9’ are arranged between the
moveable bearing housing 8, 8 and first and second end supports 11, 11’ which are
arranged near or at a first end 51 of the roller crusher 1. These end supports 11, 11’
attach the upper and lower longitudinal frame elements 12, 12’, 13, 13’ and also act as
support for the forces occurring at the hydraulic cylinders 9, 9’ as these are adjusting
the gap width and reacting to forces occurring at the crusher rollers due to material fed
to the roller crusher 1.

Such roller crushers work according to a technique called interparticle crushing.
The crushing rollers 3, 4 rotates counter to each other as illustrated schematically in Fig.
1 using the arrows. The gap between the crushing rollers 3, 4 is adjusted by the
interaction of feed load and the hydraulic system effecting the position of the second
crusher roller 4. As shown in Fig. 1 and also in Fig. 2A which shows the rollers 3, 4 from
above, one of the grinding rollers 3 further comprises flanges 36, 36’ arranged at
opposite ends of the grinding roller 3, wherein each flange 36, 36’ has an outer edge
that extends a height H (see Fig. 3A and 5A) radially past the outer surface 37 of the
roller body of the grinding roller 3, and positioned axially outward of the roller body of
the opposite grinding roller 4.

Another prior art roller crusher is disclosed in e.g. WO2013/156968, in which
each of the grinding rollers with bearings is arranged in interconnected arch-shaped
frame sections, wherein each interconnected arch shaped frame sections are pivotably
connected to a base frame. The disclosed subject matter within this disclosure is
equally applicable in such a prior art roller crusher arrangement.

As also illustrated in Fig. 3A, each flange 36 is arranged on an end of the roller 3
such that an inner surface 39 of the flange 36 is located at a distance F from the end of
the opposing roller 4. The distance F is necessary to avoid contact between the flange
36 and roller 4 which could lead to material damage. At the same time, the distance F
should not be too large, as that increases the risk of material leaving the roller crusher
through the gap G thus formed. The distance F may be realized by mounting the flange
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36 to the roller 3 via shims 15, best illustrated in Fig. 3A. The purpose of the flanges 36,
36’ is to prevent material from exiting the gap G at the end thereof, thereby forcing all
material that enters the roller crusher to pass through the crushing gap G to be crushed.
An alternative embodiment of a roller crusher with flanges is illustrated in Fig. 2B. The
only difference between the two embodiments is that the roller crusher in Fig. 2B has
flange 36 disposed on the second grind roller 4’ instead of the first grind roller 3°, which
means that each of the grinding rollers 3’, 4’ has one flange 36, 36’ each. As readily
appreciated by the person skilled in the art, the technical effect of preventing material to
exit the crusher 1, 1’ at the ends of the gap G will be equally well achieved for both
disclosed embaodiments. Importantly, the disclosed inventive concept is equally
applicable to both these embodiments.

As initially described, a problem with this type of grinding assemblies is that
material tend to build up at the corner 40 (see Fig. 3A) between the outer surface 37 of
the grinding roller 3 and the inner surface 39 of the flange 36, 36’. Such material build-
up 41 is schematically illustrated in Fig. 3A for the roller crusher 1 of Figs 1 and 2A, and
is generally unwanted as it generates increased local loads in this area during
operation, which may cause wear, damage and/or deformation on the opposite grinding
roller 4 which does not have a flange and may also cause strain and/or deformation of
the flange 3, 3". To provide a solution to this problem, means for removing at least a
part of this build-up material 41 is provided.

Fig. 3B illustrates schematically the rotatable cutter unit 110 of a material removal
device 100 according to an embodiment of the disclosure. The material removal device
100 is illustrated in its entirety in Fig. 4, to which the reader is also referred. The
material removal device 100 will be described in detail later. For the purpose of the
present description of its material removing function, it will suffice to mention that the
material removal device 100 has a rotatable cutter unit 110 which presents a plurality of
impact surfaces 131a, 131b. When the rotatable cutter unit 110 is rotated, the plurality
of impact surfaces 131a, 131b will make impact with build-up material 41 at the roller 3
having a flange 36, which will result in the material removal device 100 being able to cut
away material from said build-up 41. The nature of the material build-up 41 and the
speed at which the impact surfaces 131a, 131b and the material build-up 41 meets,
tend to make material removal substantially impact-driven. Hence, instead of creating a
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carved recess in the build-up material 41, large surface portions of the material build-up
41 are more or less instantaneously broken off when encountering the impact surfaces
131a, 131b. This is schematically illustrated in Fig. 3B. The remaining portion of the
material build-up 41 has been found to present a relatively uniform outer surface. It is
often not necessary to remove the material build-up 41 completely. Preferably, only
parts of the build-up 41 should be removed. The partial removal of the material build-up
41 will reduce overall wear of the rotatable cutter unit 110 as it is exposed to a
significantly less degree of wear when positioned further away from the roller surface 37
and the flange 36. The positioning of the rotatable cutter unit 110 in relation to the roller
3 and flange 36 is however not the focus of the disclosure, and the rotatable cutter unit
110 may be positioned in many different ways dependent on the application.

After having described the function of the material removal device in the context
of the roller crusher and in particular the roller 3 with a flange 26 as illustrated in Figs 3A
and B, the material removal device will now be described in detail with reference to Figs
410 13.

Figure 4 illustrates a material removal device 100 according to an example
embodiment of the disclosure. In Fig. 4, all parts of the material removal device 100 are
shown, which means that some parts will inevitably shield other parts. Therefore, we
refer already here to Fig. 6 which illustrates the inner parts of the material removal
device 100, Fig. 7 which illustrates the outer parts of the rotatable cutter unit 110 of the
material removal device 100, Fig. 8 which illustrate one of the cutter element support
structures 140 of the material removal device 100, and Fig. 13 which illustrates the wear
shields 160, 165 of the material removal device 100.

The material removal device 100 consists of three main parts: A rotatable cutter
unit 110 which is attached to a rotating shaft 150 which is supported by brackets 151a,
151b, a transmission system 180 connected to the rotating shaft 150, and a rotation
device 190, which may comprise a drive unit 195 connected to the transmission system
180. The drive unit 195 may be a motor, such as e.g. an electrical motor. Alternatively,
the drive unit 195 may be pneumatically or hydraulically driven. The transmission
system 180 may include a gear box 185 (schematically indicated in Fig. 4). The gear
box 185 may be a high-reduction ratio gear box 185. For example, the gear box 185
may have a reduction ratio of 4, 6, 8, 10 or 12 times. It is however conceivable to use
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higher reduction ratios such as e.g. 60, 80 or 100 times. This may be advantageous as
it allows using a less powerful drive unit 195.

The material removal device 100 is mounted on the roller crusher 1 such that the
rotatable cutter unit 110 is located at a preferred region of material removal at the roller
3 with a flange 36. This is schematically illustrated in Figs 5A and B, which shows two
conceivable locations at which to locate the material removal device 100 with respect to
the roller 3 which rotates around rotational axis F. In Fig SA, the material removal device
100 is located at the top of the roller crusher, at or around 12 o’clock as defined when
the rotational direction of the roller is clockwise. In Fig. 5B, the material removal device
100 is instead located at a bottom side of the roller crusher, at about 8 o’clock as
defined when the rotational direction of the roller is clockwise. There are advantages
associated with both these positions, and the decision of where to locate the material
removal device 100 will likely depend more on specific constrains and requirements of
the roller crusher than on the mere efficiency of the cutting. Again a position around 12
o’clock may be advantageous for some roller crushers where access and/or fastening
of the rotatable cutter unit is typically limited at the lower end, while a position about 8
o’clock may advantageous for some roller crushers where access and/or fastening of
the rotatable cutter unit is typically limited at the upper end but may also be
advantageous as the removed build-up material in this position easily is directed
towards and removed from the roller crusher through an outlet chute together with the
crushed material below the roller crusher.

The rotatable cutter unit 110 will now be described in detail with reference to the
above referenced figures. The rotatable cutter unit 110 has a plurality of cutter elements
120 arranged tangentially about the rotatable cutter unit 110 at a respective radial
distance T from a rotational axis A thereof (See Fig. 4). Each cutter element 120
presents an impact surface 131a, 131b arranged to face the material to be cut away.
The rotatable cutter unit 110 is arranged to rotate along a rotational direction R about
the cutter unit rotational axis A. When rotating in this manner, the impact surface 131a,
131b will make contact with material build-up 42 at the roller 3 with the flange 26, and
cut away at least a part thereof, as detailed earlier with reference to Figs. 3A and B. The
rotatable cutter unit 110 shown in Fig. 7 has twelve cutter elements 120. It is however
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conceivable to have less, or more, cutter elements, and some example embodiment
illustrating this will be discussed later.

As illustrated in Fig. 4, a periphery 153 of the rotatable cutter unit 110, as seen
between a pair of adjacent cutter elements 120 of the plurality of cutter elements 120,
has a radial extension K being at least 20 mm smaller than a smallest radial distance T
of the pair of adjacent cutter elements 120.

The provision of a periphery 153 being at least 20 mm smaller than the smallest
radial distance T of the pair of adjacent cutter elements 120 may be advantageous as it
makes it easier for removed build-up material 41 to leave the rotatable cutter unit 110. If
the periphery 153 of the rotatable cutter unit 110, as seen between the pair of adjacent
cutter elements 120 is too close to the smallest radial distance K, there is a risk that
removed build-up material 41 may get jammed between said periphery 153 and the
envelope surface 37 of the roller 3.

The smallest difference (T — K) between the radial extension K of the periphery
153 of the rotatable cutter unit 110 as seen between the pair of adjacent cutter elements
120, and the smallest radial distance T of the pair of adjacent cutter elements 120 may
be a function of roll diameter. The reason for this is that the crushing gap G typically
increases with the roll diameter thereby resulting in more excessive build-up material
with a larger thickness accumulated on the flange 36 and/or on the envelope surface 37
at an end portion of the roller 3 adjacent the flange 36. It is contemplated that the
above-defined smallest difference must exceed the thickness of the build-up material
41. Therefore, the above-defined difference may have to be larger than 20 mm for roller
crushers 1 having large crushing rolls. The radial extension may be within the range 20
to 150 mm smaller than a smallest radial distance of the pair of adjacent cutter elements
120.

As readily appreciated by the person skilled in the art, the above-described
feature may have less relevance for some example embodiments than for others.
Specifically, for a rotatable cutter unit having few cutter elements, the above feature
may be less relevant than for a rotatable cutter unit having a larger number of cutter
elements.

The cutter elements 120 may be releasably arranged on the rotatable cutter unit
110. As best illustrated in Fig. 7, they are releasably attached to a specific portion of the

32



10

15

20

25

30

WO 2024/253791 PCT/US2024/028297

rotatable cutter unit 110, herein termed the “annular engagement portion 142”. The
annular engagement portion 142 defines the outermost part of the structure that
supports the cutter elements 120. For the example embodiment, the annular
engagement portion 142 is defined by the outermost parts of three separate elements,
herein termed cutter element support structures 140. This will be described in more
detail later. However, for the purpose of the releasable arrangement of the cutter
elements 120, it is merely required to provide an annular engagement portion as such.
For alternative embodiments, this could be equally well represented by the outermost
portion of a circular wheel, or disk. Turning again to the rotatable cutter unit 110, the
releasable arrangement of the cutter elements 120 in the annular engagement portion
142 is realised by securing each cutter element 120 to the annular engagement portion
142 by fastening bolts 128. There are however further features of importance related to
the engagement as such. As best illustrated in Fig. 12 (for another example
embodiment but illustrates the same aspect), the annular engagement portion 142
comprises recesses 143, 343 which have a shape which is complementary to the shape
of the cutter elements 120, 220 inserted therein. Specifically, the cutter elements 120,
220 comprises protruding structures 124, 224 which are configured to be inserted into
the recesses 143, 343 of the annular engagement portion 142, 242, 342. As readily
appreciated by the person skilled in the art, this arrangement will provide a geometrical
locking engagement. If securing the cutter elements 120 to the annular engagement
portion 142 in this manner, the fastening bolts 128 will not have to take the entire load
during operation of the material removal device 100. Most of the load will instead be
taken by the geometrical locking engagement itself. For the example embodiments
illustrated herein, the associated recess of the annular engagement portion 142 is
defined on a side surface 139 thereof. It is however conceivable to provide the
geometrical locking engagement in other ways, such as e.g. by providing a plurality of
bores directed radially inwardly on the periphery of the annular engagement portion and
allow the cutter elements protruding into these bores.

Also illustrated clearly in Fig. 12 is that the cutter elements 220 comprises two
separate structures, a cutter element holding structure 222 and an active cutter element
230. Although some features may differ between example embodiments provided
herein, all example embodiments of the cutter element holding structure 122, 222 have
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a similar geometrical locking engagement. They also have a similar shape at the other
end. Specifically, each cutter element holding structure 122, 222 has a support surface
126, 226 to which the active cutter element 130, 230 is attached. Additionally, the active
cutter element 130, 230 presents the impact surface 131a, 131b, 231a, 231b. For the
rotatable cutter unit 110 illustrated in Fig. 7, the support surface 126 is illustrated to the
right in the figure however mostly covered by the active cutter element 130. The cutter
elements 120 further comprises a support portion 125 which protruding out from the
cutter element holding structure 122 in a direction counter to a tangential direction of
motion Y of the cutter element 120. This is also illustrated in Fig. 7. The support portion
125 is arranged such that it is supported by the annular engagement portion 142. This
may be less apparent when viewing Fig. 7 in isolation, as a gap between the annular
engagement portion 142 and the support portion 125 is clearly visible in the drawing.
However, as will be detailed later, some elements (specifically: the wear shields 160,
165) have been omitted in Fig. 7 for clarity. The reader is referred to Fig. 4, where all
elements are shown. In Fig. 4 it is clear that each support portion 125 is in abutment
with a surface of the inner structure. Thus, for the example embodiment, the support
portion 125 is supported by the annular engagement portion 142 via the wear shields
160, 165 which are inserted in between the former. The wear shields 160, 165 may be
made of hardened steel, hardened iron, hardened metals, carbides, braced with
tungsten carbides, or high wear-materials such as weld overlay.

Turning now to Figs 8 to 11, various example embodiments of the active cutter
element will be discussed. Fig. 8 illustrates a part of the rotatable cutter unit 110, i.e. the
first example embodiment of the rotatable cutter unit discussed herein. The cutter
elements 120 of this example embodiment comprises active cutter elements 130 which
have a particular shape. Specifically, the active cutter element 130 has an impact
surface 131a, 131b consisting of two separate parts, namely a front portion 131a and a
rear portion 131b. The front portion 131a and the rear portion 131b interconnect with
each other. As best illustrated in Fig. 4, the front portion 131a is arranged upstream of
the rear portion 131b as seen in relation to a tangential direction of motion Y of the
cutter element 120. As best illustrated in Fig. 5A and B, the front portion 131ais
arranged closer to the flange 36 than the rear portion 131b. The reason for this
particular design is to provide a more efficient cutting. During operation, the front portion
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131a will make impact with the material to be removed first. The somewhat smaller
surface area of the front portion 131a allows creating higher local impact forced in the
build-up material, hence increasing the probability that large portions are cut away from
the roll 3 and or flange 36. Once having been cut away, the rear portion 121b will meet
the loosened material and convey the same inwardly away from the flange. This may
decrease the risk of the same material getting stuck again and/or being left in the area
affecting further cutting operation at the flange 36. To further enhance this propeller, or
turbine, effect, the rear portion 121b may be curved inwardly so as to form a bowl-
shape, or concave shape. A second example embodiment of the active cutter element
is illustrated in Fig. 10, namely active cutter element 230. Active cutter element 230
differ from active cutter element 130 only in that the rear portion 231b of the impact
surface is substantially planar and forms an oblique angle with respect to the tangential
direction of motion Y of the cutter element 220. As readily appreciated by the person
skilled in the art, this design will also provide a propeller, or turbine, effect. The oblique
angle is defined in Fig. 10 as the angle vy and is defined between the rear portion 231b
of the impact surface and a reference plane RR within which the rotatable cutter unit
extends. The angle yis defined within a tangential plane TPS of the cutter unit 220
which is orthogonal to the reference plane RR. For the example embodiment in Fig. 10,
the angle yis 45°. However, other angles are conceivable. The angle vy will be further
discussed later in relation to other example embodiments of the disclosure.

The third and last example embodiment of the active cutter element is illustrated
in Fig. 11, namely the active cutter element 330. The active cutter element 330 differ
from the active cutter element 130 and 230 in that it only presents a single impact
surface 331. Additionally, the impact surface 331 is substantially planar and arranged
transverse to a tangential direction of motion Y of the cutter element 320. The cutter
element holding structures 322 are similar to the cutter element holding structures 122
but lacks the support portion 125. The active cutter elements 130, 230, 330 of the
disclosure may be made from a specific material suitable for withstanding high impact.
Such materials are typically wear-resistant materials, such as e.g. carbides. In
particular, each of the active cutter elements of the disclosure comprises polycrystalline
diamond (PCD) on its impact surface 131, 231, 331, 431. 504, 604, 804, 1004, 1104.
This will be described in detail later herein with reference to Figs. 18-19.
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The active cutter elements 130, 230, 330 may be attached to the cutter element
holding structures 122, 222, 322 by gluing or brazing. For providing further strength, a
locking engagement may be used. Figure 17A and B illustrate yet another example
embodiment of the cutter element, namely cutter element 420 which has one such
conceivable locking engagement. Cutter element 420 is similar to cutter element 320
and has the similar structural properties in so far as relevant for the cutting operation.
However, cutter element 420 differs from cutter element 320 in that cutter element 420
comprises a cutter element holding structure 422 which has a protrusion 450, and an
active cutter element 430 which has a recess 452. As can be seen in Figs 17A and B,
the protrusion 450 and the recess 452 have complementary shapes. Moreover, these
shapes are chosen to provide a locking engagement between the active cutter element
430 and the cutter element holding structure 422. As readily appreciated by the person
skilled in the art, there are many alternative shapes than the one illustrated in Figs 17A
and B that could provide a locking engagement. To further strengthen the attachment
between the active cutter element 430 and the cutter element holding structure 422, the
active cutter element 430 and the cutter element holding structure 422 may be glued
together once the protrusion 450 of the cutter element holding structure 422 has been
inserted into the recess 452 of the active cutter element 430.

As previously mentioned, the rotatable cutter unit 110 is an assembly consisting
of a plurality of interconnected elements. Focus have so far been on the cutter elements
120, 220, 320. Now, the inner parts of the rotatable cutter unit 110 will be described in
detail with reference to Fig. 6, 7 and 8. Figure 6 illustrates the rotating shaft 150
supported in its brackets 151a, 151b. Also illustrated in Fig. 6 is the shaft cap 152 which
is mounted onto the rotating shaft 150 to keep it in its intended axial position within the
brackets 151a, 151b. Fig. 6 further illustrates the very inner parts of the rotatable cutter
unit 110, herein referred to as the main support structure 112. The main support
structure 112 is this example embodiment a steel element which comprises an inner
portion 113 configured to be secured to the shaft by fastening bolts 115. Although not
illustrated in Fig. 6, the rotating shaft 150 includes a fastening portion (now shown)
which protrudes radially outwardly from the surface of the shaft 150. This fastening
portion may be welded into the shaft 150 during manufacture thereof. The main support
structure 112 has a central opening 119 which has a diameter being large enough to
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allow the rotating shaft 150 being inserted therein during assembly. Once in position,
the main support structure 112 is secured to the fastening portion of the rotating shaft
150 by fastening bolts 115 inserted through through-holes 114. As readily appreciated
by the person skilled in the art, the main support structure 112 cannot easily be
removed when on a roller crusher. Instead, the main support structure 112 is designed
to endure operation over a long time period. The releasable arrangement of the main
support structure 112 to the rotating shaft 150 will however allow separate replacement
of the main support structure 112 if needed. The outer portion 116 of the main support
structure 112 comprises a plurality of threaded holes 117 and a plurality of through-
holes 118. These are used for securing the outer elements to the main support structure
112 and will be discussed in more detail later.

For all example embodiments discussed herein, the cutter elements 120 are
attached to the main support structure 112 via a series of dedicated support structures,
termed herein as “cutter element support structures” 140. These structures are thus
mounted onto the main support structure 112 at an inner end thereof and presents the
annular engagement portion 142 at an outer end thereof, at which annular engagement
portion 142 the cutter elements 120 are to be releasably arranged. Fig. 7 illustrates the
outer parts of the rotatable cutter unit 110 and includes these aforementioned
structures, for this particular example embodiment: three cutter element support
structures 140. For clarity, one of the cutter element support structures 140 is also
illustrated in Fig. 8. As clearly illustrated in Fig. 7, the rotatable cutter unit 110 comprises
at least two cutter element support structures 140 (for this example embodiment: three
cutter element support structures 140). The at least two cutter element support
structures 140 are releasably arranged with respect to the main support structure 112
and shaped as circular ring sectors which together form a circular ring. The circular ring
presents the annular engagement portion 142. The purpose of providing two or more
cutter element support structures 140 is that it allows them to be individually replaced in
site without having to completely dismantle the material removal device 100. As will be
seen later, there are many conceivable ways to provide cutter element support
structures 140 of the disclosure. They may occur in different numbers, have different
shapes, and support various numbers of cutter elements 120. The cutter element
support structure 140 has a 120-degree circular ring sector design, and therefore three
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cutter element support structures 140 are needed to completely encircle the main
support structure 112 to form the annular engagement portion 142.

The cutter element support structure 140 comprises an inner portion 145 which
has a plurality of first through holes 146 and a plurality of second through holes 147.
The purpose of the first through holes 146 is to provide a means for securing the cutter
element support structure 140 to the main support structure 112 by means of fastening
bolts 148. This is best illustrated in Fig. 7. The purpose of the second through holes 147
will be revealed later. The cutter element support structure 140 further comprises an
outer portion 141 which comprises one or more recesses 143 (for the example
embodiment: four recesses 143). Within each recess is a threaded hole 144 (see Fig.
12) for receiving fastening bolts 128. The recesses 143 have already been described in
detail when describing the cutter elements 120 and how these are attached and will not
be further elaborated upon here. As illustrated in Fig. 7, the outer portions 141 of the
three cutter element support structures 140 together define the annular engagement
portion 142 for the present example embodiment. The annular engagement portion 142
is therefore in this case defined by three mutually adjacent elements of the assembly
together. Similarly, the person skilled in the art will appreciate that embodiments having
less, or more cutter element support structures, such as e.g. 2, 4, or 6 cutter element
support structures) will have its associated annular engagement portion defined by a
different number of cutter element support structures. When assembled on the main
support structure 112, the cutter element support structures 140 together define a
central opening 149. The central opening 149 allows for the rotating shaft 150 to pass
through the assembly defined by the cutter element support structures 140. As can be
seen in Figs 7 and 8, the thickness of the outer portion 141 is larger than the thickness
of the inner portion 145 as seen along the cutter unit rotational axis A. This design
allows creating a recess for housing the main support structure 112 when mounted
thereon. This is best illustrated in Fig. 7, where the main support structure 112 has been
removed for clarity, but the bolt heads of fastening bolts 148 still marks the position of
the outermost surface of the main support structure 112 when assembled together.

Turning now to Figs 9 and 10, some alternative example embodiments of the
cutter element support structure will be described. Firstly, in Fig. 9, the cutter element
support structure 240 is illustrated together with three cutter elements 120 of the same
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kind as the ones illustrated in Fig. 8 for the first example embodiment. The cutter
element support structure 240 differs from the cutter element support structure 140 in
that it only has three recesses 143 for the releasable arrangement of the cutter
elements 120 and in that the cutter element support structure 240 has a 90-degree
circular ring sector design, and therefore requires four cutter element support structures
240 to completely encircle the main support structure 112 to form the annular
engagement portion 242. As readily appreciated by the person skilled in the art, the
cutter element support structure 140 and the cutter element support structure 240 can
be used to assemble a rotatable cutter unit with essentially the same characteristics.
Three cutter element support structures 140 each having four recesses 143 will provide
a rotatable cutter unit 110 having twelve cutter elements 120. Similarly, four cutter
element support structure 240 each having three recesses 143 will also provide a
rotatable cutter unit 110 having twelve cutter elements 120. In other words, the annular
engagement portion 142 and the annular engagement portion 242 will have a similar
interface for the cutter elements 120.

Fig. 10 illustrate a yet another example embodiment of the cutter element support
structure, namely cutter element support structure 340. The cutter element support
structure 340 differs from cutter element support structure 140 in that it has six recesses
343 instead of four. Having the same outer dimensions as the cutter element support
structure 140, and hence requiring the similar set of three cutter element support
structures 340 to completely encircle the main support structure 112 to form the annular
engagement portion 142, the cutter element support structures 340 therefore allows
providing a rotatable cutter unit having 18 cutter elements 220 for defining the annular
engagement portion 342. To accommodate the larger number of cutter elements 120,
220, the recesses 343 are not as wide as the recesses 143. This means that the cutter
elements 220 with their cutter element holding structures 222 will also be less wide so
as to fit into the recesses 343 to provide the geometrical locking engagement. Figure 11
illustrates the cutter element support structure 140 of Fig. 8 but here equipped with
previously described cutter elements 320.

As to protect the rotatable cutter unit 110, previously mentioned wear shields
160, 165 are provided. The wear shields 160a-c, 165a-c are most clearly seen in Fig. 13
where they are shown in isolation. However, Fig. 4 illustrates the rotatable cutter unit
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110 equipped with the wear shields 160a-c, 165a-c and it is recommended that these
figures are viewed together. The wear shields 160a-c, 165a-c comprises a first set of
wear shields 160a-c and a second set of wear shields 165a-c. Each of these sets
includes two or more wear shields 160a-c, 165a-c. As for the cutter element support
structures, the wear shields 160a-c, 165a-c are shaped as circular ring sectors which
together form circular rings, one on each side of the rotatable cutter unit 110. The wear
shields of the first set of wear shields 160a-c have openings 161 mutually distributed
along a periphery thereof. These openings are structures to allow the cutter elements
120 to protrude out through the wear shields 160a-c, 165a-c, as best illustrated in Fig.
4. Between each of these openings 161 edge walls 162 are provided. These edge walls
162 may protrude both radially and axially as best illustrated in Fig. 13. The wear
shields of the first set of wear shields 160a-c may further have threaded rods 163
protruding out from an inside facing surface. When assembled together, the first set of
wear shields 160a-c together define a central opening 164 for allowing the rotating shaft
150 to pass through the first set of wear shields 160a-c. Similarly, the second set of
wear shields 165a-c has openings 166 mutually distributed along a periphery thereof.
Between each of these openings 166 edge walls 167 are provided. In contrast to the
edge walls 162, these edge walls 167 only protrude axially. The wear shields 160a-c,
165a-c are designed such that, ones assembled on the rotatable cutter unit 110, the
edge walls 162 will meet the edge walls 167 to form a continuous shield for protecting
inner parts of the rotatable cutter unit 110 at the periphery thereof. The second set of
wear shields 165a-c further have through-holes 168 which are aligned geometrically to
allow receiving a respective one of the threaded rods 163 of the first set of wear shields
160a-c. Finally, the second set of wear shields 165a-c have access openings 169 which
are aligned such that they allow accessing the fastening bolts 148, as best illustrated in
Fig. 4. The wear shields 160a-c, 165a-c are designed such that they are mountable
onto the rotatable cutter unit 110 after the cutter elements 120 has been mounted
thereon. This is achieved by sequentially inserting the threaded rods 163 of a wear
shield of the first set of wear shields 160a-c into through-holes 118 of the main support
structure 112 and second-through holes 147 of the cutter element support structures
140. Each of the through-holes 118 and a corresponding one of the second through
holes 147 are positioned such that they coaxially align with each other, and with an
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associated one of the threaded rods 163 of the first set of wear shields 160a-c. Once
every wear shield of the first set of wear shields 160a-c has been inserted into place,
the second set of wear shields 165a-c are assembled from the other side of the main
support structure 112 by allowing each of the threaded rods 163 to penetrate through an
associated through-hole 168. Finally, fastening nuts 171 are used to secure the first set
of wear shields 160a-c to the second set of wear shields 165a-c.

Figure 14 illustrates a material removal device 200 according to another example
embodiment of the disclosure. The material removal device 200 is similar to the material
removal device 100 illustrated in Fig. 4 and only differ in how the rotatable cutter unit is
supported. To better illustrate the differences, like reference numbers define features
which are the same as for the material removal device 100, whereas different features
have been given a new reference number in a new series.

The material removal device 200 consists of three main parts: A rotatable cutter
unit 110 which is attached to a rotating shaft 250 which is supported by bracket 251, a
transmission system 180 connected to the rotating shaft 250, and a drive unit 195
connected to the transmission system 180. The rotation device 190 comprising the
transmission system 180 and the drive unit 195 is only schematically illustrated in Fig.
18A and are the same as previously described with reference to the material removal
device 100. The rotatable cutter unit 110 is thus mounted on, or attached to, a rotating
shaft 250 which is not through-going as was the case for rotatable shaft 150 of the first
example embodiment. This arrangement may have the advantage that it is easier to
replace the rotatable cutter unit. It may also facilitate using higher tilt angles as will be
further described in what follows.

The cutter unit rotational axis A is preferable parallel with a rotational axis F of
the roller 3. However, it is conceivable that the cutter unit rotational axis A is angled with
respect to the rotational axis F of the roller 3. This is illustrated in Figs 15A-15D

Figure 15A and B illustrates one way to angle the rotatable cutter unit 110 with
respect to the roller 3. This way to angle the rotatable cutter unit 110 is herein referred
to as a tilt. By tilting is herein means that the rotatable cutter unit 110 is arranged such
the cutter unit rotational axis A forms a tilt angle ¢ with respect to the rotational axis F of
the roller in the radial plane RP of the roller which intersects the cutter unit rotational
axis A. This implies that the rotatable cutter unit 110 will be unparallel with the flange 36
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of the roller 3, resulting in a varying distance between the rotatable cutter unit 110 and
the flange 36 in the radial direction of the roller, as best illustrated in Fig 5B. The tilt
angle ¢ may be in the range of 0 to 90 degrees, preferably within the range 0 to 45
degrees. For larger tilt angles ¢, the material removal device 200 may be more suitable
than the material removal device 100, since it does not have a through-going shaft.

Figure 15C and D illustrates another way to angle the rotatable cutter unit 110
with respect to the roller 3. This way to angle the rotatable cutter unit 110 is herein
referred to as a skew. By skewing is herein means that the rotatable cutter unit 110 is
arranged such that the cutter unit rotational axis A forms a skew angle ¢ with respect to
the rotational axis F of the roller 3 in the tangential plane TP of the roller 3 which is
orthogonal to said radial plane RP of the roller 3 which intersects the cutter unit
rotational axis A. This implies that the rotatable cutter unit 110 will be unparallel with the
flange 36 of the roller 3, resulting in a varying distance between the rotatable cutter unit
110 and the flange 36 along the tangential direction of the roller surface 3, as best
illustrated in Fig 5D. The skew angle ¢ may be in the range of 0 to 20 degrees,
preferably within the range 0 to 15 degrees. Preferably, the skew angle ¢ is defined
such that the distance between the rotatable cutter unit 110 and the flange 36 is at its
minimum on an upstream end of the material removal device 100. This may be
advantageous as it may facilitate removal of the broken off build-up material at the
down-stream end of the material removal device as a result of the distance between the
rotatable cutter unit 110 and the flange 36 being wider there.

The rotatable cutter unit 110 may be rotated in the same rotational direction as
the rotational direction of the roller 3 with a flange 36. Alternatively, the rotatable cutter
unit 110 may be rotated in a rotational direction being opposite to the rotational direction
of the roller 3 with a flange 36. The rotational speed of the rotatable cutter unit 110 may
be within the range of 1 rpm up to 200 rpm. As readily appreciated by the person skilled
in the art, the important factor will be the relative difference in tangential velocity
between the roller surface and the cutter elements of the rotatable cutter unit at the
point of impact between the same. This is illustrated in Figs 16A-C for different cases.
The tangential velocity for the rotatable cutter unit 110 is here denoted Vc whereas the
tangential velocity of the roller surface 37 of the roller 3 is denoted Vr.
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If the rotatable cutter unit 110 rotates along the same rotational direction as the
rotational direction of the roller 3 with a flange 36 (Fig. 16A), the highest relative
difference in tangential velocity will typically be obtained. This occurs as a result from
the two tangential velocities Vr and V¢ being directed in opposite directions thus adding
to each other. If the rotatable cutter unit 110 rotates along the rotational direction being
opposite to the rotational direction of the roller 3 with a flange 36, the relative difference
in tangential velocity will be lower. This occurs as a result from the two tangential
velocities Vr and Ve being directed along the same direction as illustrated in Figs 16B
and 16C. As can be seen, there are two different cases. Figure 16B illustrates the case
where both tangential velocity Vc and Vr are directed in the same direction but where
the tangential velocity Vc of the roller 3 is larger than the tangential velocity Vc of the
rotatable cutter unit 110. In this velocity range, the material build-up residing on the
roller surface will move faster than the impact surfaces 131a,131b of the rotatable cutter
unit 110. This mode of operation may be used in cases where material build-up not as
excessive. By constantly rotating the rotatable cutter unit 110, each of the cutter
elements will be worn to the same degree equally contributing to the cutting, however at
a reduced speed. As readily appreciated by the person skilled in the art, and also
illustrated in Figs 16A and B, the impact surfaces 131a,131b of the cutter elements is
oriented in the same direction for these two cases. The third conceivable case is
illustrated in Fig. 16C, which illustrates the case where both tangential velocity Vc and
Vr are directed in the same direction but where the tangential velocity Vc of the roller 3
is smaller than the tangential velocity Vc of the rotatable cutter unit 110. In this velocity
range, the material build-up residing on the roller surface will move slower than the
impact surfaces 131a,131b of the rotatable cutter unit 110. This mode of operation may
have the advantage of directing the removed material and dust created in the process
inwardly towards the crusher gap, which may be advantageous for some applications.

For the counter-rotating cases illustrated in Figs 16B and C, at a particular ratio
between the rotational speed of the roller 3 and the rotational speed of the rotatable
cutter unit 110, the relative difference in tangential velocity will be zero (i.e. Vc = VR)
which will result in loss of cutting action. Therefore, when operating the rotatable cutter
unit along the rotational direction opposite to the rotational direction of the roller 3, care
must be taken to avoid this rotational speed. For an efficient cutting operation, the
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relative tangential velocity is preferably higher than 1.25 times the tangential speed of
the roller surface.

Figure 18A illustrates a material removal device 500 according to another
example embodiment of the disclosure. The material removal device 500 comprises a
rotatable cutter unit 510. The rotatable cutter unit 510, which is also illustrated in
isolation in Fig. 18B, has a plurality of cutter elements 501 (for this particular example
embodiment: eight cutter elements 501) arranged tangentially about the rotatable cutter
unit 510 at a respective radial distance T from a rotational axis A of the rotatable cutter
unit 510. For the example embodiment, the cutter elements 501 are mutually
equidistantly spaced at 45 degrees from each other. The rotatable cutter unit 510 has
an annular engagement portion 511 and each cutter element 501 is arranged to the
annular engagement portion 511. Each cutter element 501 may be attached to the
annular engagement portion 511 by bolting, or screwing, or clamping, or the like. The
rotatable cutter unit 510 is attached to a rotationally arranged shaft member 540 which
in turn is rotationally attached to a part of a roller crusher 1 via support structures, or
brackets, 550. As illustrated in Figs 18A and 19B, a periphery 548 of the rotatable cutter
unit 510, as seen between a pair of adjacent cutter elements 501 of the plurality of
cutter elements 501, has a radial extension K being at least 20 mm smaller than a
smallest radial distance T of the pair of adjacent cutter elements 501. For the example
embodiment illustrated in Fig. 1A, the radial distance T is the same for all eight cutter
elements 501, and thus the smallest radial distance will be the radial distance T defined
in Fig. 18A.

The material removal device 500 further comprises a transmission system 180
connected to the rotating shaft 540 and a drive unit 195 connected to the transmission
system 180. The transmission system 180 and the drive unit 195 are only schematically
illustrated in Fig. 18A and may be the same as previously described with reference to
the material removal device 100.

As illustrated in Fig. 18A, the rotatable cutter unit 510 is arranged at a first end
512 of the material removal device 500, and the rotation device 190 is arranged at a
second 514, opposite, end of the material removal device 500. The rotatable cutter unit
510 extends in a reference plane RR which is orthogonal to the rotational axis A. As will
be apparent when viewing the drawings, the reference plane RR is indicated at different
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axial positions for different figures. This has been made to make it easier to understand
the geometrical shape of the cutter elements. However, the reference plane RR is
always orthogonal to the rotational axis A.

As can be seen in Figs 18A to 18C, the rotatable cutter unit 510 comprises a
main support structure 112 and at least two cutter element support structures 520 (in
the example embodiment: four cutter element support structures 520). The cutter
element support structures 520 are releasably arranged with respect to the main
support structure 112 and shaped as circular ring sectors which together form a circular
ring, in the same manner as described for previous embodiments. The releasable
attachment may be realized by bolting the elements together by means of fastening
bolts 148 entering through-holes 513 and being secured into threaded holes 117 of the
outer portion 116 of the main support structure 112. The fastening bolts 148 are not
visible in Fig. 18A but can be seen e.g. in the earlier described example embodiment of
Fig. 4 and also in an example embodiment illustrated in Fig. 25. The main support
structure 112 of the rotatable cutter unit 510 is the same as described with reference to
Fig. 6, and the attachment of the cutter element support structures 520 to the main
support structure 112 is achieved in the exact same manner as preciously described
and will therefore not be further described herein.

As illustrated in Fig. 18A, the circular ring presents the annular engagement
portion 511. The purpose of providing two or more cutter element support structures
520 is that it allows them to be individually replaced on site without having to completely
dismantle the material removal device 500, as detailed earlier. There are many
conceivable ways to provide cutter element support structures within the scope of the
disclosure. They may occur in different numbers, have different shapes, and support
various numbers of cutter elements. The cutter element support structure 520 has a 90-
degree circular ring sector design, and therefore four cutter element support structures
520 are needed to completely encircle the main support structure 112 to form the
annular engagement portion 511.

Each cutter element 501 comprises a cutter element holding structure 503 and
an active cutter element 502 which has an impact surface 504 indicated in Figs 18A and
18B as dotted areas. The active cutter elements 502 of the cutter elements 501 have
impact surfaces 504 which comprise a polycrystalline diamond (PCD).
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As readily appreciated by the person skilled in the art, diamond can be one
single, continuous crystal or it can be made up of many smaller crystals (polycrystal).
Large, clear and transparent single-crystal diamonds are typically used as gemstones.
Polycrystalline diamond (PCD) consists of numerous small grains, which are easily
seen by the naked eye through strong light absorption and scattering; it is unsuitable for
gems and is instead used for industrial applications such as mining and cutting tools.
Polycrystalline diamond is often described by the average size (or grain size) of the
crystals that make it up. Grain sizes range from nanometres to hundreds of
micrometres, usually referred to as "nanocrystalline” and "microcrystalline” diamond,
respectively.

For the cutter element 501, the active cutter element 502 further comprises a
wear resistant material in which the polycrystalline diamond (PCD) is at least partly
embedded. The polycrystalline diamond (PCD) may in an alternative embodiment be
attached to a surface of a wear resistant material of the active cutter element 502. For
the example embodiment, the wear resistant material is a cemented carbide comprising
Tungsten carbide and, as a binder, cobalt. The binder content may typically be 10-15
wi%. Other wear resistant materials are conceivable. Such alternative materials include
other ceramic materials, such as Titanium carbides or Vanadium carbides; metal
ceramics composite materials, such as cemented carbides e.g. Titanium carbide,
Tungsten carbide or Vanadium carbide with cobalt as a binder; or metal matrix
composite materials comprising Titanium carbide, Tungsten carbide or Vanadium
carbide.

In one embodiment, the polycrystalline diamond (PCD) is embedded in Tungsten
carbide, Vanadium carbide, or Titanium carbide.

An advantage of the impact surface 504 comprising the polycrystalline diamond
(PCD) is that the wear life of the cutter elements 501 may be considerably prolonged.
Normally such impact surfaces 504 would comprise wear resistant material such as
ceramic or composite materials comprising Tungsten carbide, Titanium carbide, and
Vanadium carbide, but with an impact surface 504 comprising polycrystalline diamond
(PCD), the wear life may be prolonged with up to about 50 times in comparison with
only comprising e.g. a composite material comprising Tungsten carbide.
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The active cutter element 502 may comprise a layer of polycrystalline diamond
(PCD). The layer of polycrystalline diamond (PCD) may have a thickness of 0.4 to 3.2
mm, or 1.0 to 2.0 mm, or 1.35to 1.8 mm, or 1.4 to 1.6 mm, or about 1.5 mm.

According to one embodiment, the impact surface of the cutter element may
comprise two or more layers of polycrystalline diamond (PCD). The two or more layers
may be attached to each other e.g. by adhesive. The number of layers and/or the
thickness of individual layers may depend on grain size and/or the application for which
it is used.

The diamond grain size of the polycrystalline diamond (PCD) of the impact
surface may be 0.8 to 30 um, as determined by image analysis using a Scanning
Electron Microscope (SEM).

The grain size of diamond may be measured by various measurement
techniques, such as laser size analysers or scanning electronic microscopes (SEM).
One example of a laser size analyser is a Malvern Particle size analyser equipment
which is based on laser diffraction. The values determined using the laser size analyser
may be the initial diamond grain size that for some embodiments may later be subjected
to High Pressure High Temperature Sintering. When the diamond particles have been
sintered and compacted to form the polycrystalline diamond (PCD) of the impact
surface, an image analysis by means of scanning electron microscopy is used to
determine the end microstructural grain size distribution, i.e. the diamond grain size of
the polycrystalline diamond (PCD) of the impact surface.

This disclosure of the material of the impact surface 504 and the active cutter
element 502 is also true for the impact surfaces 131, 231, 331, 431, 604, 804, 1004,
and 1104, and for the active cutter elements 130, 230, 330, 430, 602, 802, 1002, 1102,
as indicated in the associated drawings with the dotted areas.

In addition to the active cutter elements 502, each of the cutter elements 501 of
the material removal device 500 further comprises a surface 506 which faces the flange
36 (see Fig. 18A), which surface 506 comprises a polycrystalline diamond (PCD). The
surface 506 is defined on elements 505 which may be similar to the active cutter
elements 502 already described in detail herein. It is also conceivable that the elements
505 are different from the active cutter elements 502. For example, the PCD of the
active cutter elements 502 may have different properties than the PCD of the elements
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505. This may be beneficial, since the cutter elements 502 will be facing generally
towards the material to be removed and may thus be mostly exposed to material
impact, whereas the elements 505 will be oriented such that material will impinge at an
angle which makes the elements 505 more prone to sliding wear than impact wear. The
rotatable cutter unit 510 is structured and arranged such that each impact surface 504
at least partly faces in a tangential direction of motion Y defined at the impact surface
504 and directed along the rotational direction R of the rotatable cutter unit 510. In other
words, the impact surface 504 has a projection PP in a plane PA being orthogonal to
said tangential direction of motion Y which projection PP is larger than zero. As readily
appreciated by the person skilled in the art, this achieves the effect that when the
material removal device 500 is arranged on a roller crusher 1, the impact surfaces 504
may be arranged such that it at least partially faces the material to be removed.

Each cutter element 501 is releasably fastened to the cutter element support
structures 520 by bolting. The bolting allows for an easy assembly procedure when
preparing a rotatable cutter unit 510 for being mounted on a roller crusher 1. The
rotatable cutter unit 510 is attached to a shaft member 540 which is rotatably attached
to brackets 550. The brackets 550 are structured and arranged to be connected to a
frame 2 of the roller crusher 1.

As illustrated in Figs 18A and 19A to 19C, which shows the individual cutter
elements 501 of the material removal device 500 in more detail, the surface 506 that
faces the flange 36 has an extension E2 from the active cutter element 502 tangentially
towards a rear end 507 thereof. The cutter element 501 is structured and arranged such
that a distance L2 (see Figs 18A and 19A) between the surface 506 facing the flange 36
and the rotation device 190 decreases towards the impact surface 506 over at least a
part of the extension E2. The distance L2 is only schematically indicated in Fig. 19A, by
means of the arrow and the dashed square aiming to define the relative location of the
rotation device 190 with respect to cutter element 501. The distance L2 is however
more realistically illustrated in Fig. 12A. The view in Fig. 19C, as indeed also the view in
later Figs 20C, 21C, 22C and 23C are taken along the radial axis RA as defined in Fig.
19B.

For the example embodiment, the surface 506 which faces the flange 36 is
substantially planar. Therefore, the varying distance L2 as described hereinabove may
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for the cutter element 501 be further expressed in terms of an angle B defined between
the surface 506 which faces the flange 36 and the reference plane RR, wherein the
angle B is defined within a tangential plane TPS of the cutter element 501 which is
orthogonal to the reference plane RR. The angle p may be 1 to 45°, 1 to 40°, 1 t0 30°, 5
to 25°, or 5to0 20°, or 5to 15°, or 8 to 12°, or 10°. The angle B, the reference plane RR
and the tangential plane TPS of the cutter element 501 are illustrated in Fig. 19A.

As can be seen in Fig. 19A, the tangential plane TPS of the cutter element 501 is
parallel with the tangential direction Y of the cutter element 501, as defined at the
impact surface 504 and directed along the reference rotational direction R of the
rotatable cutter unit 510, and which tangential plane TPS is orthogonal to the reference
plane RR. Thus, each cutter element 501 of the plurality cutter element 501 have an
associated tangential plane TPS, which are all angled with respect of each other as a
result from the cutter elements 501 being arranged tangentially about the rotatable
cutter unit 510.

As best illustrated in Fig. 19B, each cutter element 501 extends in the reference
plane RR from a bottom end 517, along a cutter axis 514 towards the active cutter
element 502. The cutter axis 514 forms a first acute angle A1 along the rotational
direction R with a radial axis RA of the rotatable cutter unit 510 which radial axis RA
intersects with the active cutter element 502. As best illustrated in Fig. 19B, this
achieves the effect that the cutter elements 501 are “forward-leaning” when the material
removal device 500 is arranged in the roller crusher 1. Furthermore, each impact
surface 504 extends in a plane SP which has a normal NP which forms an acute angle
A2 along the rotational direction R with the cutter axis 514. This further aid in turning the
impact surfaces 504 towards the material to be removed when the material removal
device 500 is arranged on a roller crusher 1.

As illustrated in Fig. 18A, and in more detail in Fig. 19C, the cutter elements 501
are arranged to form axial protrusions 515 on the side of the rotatable cutter unit 510
that faces the flange 36. As illustrated in Fig. 18C, the protrusions 515 has axial
extensions X. The axial extensions X may be within the range up to 75 mm, or 5 to 50
mm or, 10 to 40 mm. Although the above disclosed ranges are currently preferred, it is
contemplated that axial extensions X could also be larger than 75 mm. The axial
extension may depend on the roller crusher 1, the operating conditions and the material
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to be crushed etc. Thus, the axial extension X must be chosen based on parameters
such as, but not limited to, the crushing gap G, the size of the crushing rolls 3, 4, and
the size of the build-up material 41 to be removed. A bigger material build-up 41 may
require a bigger axial extension X.

This particular example embodiment only has protrusions one the side facing the
flange 36. It is however conceivable that the plurality of cutter elements are arranged to
form axial protrusions on one or both sides of the rotatable cutter unit. An advantage
with the protrusions 515 is that, upon arranging and operating the material removal
device 500 on a roller crusher 1, the material removed will, as soon as it has flown past
along the surface 506 of the cutter element 501 facing the flange 36, easily be removed
via the wider gap between the inner surface 39 of the flange 36 and the remaining part
of the rotatable cutter unit 510 (for the example embodiment, the remaining part will be
the main support structure 112 and the cutter element support structures 520), and flow
towards the centre of the roller 3 instead of being squeezed and compacted between
the rotatable cutter unit 510 and the inner surface 39 of the flange 36.

The material removal device according to the disclosure may be embodied in
many different ways. In what follows, a number of alternative embodiments of a cutter
element assembly 600, 700, 800, 900 will be described in detail with reference to Figs
20 to 23. A cutter element assembly 600, 700, 800, 900 is here defined as one cutter
element support structure 620 and its associated cutter elements 601, 701, 801, 901.
Each of these cutter element assemblies 600, 700, 800, 900 may be fastened to the
main support structure 112 illustrated in Fig. 18C. Providing the same interface for
different cutter element assembly versions allows for varying both the number of cutter
elements on the rotatable cutter unit and the structure and characteristics of the
individual cutter elements attached to the cutter element support structures.

Figures 20A to 20E illustrates a cutter element assembly 600 according to an
alternative embodiment of the disclosure. The cutter element assembly 600 includes a
cutter element support structure 620 and two cutter elements 601 connected thereto.
The cutter element support structure 620 is similar to the previously described cutter
element support structure 520 in that it has the same interface for attachment to the
main support structure 112, and that it has the same 90-degree circle sector form factor.
Thus, the cutter element support structure 620 provides the same releasable
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attachment as cutter element support structure 520 realized by means of fastening bolts
148 entering through-holes 613 and being secured into threaded holes 117 of the outer
portion 116 of the main support structure 112. The cutter element support structure 620
also has through openings 614 distributed in between the through-holes 613. The
purpose of the through-openings 614 is the same as the purpose of the through-
openings 146 of the cutter element support structure 140, namely to allow fastening
wear shields. Similar to previous example embodiments, the periphery 648 as seen
between a pair of adjacent cutter elements 601 has a radial extension K being at least
20 mm smaller than a smallest radial distance T of the pair of adjacent cutter elements
601 (see Fig. 14B). The advantage of the above feature is the generally the same as
outlined for the first example embodiment in Fig. 4.

Each cutter element 601 is releasably arranged in the annular engagement
portion 611 by a geometrical locking engagement. The releasable arrangement of the
cutter elements 601 on the cutter element support structure 620 is best illustrated in Fig.
20E. As can be seen in Fig. 20E, the geometrical locking engagement is at least partly
defined by a protruding structure 660 of the cutter element 601 being inserted into an
associated recess 662 of the annular engagement portion 611, wherein the protruding
structure 660 and the associated recess 662 has complementary shapes. The recesses
662 of the annular engagement portion 611 are defined on a side surface of the cutter
element support structure 620. The protruding structure 660 forms a part of the cutter
element holding structure 603, whereas recess 662 forms a part of the cutter element
support structure 620. The cutter elements 601 are releasably attached to the cutter
element support structure 620 by means of fastening bolts 616 (see Fig. 20E). The
geometrical locking engagement illustrated in Fig. 20E is similar to the one described
earlier with reference to Fig. 12, albeit for somewhat structurally different cutter element
support structures, cutter element holding structures, and active cutter elements.

Furthermore, the cutter elements 601 structurally differs from the cutter elements
501. In particular, the impact surface 604 is not oriented the same way as the impact
surface 504. The impact surface 604 is substantially planar and arranged to incline in a
relation to a normal N of the reference plane RR, as defined in front of the impact
surface 604, and incline such that a distance L1 between the normal N and the impact
surface 604 decreases towards the flange 36 (see Fig. 20C).
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For the example embodiment, the impact surface 604 is substantially planar.
Therefore, the varying distance L1 as described hereinabove may for the cutter element
601 be further expressed in terms of an angle a defined between the impact surface
604 and the normal N of the reference plane RR, wherein the angle a is defined within a
tangential plane TPS of the cutter element 601 which is orthogonal to the reference
plane RR. This is illustrated in Figs 20A and 20C. This angle a may be 1 to 45°, 1 to
35°, 110 30°,1to 15° 0or2to 10°, or 3 to 8°, or 4 to 6°, or 5°.

The cutter element 601 shares some features with the already described cutter
element 501. In particular, the cutter element 601 further comprises elements 605 on a
side thereof, which elements 605 also comprises a surface 606 which comprises
polycrystalline diamond (PCD). The cutter element 601 is structured and arranged such
that the surface 606 forms an angle § between the surface 606 which faces the flange
36 and the reference plane RR, wherein the angle B is defined within a tangential plane
TPS of the cutter element 601 which is orthogonal to the reference plane RR.. A yet
further similarity is that the cutter elements 601 are arranged to form axial protrusions
615 on the side of the rotatable cutter unit. As illustrated in Fig. 20C, the protrusions 615
have axial extensions X. The axial extensions X may be within the range up to 75 mm,
or 5 to 50 mm, or 10 to 40 mm.

Figures 21A to 21C illustrate a cutter element assembly 700 according to another
example embodiment of the disclosure. The cutter element assembly 700 is similar to
already described cutter element assembly 600 and will therefore only be briefly
described herein. Like reference characters refer to like elements and have been earlier
described herein. The cutter element assembly 700 comprises previously described
cutter element support structure 620 and two cutter elements 701. The cutter elements
701 differs from the already described cutter elements 601 in that they do not have
dedicated separate elements on the side of the cutter element holding structure 703.
Furthermore, the cutter element 701 does not have the angled side surface, i.e. the
angle p = 0 (see e.g. Figs 20A and 21C). The flange 36 is not shown in Fig. 21C but is
located to the right of cutter element assembly 700 in the same manner as illustrated in
Fig. 20C for the cutter element assembly 600. To provide an appropriate form factor, the
cutter element holding structure 703 is thus somewhat thicker than the cutter element
holding structure 603. The cutter elements 701 are arranged to form axial protrusions
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715 on the side of the rotatable cutter unit. As illustrated in Fig. 21C, the protrusions 715
has axial extensions X. The axial extensions X may be within the range up to 75 mm, or
5 to 50 mm, or 10 to 40 mm. For the example embodiment of Fig. 21A to C, the axial
extension X is 15 mm. Similar to previous example embodiments, the periphery 748 as
seen between a pair of adjacent cutter elements 701 has a radial extension K being at
least 20 mm smaller than a smallest radial distance T of the pair of adjacent cutter
elements 701 (see Fig. 21B). The advantage of the above feature is the generally the
same as outlined for the first example embodiment in Fig. 4.

Figures 22A to 22C illustrate a cutter element assembly 800 according to another
example embodiment of the disclosure. The cutter element assembly 800 is similar to
already described cutter element assembly 700 and will therefore only be briefly
described herein. Like reference characters refer to like elements and have been earlier
described herein. The main difference between the cutter element assembly 800 and
the cutter element assembly 700 is that the cutter elements 801 of the cutter element
assembly 800 are wider. This allows providing protrusions 815 having a considerably
larger axial extension X. For the example embodiment of Fig. 16A to C, the axial
extension X is 40 mm. The axial extension for this embodiment is X. To accommodate
the wider form factor, both the cutter element holding structure 803 and the active cutter
element 802 are larger than the cutter element holding structure 703 and the active
cutter element 702 in Figs 21A to 21C. Similar to previous example embodiments, the
periphery 848 as seen between a pair of adjacent cutter elements 801 has a radial
extension K being at least 20 mm smaller than a smallest radial distance T of the pair of
cutter elements 801 (see Fig. 22B). The advantage of the above feature is the generally
the same as outlined for the first example embodiment in Fig. 4.

Figures 23A to 23C illustrate a cutter element assembly 900 according to another
example embodiment of the disclosure. The cutter element assembly 900 is similar to
already described cutter element assembly 700 and will therefore only be briefly
described herein. Like reference characters refer to like elements and have been earlier
described herein. The cutter element assembly 900 comprises cutter elements 901 and
already described cutter element support structure 620. The cutter element 901 differs
from already described cutter elements 701 in that the cutter element 901 has a surface
919 facing away from the flange 36, which surface 919 has an extension E3 from the
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impact surface 604 tangentially towards a rear end 907 thereof, wherein the cutter
element 901 is structured and arranged such that a distance L3 between the surface
919 facing away from the flange 36 and the rotation device 190 decreases towards the
impact surface 604 over at least a part of the extension ES.

As readily appreciated by the person skilled in the art, a distance L3 defined
between the surface 919 which faces away from the rotation device 190 and the rotation
device 190 itself must inevitably be defined as going through the cutter element 901
which presents said surface 919. In the context of defining the distance L3, the term
“surface” should thus be construed as a mathematical or geometrical surface. This is
clearly illustrated in Fig. 23A where the distance L3 is marked as a solid line outside of
the cutter element 901 and a dotted line inside the cutter element 901.

For the example embodiment, the surface 919 which faces away from the flange
36 (see Fig. 23C) is substantially planar. Therefore, the varying distance L3 as
described hereinabove may for the cutter element 901 be further expressed in terms of
an angle y defined between the surface 919 which faces away from the flange 36 and
the reference plane RR, wherein the angle vy is defined within a tangential plane TPS of
the cutter element 901 which is orthogonal to the reference plane RR. The angle y may
be 1 to 45°, or 1 to 40°, or 1 to 30°, or 5 to 25°, or 5 to 20°, or 5 to 15°, or 8 to 12°, or
10°. The angle v, the reference plane RR and the tangential plane TPS of the cutter
element 901 are illustrated in Fig. 23A and 23C.

Similar to previous example embodiments, the periphery 948 as seen between a
pair of adjacent cutter elements 901 has a radial extension K being at least 20 mm
smaller than a smallest radial distance T of the pair of adjacent cutter elements 901
(see Fig. 23B). The advantage of the above feature is the generally the same as
outlined for the first example embodiment in Fig. 4.

Figures 24A and 24B illustrate yet another example embodiment of the
disclosure. In this case, the figures illustrate a rotatable cutter unit 1010 which
comprises a spider 1030 arranged to be mounted onto a rotating shaft, such as the
rotating shaft 150, 540 of previously disclosed example embodiment of the material
removal device. The rotatable cutter unit 1010 differs from previously described
embodiments in that it comprises cutter elements 1001 which has a surface 1019 facing
away from the flange 36 and a surface 1006 which faces the flange 36, and wherein at
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least one of the surface 1019 facing away from the flange 36 and the surface 1006
facing the flange comprises ceramic inserts 1090. Arranging ceramic inserts on these
surfaces 1006, 1019 will prolong the wear life of the cutter elements 1001. Similar to
previous example embodiments, the periphery 1048 as seen between a pair of adjacent
cutter elements 1001 has a radial extension K being at least 20 mm smaller than a
smallest radial distance T of the pair of adjacent cutter elements 1001 (see Fig. 24A).
The advantage of the above feature is the generally the same as outlined for the first
example embodiment in Fig. 4.

Figure 25 illustrates a complete assembly of two material removal devices 1100,
1100’ according to the disclosure when arranged on a frame 1200 of a roller crusher 1.
The material removal devices 1100 and 1100’ are nearly identical. The only difference
between them is that the rotatable cutter units 1120 are mounted in an opposite manner
to allow the impact surfaces 1104 of the cutter elements 1101 to face in the same
direction in spite of the material removal devices 1100, 1100’ being arranged in a
mirrored manner. The rotatable cutter unit 1110 comprises four cutter element support
structures 620 (same as described with reference to earlier example embodiments)
each carrying two cutter elements 1101, which means that the rotatable cutter unit 1110
comprises eight cutter elements 1101. The cutter element support structures 620 are
mounted on main support structure 112 which in turn is mounted onto shaft member
540 (see also Fig. 18C). The cutter element support structures 620 are covered by wear
shields 1190a, 1190b and cannot therefore be seen in Fig. 25. The cutter element
support structures 620 are illustrated in Figs 20 to 23. Wear shields 1190a, 1190b are
similar to the wear shields 160, 165 described in detail with reference to Fig. 13 and
therefore not further described herein. Similar to previous example embodiments, the
periphery 1148 as seen between a pair of adjacent cutter elements 1101 has a radial
extension K being at least 20 mm smaller than a smallest radial distance T of the pair of
adjacent cutter elements 1101 (see Fig. 25). The advantage of the above feature is the
generally the same as outlined for the first example embodiment in Fig. 4.

The cutter elements 1102 are similar to cutter elements 220 previously disclosed
with reference to Fig. 10 and are therefore only briefly described herein. The active
cutter elements 1102 present an impact surface 1104 which has a front portion 1104a
and a rear portion 1104b which interconnect each other. The front portion 1104a is
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arranged upstream of the rear portion 1104b such that the front portion 1104a will meet
the material to be removed from the roller 3 first. When the material removal device
1100 is arranged on a roller crusher 1, the front portion 1104a will be arranged closer to
the flange 36 than the rear portion 1104b. This may be advantageous as it allows
creating very strong impact forces on localized regions of the material build-up on the
roller 3 with the flange 36 by means of the front portion 1104a, thereby increasing the
likelihood of breaking away larger portions of material. The rear portion 1104b may then
step in and aid in further removing material from the roller 3 and/or conveying the
already removed material away from the flange 36. The front portion 1104a comprises
polycrystalline diamond (PCD). The rear portion 1104b may also comprise
polycrystalline diamond (PCD).

Also shown in Fig. 25 and in a more realistic representation than the earlier
schematic one, is drive unit 195 and transmission system 180.

The person skilled in the art realizes that the present disclosure by no means is
limited to the preferred embodiments described above. On the contrary, many
modifications and variations are possible within the scope of the appended claims. For
example, the example embodiments of the rotatable cutter unit presented herein
constitute relatively complex assemblies of a plurality of elements. Important to keep in
mind is however, that the rotatable cutter unit of the disclosure should not be construed
as limited to such assemblies. It is also conceivable to provide a rotatable cutter unit
from a single material in which the claimed features are integrally formed. As an
example, a rotatable cutter unit may be formed from a single steel element and cut to
create the cutter elements as radially outwardly directed protrusions of the same. Each
cutter element may be cut to provide an impact surface of suitable shape. Such an
embodiment, though not explicitly illustrated in the drawings, is considered to be
straight-forward for the person skilled in the art to design based on the present
disclosure and common general knowledge in the field. Additionally, variations to the
disclosed embodiments can be understood and effected by the skilled person in
practicing the claimed, from a study of the drawings, the disclosure, and the appended

claims.
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LIST OF EMBODIMENTS

Embodiment 1. A roller crusher having two generally parallel rollers arranged to
rotate in opposite directions, and separated by a gap, each roller having two ends, the
roller crusher comprising:

a flange attached to one of the ends of one of the rollers,

the flange extending in a radial direction of the roller, and

the flange having an extension (H) past an envelope surface of the roller,

wherein the roller crusher further comprises a material removal device,
comprising:

a rotatable cutter unit having a plurality of cutter elements arranged tangentially
about the rotatable cutter unit at a respective radial distance from a rotational axis of the
rotatable cutter unit; and

a rotation device arranged to rotate the rotatable cutter unit,

wherein the rotatable cutter unit is arranged at an end of a roller having a flange
and thereby, when being rotated by the rotation device, at least partially allow cutting
away material accumulated on the flange and/or on the envelope surface at an end
portion of the roller adjacent the flange,

wherein each of the cutter elements of the plurality of cutter elements presents
an impact surface arranged to face the material to be cut away, and

wherein each of the impact surfaces comprises a polycrystalline diamond (PCD).

Embodiment 2. The roller crusher according to Embodiment 1, wherein the cutter
element further comprises a wear resistant material in which the polycrystalline diamond
(PCD) is at least partly embedded.

Embodiment 3. The roller crusher as claimed in Embodiment 2, wherein the wear

resistant material is one from the list of: a ceramic material, a metal ceramic composite

material, and a metal matrix composite material.
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Embodiment 4. The roller crusher according to any one of Embodiment 1 to 3,
wherein the impact surface is substantially planar and arranged transverse to a

tangential direction of motion of the cutter element.

Embodiment 5. The roller crusher according to any one of Embodiment 1 to 4,
wherein the rotatable cutter unit is arranged at a first end of the material removal device,
and the rotation device is arranged at a second, opposite, end of the material removal
device, and wherein the rotatable cutter unit extends in a reference plane which is
orthogonal to the rotational axis.

Embodiment 6. The roller crusher as claimed in Embodiment 5, wherein each
impact surface of the plurality of cutter elements is substantially planar and arranged to
incline in a relation to a normal to the reference plane, as defined in front of the impact
surface, and incline such that a distance between the normal and the impact surface
decreases towards the flange.

Embodiment 7. The roller crusher according to any one of Embodiment 1 to 6,
wherein the impact surface has a front portion and a rear portion which interconnect
each other, wherein the front portion is arranged upstream of the rear portion as seen in
relation to a tangential direction of motion of the cutter element and wherein the front
portion is arranged closer to the flange than the rear portion.

Embodiment 8. The roller crusher according to Embodiment 7, wherein the rear
portion is shaped so as to convey cut away material in a direction away from the flange.

Embodiment 9. The roller crusher according to Embodiment 8, wherein the rear
portion is substantially planar and forms an oblique angle with respect to the tangential

direction of motion of the cutter element.

Embodiment 10.  The roller crusher according to Embodiment 8, wherein the rear
portion is curved inwardly so as to form a bowl-shape.
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Embodiment 11.  The roller crusher according to any one of Embodiment 5 to 10,
wherein each of the cutter elements has a surface facing the flange, which surface has
an extension from its impact surface tangentially towards a rear end thereof, wherein
the cutter element is structured and arranged such that a distance between the surface
facing the flange and the rotation device decreases towards the impact surface over at
least a part of the extension.

Embodiment 12.  The roller crusher as claimed in any one of Embodiment 1 to 11,
wherein each of the cutter elements has a surface facing the flange, which surface
comprises a polycrystalline diamond (PCD).

Embodiment 13.  The roller crusher as claimed in any one of Embodiment 5 to 12,
wherein each of the plurality of cutter elements has a surface facing away from the
flange, which surface has an extension tangentially from the impact surface towards a
rear end thereof, wherein the cutter element is structured and arranged such that a
distance between the surface facing away from the flange and the rotation device
decreases towards the impact surface over at least a part of the extension.

Embodiment 14.  The roller crusher as claimed in any one of Embodiment 1 to 13,
wherein the plurality of cutter elements is arranged to form axial protrusions on one or

both sides of the rotatable cutter unit.

Embodiment 15.  The roller crusher as claimed in Embodiment 14, wherein the axial
protrusions have axial extensions within the range of up to 75 mm, or 5 to 50 mm, or 10
to 40 mm.

Embodiment 16.  The roller crusher as claimed in any one of Embodiment 1 to 15,
wherein the rotatable cutter unit extends in a reference plane which is orthogonal to the
rotational axis of the rotatable cutter unit, wherein each of the plurality of cutter
elements extends in the reference plane along a cutter element axis towards the impact

surface, and wherein the cutter element axis forms a first acute angle along a reference
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rotational direction with a radial axis of the rotatable cutter unit which radial axis
intersects with the cutter element.

Embodiment 17.  The roller crusher as claimed in Embodiment 16, wherein each
impact surface of the plurality of cutter elements extends in a plane which has a normal
which forms an acute angle along the reference direction with the cutter element axis.

Embodiment 18.  The roller crusher as claimed in any one of Embodiment 1 to 17,
wherein each of the plurality of cutter elements has a surface facing away from the
flange and a surface facing the flange, and wherein at least one of the surface facing
away from the flange and the surface facing the flange comprises ceramic inserts.

Embodiment 19.  The roller crusher according to any one of Embodiment 1 to 18,
wherein each cutter element of the plurality of cutter elements comprises a cutter
element holding structure and an active cutter element attached thereto, wherein the

active cutter element presents said impact surface.

Embodiment 20.  The roller crusher according to any one of Embodiment 1 to 19,
wherein the rotatable cutter unit has an annular engagement portion and wherein each
cutter element of the plurality of cutter elements is releasably arranged to the annular
engagement portion.

Embodiment 21.  The roller crusher according to Embodiment 20, wherein the
rotatable cutter unit further comprises a main support structure and at least two cutter
element support structures, wherein the at least two cutter element support structures
are releasably arranged with respect to the main support structure and shaped as
circular ring sectors which together form a circular ring, and which circular ring presents

the annular engagement portion.

Embodiment 22.  The roller crusher according to Embodiment 20 or 21, wherein each
cutter element of the plurality of cutter elements is releasably arranged in the annular
engagement portion by a geometrical locking engagement.
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Embodiment 23.  The roller crusher according to Embodiment 22, wherein the
geometrical locking engagement is at least partly defined by a protruding structure of
the cutter element being inserted into an associated recess of the annular engagement
portion, wherein the protruding structure and the associated recess has complementary
shapes.

Embodiment 24.  The roller crusher according to Embodiment 23, wherein the
associated recess of the annular engagement portion is defined on a side surface
thereof.

Embodiment 25.  The roller crusher according to Embodiment 23 or 24, wherein each
cutter element of the plurality of cutter elements comprises a cutter element holding
structure and an active cutter element attached thereto, wherein the active cutter
element presents said impact surface, and wherein the protruding structure forms a part
of the cutter element holding structure.

Embodiment 26.  The roller crusher according to any one of Embodiment 1 to 25,
further comprising wear shields structured and arranged to protect at least parts of the
rotatable cutter unit.

Embodiment 27.  The roller crusher according to any one of claim 1 to 26, wherein a
periphery of the rotatable cutter unit, as seen between a pair of adjacent cutter elements
of the plurality of cutter elements, has a radial extension being at least 20 mm smaller
than a smallest radial distance of the pair of adjacent cutter elements.

Embodiment 28. A method for operating a roller crusher according to any one of
Embodiment 1 to 27, wherein the method comprises at least the step of at least partially
cutting away material accumulated on the flange and/or on the envelope surface at an
end portion of the roller adjacent the flange by means of the material removal device.
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CLAIMS

1. A roller crusher having two generally parallel rollers arranged to rotate in opposite
directions, and separated by a gap, each roller having two ends, the roller crusher
comprising:

a flange attached to one of the ends of one of the rollers,

the flange extending in a radial direction of the roller, and

the flange having an extension (H) past an envelope surface of the roller,

wherein the roller crusher further comprises a material removal device,
comprising:

a rotatable cutter unit having a plurality of cutter elements arranged tangentially
about the rotatable cutter unit at a respective radial distance from a rotational axis of the
rotatable cutter unit; and

a rotation device arranged to rotate the rotatable cutter unit,

wherein the rotatable cutter unit is arranged at an end of a roller having a flange
and thereby, when being rotated by the rotation device, at least partially allow cutting
away material accumulated on the flange and/or on the envelope surface at an end
portion of the roller adjacent the flange,

wherein each of the cutter elements of the plurality of cutter elements presents
an impact surface arranged to face the material to be cut away, and

wherein each of the impact surfaces comprises a polycrystalline diamond (PCD).

2. The roller crusher according to claim 1, wherein the cutter element further
comprises a wear resistant material in which the polycrystalline diamond (PCD) is at
least partly embedded.

3. The roller crusher as claimed in claim 2, wherein the wear resistant material is

one from the list of: a ceramic material, a metal ceramic composite material, and a
metal matrix composite material.
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4. The roller crusher according to any one of claim 1 to 3, wherein the impact
surface is substantially planar and arranged transverse to a tangential direction of

motion of the cutter element.

5. The roller crusher according to any one of claim 1 to 4, wherein the rotatable
cutter unit is arranged at a first end of the material removal device, and the rotation
device is arranged at a second, opposite, end of the material removal device, and
wherein the rotatable cutter unit extends in a reference plane which is orthogonal to the

rotational axis.

6. The roller crusher as claimed in claim 5, wherein each impact surface of the
plurality of cutter elements is substantially planar and arranged to incline in a relation to
a normal to the reference plane, as defined in front of the impact surface, and incline
such that a distance between the normal and the impact surface decreases towards the
flange.

7. The roller crusher according to any one of claim 1 to 6, wherein the impact
surface has a front portion and a rear portion which interconnect each other, wherein
the front portion is arranged upstream of the rear portion as seen in relation to a
tangential direction of motion of the cutter element and wherein the front portion is
arranged closer to the flange than the rear portion.

8. The roller crusher according to claim 7, wherein the rear portion is shaped so as
to convey cut away material in a direction away from the flange.

9. The roller crusher according to claim 8, wherein the rear portion is substantially
planar and forms an oblique angle with respect to the tangential direction of motion of

the cutter element.

10.  The roller crusher according to claim 8, wherein the rear portion is curved
inwardly so as to form a bowl-shape.
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11.  The roller crusher according to any one of claim 5 to 10, wherein each of the
cutter elements has a surface facing the flange, which surface has an extension from its
impact surface tangentially towards a rear end thereof, wherein the cutter element is
structured and arranged such that a distance between the surface facing the flange and
the rotation device decreases towards the impact surface over at least a part of the

extension.

12.  The roller crusher as claimed in any one of claim 1 to 11, wherein each of the
cutter elements has a surface facing the flange, which surface comprises a
polycrystalline diamond (PCD).

13.  The roller crusher as claimed in any one of claim 5 to 12, wherein each of the
plurality of cutter elements has a surface facing away from the flange, which surface
has an extension tangentially from the impact surface towards a rear end thereof,
wherein the cutter element is structured and arranged such that a distance between the
surface facing away from the flange and the rotation device decreases towards the
impact surface over at least a part of the extension.

14.  The roller crusher as claimed in any one of claim 1 to 13, wherein the plurality of
cutter elements is arranged to form axial protrusions on one or both sides of the
rotatable cutter unit.

15.  The roller crusher as claimed in claim 14, wherein the axial protrusions have axial
extensions within the range of up to 75 mm, or 5 to 50 mm, or 10 to 40 mm.

16.  The roller crusher as claimed in any one of claim 1 to 15, wherein the rotatable
cutter unit extends in a reference plane which is orthogonal to the rotational axis of the
rotatable cutter unit, wherein each of the plurality of cutter elements extends in the
reference plane along a cutter element axis towards the impact surface, and wherein
the cutter element axis forms a first acute angle along a reference rotational direction
with a radial axis of the rotatable cutter unit which radial axis intersects with the cutter

element.
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17.  The roller crusher as claimed in claim 16, wherein each impact surface of the
plurality of cutter elements extends in a plane which has a normal which forms an acute

angle along the reference direction with the cutter element axis.

18.  The roller crusher as claimed in any one of claim 1 to 17, wherein each of the
plurality of cutter elements has a surface facing away from the flange and a surface
facing the flange, and wherein at least one of the surface facing away from the flange
and the surface facing the flange comprises ceramic inserts.

19.  The roller crusher according to any one of claim 1 to 18, wherein each cutter
element of the plurality of cutter elements comprises a cutter element holding structure
and an active cutter element attached thereto, wherein the active cutter element
presents said impact surface.

20.  The roller crusher according to any one of claim 1 to 19, wherein the rotatable
cutter unit has an annular engagement portion and wherein each cutter element of the

plurality of cutter elements is releasably arranged to the annular engagement portion.

21.  The roller crusher according to claim 20, wherein the rotatable cutter unit further
comprises a main support structure and at least two cutter element support structures,
wherein the at least two cutter element support structures are releasably arranged with
respect to the main support structure and shaped as circular ring sectors which together

form a circular ring, and which circular ring presents the annular engagement portion.
22.  The roller crusher according to claim 20 or 21, wherein each cutter element of the
plurality of cutter elements is releasably arranged in the annular engagement portion by

a geometrical locking engagement.

23.  The roller crusher according to claim 22, wherein the geometrical locking
engagement is at least partly defined by a protruding structure of the cutter element
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being inserted into an associated recess of the annular engagement portion, wherein
the protruding structure and the associated recess has complementary shapes.

24.  The roller crusher according to claim 23, wherein the associated recess of the
annular engagement portion is defined on a side surface thereof.

25.  The roller crusher according to claim 23 or 24, wherein each cutter element of the
plurality of cutter elements comprises a cutter element holding structure and an active
cutter element attached thereto, wherein the active cutter element presents said impact
surface, and wherein the protruding structure forms a part of the cutter element holding

structure.

26.  The roller crusher according to any one of claim 1 to 25, further comprising wear
shields structured and arranged to protect at least parts of the rotatable cutter unit.

27.  The roller crusher according to any one of claim 1 to 26, wherein a periphery of
the rotatable cutter unit, as seen between a pair of adjacent cutter elements of the
plurality of cutter elements, has a radial extension being at least 20 mm smaller than a
smallest radial distance of the pair of adjacent cutter elements.

28. A method for operating a roller crusher according to any one of claim 1 to 27,
wherein the method comprises at least the step of at least partially cutting away material
accumulated on the flange and/or on the envelope surface at an end portion of the roller
adjacent the flange by means of the material removal device.
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