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(57) Abstract: The sand mixing device (1) has a mixing
bowl (2) arranged stationarily on a support frame (3) and
including a peripheral side wall (4) and a bottom wall
(5). A central mix- ing tool (6) is arranged rotatably
about a central mixer axis (7) of the mixing bowl and has
a number of blades (8) extending along the bottom wall
to the peripheral side wall. The mixing bowl is arranged
in an inclined position on the support frame so that the
central mixer axis is inclined at an angle to the vertical.
A first cross-sectional plane extending through the mix-
ing bowl and including both the central mixer axis and a
horizontal line extending in a plane defining the bottom
wall divides the mixing bowl into a lower part and a
higher part. At least one peripheral mixing tool (9, 11) is
arranged in the lower part of the mixing bowl.
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Sand mixing device and method of mixing sand

The present invention relates to a sand mixing device having a mixing bowl which is
arranged stationarily on a support frame and includes a peripheral side wall and a bot-
tom wall, a central mixing tool being arranged rotatably about a central mixer axis of
the mixing bowl and having a number of blades extending along the bottom wall to the
peripheral side wall, and at least one peripheral mixing tool being arranged rotatably

about a peripheral mixer axis.

A sand mixing device of the above-mentioned type is available under the trade name
DISA TM Mixer.

DE 39 01 774 discloses a weighing mixer particularly suitable for bulk material, such
as synthetic granulate. The mixer has a cylindrical vessel with a steeply inclined lower
base part which facilitates easy emptying of the vessel through an outlet inserted with-
out dead space. A mixing tool is arranged rotatably about an axis displaced in relation
to the cylinder axis of the cylindrical vessel. This kind of mixer is less suitable for sand

mixing in a foundry.

FR 1.271.334 discloses another mixer having a steeply inclined mixing vessel and a
helical mixing tool arranged non-centrally and close to a cylindrical wall of the mixing

vessel.

EP 0 125 389 discloses an apparatus for treating materials which are capable of flow,
comprising a mixing container which rotates about its central axis which is inclined with
respect to the vertical, with a wall and/or bottom scraper plate which is arranged sub-
stantially stationarily with respect to the cylindrical inside wall of the mixing container, a
discharge opening disposed in the bottom of the mixing container and one or two non-
centrally arranged rotating tools which engage into the material. To reduce the amount
of power consumed, while giving good treatment effects, and to enhance the output of
the machine, with respect to the available volume in the machine, it is proposed that
the mixing container is driven at a sub-critical speed of rotation, the rotating tool is ar-
ranged exclusively at the downstream side of the apex, that the space on the up-
stream side is free of fittings therein and that the scraper plate is disposed in the vicini-

ty of the apex of the mixing container. However, in this type of apparatus, because of
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the rotating mixing container, an outer stationary shield is necessary which may com-

plicate the filling and emptying operations and sample takings.

The object of the present invention is to provide a sand mixing device of the type men-
tioned by way of introduction, whereby process cycle time and energy consumption

may be reduced.

In view of this object, the mixing bowl is arranged in an inclined position on the support
frame so that the central mixer axis of the mixing bowl is inclined at an angle to the
vertical, a first cross-sectional plane extending through the mixing bowl and including
both the central mixer axis and a horizontal line extending in a plane defining the bot-
tom wall divides the mixing bowl into a lower part positioned relatively lower and a
higher part positioned relatively higher, and at least one peripheral mixing tool is ar-

ranged in the lower part of the mixing bowl.

The combination of the inclined mixing bowl and the positioning of at least one periph-
eral mixing tool in the lower part of the mixing bowl has proven to provide both more
efficient mixing and lower energy consumption so that mixing time and energy con-
sumption may be reduced at the same time. A further beneficial effect of the inclined
mixing bowl is that emptying of the mixing vessel may be performed faster. The total
effect is therefore that a substantially reduced process cycle time and a substantially
reduced energy consumption may be achieved. Surprisingly, test results have re-
vealed that the inclined mixing bowl in itself, although providing reduced energy con-
sumption, does not provide an improved mixing result without also positioning at least
one peripheral mixing tool in the lower part of the mixing bowl. Furthermore, test re-
sults have revealed that the reduced energy consumption obtained by the inclined
mixing bowl may be boosted by positioning at least one peripheral mixing tool in the
lower part of the mixing bowl. Therefore, it may be concluded that according to the

present invention, a surprising synergistic effect may be achieved.

In an embodiment, the central mixer axis of the mixing bowl is inclined at an angle of
between 5 and 30 degrees, preferably of between 7 and 25 degrees, more preferred of
between 8 and 20 degrees, and most preferred of between 9 and 15 degrees to the
vertical. Thereby, the synergistic effect according to the invention of the inclined mixing
bowl and the positioning of the peripheral mixing tools in the lower part of the mixing

bowl may be optimized.
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In an embodiment, the blades of the central mixing tool are distributed evenly about
the central mixer axis of the mixing bowl, neighbouring blades thereby forming a cer-
tain mutual angle, and the at least one peripheral mixing tool is arranged so that the
mutual angle between any pair of peripheral mixing tools is different from an integer
multiple of the certain mutual angle of the neighbouring blades of the central mixing
tool. Surprisingly, tests have proven that if two blades of the central mixing tool during
rotation simultaneously pass a respective one of the peripheral mixing tools, an unde-
sirable counter-phase effect may cause increased energy consumption. The tests
have further proven that by means of said arrangement of the at least one peripheral
mixing tool in combination with the inclined mixing bowl, such undesirable counter-
phase effect may be reduced or avoided in such a way that the energy consumption
may be reduced without influencing the mixing efficiency negatively, so that mixing
time is not increased. On the other hand, the tests have proven that said arrangement
of the at least one peripheral mixing tool without an inclined mixing bowl may reduce
energy consumption, but at the same time reduce mixing efficiency, so that the mixing
time would have to be prolonged. In fact, the total effect of this would be longer mixing
time and higher energy consumption. It may therefore be concluded that a synergistic
effect may be achieved by the combined effect of said arrangement of the at least one

peripheral mixing tool and an inclined mixing bowl.

In an embodiment, the at least one peripheral mixing tool is arranged so that the mu-
tual angle between any pair of peripheral mixing tools differs more than 3 per cent,
preferably more than 5 per cent, and most preferred more than 7 per cent, from an
integer multiple of the certain mutual angle of the neighbouring blades of the central
mixing tool. Thereby, the above-mentioned undesirable counter-phase effect may be
reduced or avoided even more efficiently in such a way that the energy consumption

may be reduced even more efficiently without prolonging the necessary mixing time.

In an embodiment, the sand mixing device includes a first peripheral mixing tool being
arranged rotatably about a first peripheral mixer axis at a first angular mixer position
about the central mixer axis of the mixing bowl and a second peripheral mixing tool
being arranged rotatably about a second peripheral mixer axis at a second angular
mixer position about the central mixer axis of the mixing bowl, and the first and the
second peripheral mixing tools are arranged in the lower part of the mixing bowl. This

embodiment may be more efficient for relatively larger mixers.
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In a structurally particularly advantageous embodiment, the central mixing tool in-
cludes four blades distributed evenly about the central mixer axis of the mixing bowl,
neighbouring blades thereby forming a mutual angle of 90 degrees, and the first and
the second peripheral mixing tools are arranged so that the first and second angular
mixer positions differ by between 73 and 87 degrees, preferably by between 78 and 85
degrees, and most preferred by between 82 and 84 degrees. Thereby, the above-
mentioned undesirable counter-phase effect may be reduced or avoided efficiently,
and therefore, the energy consumption may be reduced efficiently. Furthermore, an
even number of blades on the central mixing tool may be advantageous in that trans-

verse forces in the central mixing tool may be avoided so that only moment is present.

In an embodiment, the central mixing tool is adapted to rotate sand in the mixing bowl
in a main rotational direction, thereby defining an upstream and a downstream direc-
tion in the mixing bowl, the first peripheral mixing tool is located upstream in relation to
the second peripheral mixing tool, and the first angular mixer position differs from an
angular position of the first cross-sectional plane by between 10 and 55 degrees, pref-
erably by between 20 and 45 degrees, and most preferred by between 30 and 35 de-
grees. Thereby, according to tests performed, at the same time, even more efficient

mixing and even lower energy consumption may be achieved.

In an embodiment, the first peripheral mixing tool is arranged higher than the second
peripheral mixing tool in relation to the bottom wall of the mixing bowl. Thereby, ac-
cording to tests performed, at the same time, even more efficient mixing and even

lower energy consumption may be achieved.

In a preferred embodiment, the central mixing tool is adapted to rotate in a main rota-
tional direction, and the at least one peripheral mixing tool is adapted to rotate in a

rotational direction opposite to the main rotational direction.

In a preferred embodiment, the central mixing tool is adapted to rotate in a main rota-
tional direction, each blade of the central mixing tool extends from a central hub to a
free end at the peripheral side wall of the mixing bowl, each blade curves from the
central hub in a rotational direction opposite to the main rotational direction, and the
free end of each blade is provided with a blade tip having an upper face slanting to-

wards the bottom wall of the mixing bowl in the main rotational direction.
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In an embodiment, the respective peripheral mixer axes, seen in respective radial
cross-sectional views of the mixing bowl, form respective angles with the central mixer
axis of at least 2 degrees, preferably at least 3 degrees, and most preferred at least 4
degrees, so that the lower ends of the peripheral mixing tools, respectively, are at least
slightly pointed towards the central mixer axis. Thereby, according to tests performed,
at the same time, even more efficient mixing and even lower energy consumption may

be achieved.

In a preferred embodiment, the peripheral side wall is rotationally symmetric, such as
composed by conical and/or cylindrical sections, about its central mixer axis, and

wherein the central mixer axis is perpendicular to the bottom wall.

In a preferred embodiment, the peripheral side wall is a cylindrical wall, the bottom wall
is arranged at right angles to the cylindrical wall, and the central mixer axis of the pe-

ripheral side wall is a cylinder axis of the cylindrical wall.

In an embodiment, a second cross-sectional plane through the mixing bowl including
the central mixer axis and extending at right angles to the first cross-sectional plane
defines a lowest point angular position in the lower part of the mixing bowl and a high-
est point angular position in the higher part of the mixing bowl, and an outlet port is
arranged in the peripheral side wall, next to the bottom wall, at the lowest point angular
position. Thereby, emptying of the mixing vessel may be performed even faster and

consequently a reduced process cycle time may be achieved.

In an embodiment, the sand mixing device is controlled to empty the mixing bowl by
opening the outlet port, rotating the central mixing tool and at least substantially reduc-
ing the rotational speed of or stopping the first and second peripheral mixing tools.
Thereby, according to tests, emptying of the mixing vessel may be optimized and con-

sequently a reduced process cycle time may be achieved.

In a structurally particularly advantageous embodiment, the central mixing tool is pro-
vided with a central conical top part covering the upper end of a central mixing shaft on
which the central mixing tool is mounted. Thereby, the efficiency of the sand mixing
device may be improved in that circulation of sand in the mixing bowl may be facilitat-

ed so that sand moved downward at the central part of the mixing bowl may slide
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down on the central conical top part and thereby be guided outwards to the blades of

the central mixing tool at the bottom wall of the mixing bowl.

In an embodiment, the mixing bowl is provided with a horizontal top cover in which a
sand feed hopper is arranged. Thereby, the sand feed hopper may be arranged in
different angular orientations about a vertical axis according to requirements, without

inclining the sand feed hopper in relation to the horizontal plane.

In a structurally particularly advantageous embodiment, a mounting opening in the
horizontal top cover is adapted to the sand feed hopper so that the sand feed hopper
may be arranged in at least four different angular orientations about a vertical axis.
Thereby, the sand feed hopper may in an easy way be arranged in different angular

orientations about a vertical axis according to requirements.

In a structurally particularly advantageous embodiment, each peripheral mixing tool is
driven by a respective direct drive motor arranged on the horizontal top cover by
means of a respective intermediate flange piece arranged on the horizontal top cover
and having a respective motor connection flange adapted to the respective angle of

the peripheral mixer axis.

In a structurally particularly advantageous embodiment, the mixing bowl is provided
with an oblique top cover arranged below the horizontal top cover, each peripheral
mixing tool is driven by a respective direct drive motor arranged on the oblique top
cover by means of a respective intermediate flange piece arranged on the oblique top
cover and having a respective motor connection flange adapted to the respective an-

gle of the respective peripheral mixer axis.

The present invention further relates to a method of mixing sand in a mixing bowl
which is maintained stationarily on a support frame and includes a peripheral side wall
and a bottom wall, whereby a central mixing tool is rotated about a central mixer axis
of the mixing bowl and has a number of blades extending to the peripheral side wall
and swiping over the bottom wall, and whereby at least one peripheral mixing tool is

rotated about a peripheral mixer axis.

The method is characterised by that the mixing bowl is maintained in an inclined posi-

tion on the support frame so that the central mixer axis of the mixing bowl is inclined at



WO 2017/017497 PCT/IB2015/055719

10

15

20

25

30

35

an angle to the vertical, by that a first cross-sectional plane extending through the mix-
ing bowl and including both the central mixer axis and a horizontal line extending in a
plane defining the bottom wall divides the mixing bowl into a lower part positioned rela-
tively lower and a higher part positioned relatively higher, and by that at least one pe-
ripheral mixing tool is rotated in the lower part of the mixing bowl. Thereby, the above

described features may be obtained.

In an embodiment, the central mixer axis of the mixing bowl is inclined at an angle of
between 5 and 30 degrees, preferably of between 7 and 25 degrees, more preferred of
between 8 and 20 degrees, and most preferred of between 9 and 15 degrees to the

vertical. Thereby, the above described features may be obtained.

In an embodiment, during rotation of the central mixing tool, two blades of the central
mixing tool do not simultaneously pass two respective peripheral mixer axes of a pair

of peripheral mixing tools. Thereby, the above described features may be obtained.

In an embodiment, during rotation of the central mixing tool, when one blade of the
central mixing tool passes a peripheral mixer axis of a peripheral mixing tool, the angu-
lar position about the central mixer axis of any other blade of the central mixing tool is
not nearer than 3 degrees, preferably not nearer than 4 degrees, more preferred not
nearer than 5 degrees and most preferred not nearer than 6 degrees, to a peripheral
mixer axis of another peripheral mixing tool. Thereby, the above described features

may be obtained.

In an embodiment, a first peripheral mixing tool is rotated about a first peripheral mixer
axis at a first angular mixer position about the central mixer axis of the mixing bowl
and a second peripheral mixing tool is rotated about a second peripheral mixer axis at
a second angular mixer position about the central mixer axis of the mixing bowl, and
the first and the second peripheral mixing tools are rotated in the lower part of the mix-

ing bowl. Thereby, the above described features may be obtained.

In an embodiment, the central mixing tool rotates sand in the mixing bowl in a main
rotational direction, thereby defining an upstream and a downstream direction in the
mixing bowl, the first peripheral mixing tool meets sand upstream in relation to the
second peripheral mixing tool, and the first angular mixer position differs from an angu-

lar position of the first cross-sectional plane by between 10 and 55 degrees, preferably
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by between 20 and 45 degrees, and most preferred by between 30 and 35 degrees.

Thereby, the above described features may be obtained.

In an embodiment, the first peripheral mixing tool is arranged higher than the second
peripheral mixing tool in relation to the bottom wall of the mixing bowl. Thereby, the

above described features may be obtained.

In an embodiment, the central mixing tool rotates in a main rotational direction, and the
at least one peripheral mixing tool rotate in a rotational direction opposite to the main

rotational direction. Thereby, the above described features may be obtained.

In an embodiment, the central mixing tool rotates in a main rotational direction, each
blade of the central mixing tool extends from a central hub to a free end at the periph-
eral side wall of the mixing bowl, each blade curves from the central hub in a rotational
direction opposite to the main rotational direction, and the free end of each blade is
provided with a blade tip lifting sand in upward direction in relation to the bottom wall of

the mixing bowl. Thereby, the above described features may be obtained.

In an embodiment, the respective peripheral mixer axes, seen in respective radial
cross-sectional views of the mixing bowl, form respective angles with the central mixer
axis of at least 2 degrees, preferably at least 3 degrees, and most preferred at least 4
degrees, so that the lower ends of the peripheral mixing tools, respectively, are at least
slightly pointed towards the central mixer axis. Thereby, the above described features

may be obtained.

In an embodiment, the peripheral side wall is rotationally symmetric, such as com-
posed by conical and/or cylindrical sections, about its central mixer axis, and wherein
the central mixer axis is perpendicular to the bottom wall. Thereby, the above de-

scribed features may be obtained.

In an embodiment, the peripheral side wall is a cylindrical wall, the bottom wall is ar-
ranged at right angles to the cylindrical wall, and the central mixer axis of the peripher-
al side wall is a cylinder axis of the cylindrical wall. Thereby, the above described fea-

tures may be obtained.
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In an embodiment, a second cross-sectional plane through the mixing bowl including
the central mixer axis and extending at right angles to the first cross-sectional plane
defines a lowest point angular position in the lower part of the mixing bowl and a high-
est point angular position in the higher part of the mixing bowl, and, subsequent to
sand mixing, the mixing bowl is emptied of sand through an outlet port arranged in the
peripheral side wall, next to the bottom wall, at the lowest point angular position.

Thereby, the above described features may be obtained.

In an embodiment, subsequent to sand mixing, the mixing bowl is emptied by opening
the outlet port, rotating the central mixing tool and at least substantially reducing the
rotational speed of or stopping the first and second peripheral mixing tools. Thereby,

the above described features may be obtained.

In an embodiment, the central mixing tool is provided with a central conical top part
covering the upper end of a central mixing shaft on which the central mixing tool is
mounted, and sand moves downward at the central part of the mixing bowl and slides
down on the central conical top part and thereby is guided outwards to the blades of
the central mixing tool at the bottom wall of the mixing bowl. Thereby, the above de-

scribed features may be obtained.

In an embodiment, the mixing bowl is provided with a horizontal top cover in which a
sand feed hopper is arranged. Thereby, the above described features may be ob-

tained.

In an embodiment, a mounting opening in the horizontal top cover is adapted to the
sand feed hopper so that the sand feed hopper may be arranged in at least four differ-
ent angular orientations about a vertical axis. Thereby, the above described features

may be obtained.

In an embodiment, each peripheral mixing tool is driven by a respective direct drive
motors arranged on the horizontal top cover by means of a respective intermediate
flange piece arranged on the horizontal top cover and having a respective motor con-
nection flange adapted to the respective angle of the peripheral mixer axis. Thereby,

the above described features may be obtained.
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In an embodiment, the mixing bowl is provided with an oblique top cover arranged
below the horizontal top cover, each peripheral mixing tool is driven by a respective
direct drive motor arranged on the oblique top cover by means of a respective inter-
mediate flange piece arranged on the oblique top cover and having a respective motor
connection flange adapted to the respective angle of the respective peripheral mixer

axis. Thereby, the above described features may be obtained.

The invention will now be explained in more detail below by means of examples of

embodiments with reference to the very schematic drawing, in which
Fig. 1 is a top view of a sand mixing device according to the present invention, seen
obliquely from above in the direction of a central mixer axis, whereby the sand feed

hopper has been removed,

Fig. 2 is a cross-section through a part of the sand mixing device along the line II-ll in
Fig. 1;

Fig. 3 is a radial cross-section through a part of the sand mixing device along the line
-111'in Fig. 1;

Fig. 4 is a side view of another embodiment of the sand mixing device in Fig. 1;

Fig. 5 is a perspective view of another embodiment of the sand mixing device in Fig. 1;

Fig. 6 is a partly cross-sectional side view of an embodiment of the sand mixing de-

vice; illustrating a sand feed hopper arranged in a first position;

Fig. 7 is a top view of the sand mixing device in Fig. 6 illustrating a sand feed hopper

arranged in a first position;

Fig. 8 is a partly cross-sectional side view of an embodiment of the sand mixing de-

vice; illustrating a sand feed hopper arranged in a second position;

Fig. 9 is a top view of the sand mixing device in Fig. 8 illustrating a sand feed hopper

arranged in a second position;
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Fig. 10 is a top view of the central mixing tool of the sand mixing device in Figs. 1 to 3;

Fig. 11 is a partly cross-sectional side view of the central mixing tool in Fig. 10;

Fig. 12 is a graphical representation of the power consumption for a prior art sand mix-

ing device; and

Fig. 13 is a graphical representation of the power consumption for a sand mixing de-

vice according to the present invention.

Throughout the following description of different embodiments of the invention, similar

elements have generally been denoted by identical reference numerals.

The present invention relates to sand mixing devices suitable for mixing sand and wa-
ter preferably for the use in sand moulding machines. Fig. 2 illustrates a sand mixing
device 1 having a mixing bowl 2 which is arranged stationarily on a support frame 3
and includes a peripheral side wall 4 and a bottom wall 5. A central mixing tool 6 is
arranged rotatably about a central mixer axis 7 of the mixing bowl 2 and has four
blades 8 extending along the bottom wall 5 to the peripheral side wall 4. As seen in
Fig. 1, a first peripheral mixing tool 9 is arranged rotatably about a first peripheral mix-
er axis 10 at a first angular mixer position P4 about the central mixer axis 7 of the mix-
ing bowl 2. The first angular mixer position is located in the cross-section illustrated in
Fig. 3. A second peripheral mixing tool 11 is arranged rotatably about a second pe-
ripheral mixer axis 12 at a second angular mixer position P> about the central mixer
axis 7 of the mixing bowl 2. The second angular mixer position is located in the cross-

section illustrated in Fig. 2.

As seen in Figs. 2 and 3, the mixing bowl 2 is arranged in an inclined position on the
support frame 3 so that the central mixer axis 7 of the mixing bowl is inclined at an
angle M to the vertical. In the illustrated embodiment, the angle M is approximately 8
degrees. However, the angle M may according to the invention be between 5 and 30
degrees, preferably between 7 and 25 degrees, more preferred between 8 and 20 de-
grees, and most preferred between 9 and 15 degrees. The support frame 3 is provided
with not shown feet or the like adapted to position the support frame 3 on a horizontal-
ly extending floor so that the mixing bowl 2 is inclined at said angle M to the vertical.

During operation of the sand mixing device 1, the peripheral side wall 4 and the bottom
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wall 5 are contacted directly by the sand material being mixed in the sand mixing de-

vice 1.

Fig. 1 is a top view of the sand mixing device 1 according to the present invention,
seen obliquely from above in the direction of the central mixer axis 7. Fig. 1 illustrates
a first cross-sectional plane 13 extending through the mixing bowl 2 and including both
the central mixer axis 7 and a not shown horizontal line extending in a plane defining
the bottom wall 5. The first cross-sectional plane 13 divides the mixing bowl 2 into a
lower part 14 positioned relatively lower and a higher part 15 positioned relatively
higher. The first and the second peripheral mixing tools 9, 11 are arranged in the lower
part 14 of the mixing bowl 2. Generally, according to the present invention, at least one
peripheral mixing tool is arranged in the mixing bowl 2, and at least one of these pe-

ripheral mixing tools is arranged in the lower part 14 of the mixing bowl 2.

In the embodiment illustrated in the figures, the central mixing tool 6 includes four
blades 8 distributed evenly about the central mixer axis 7 of the mixing bowl 2. Neigh-
bouring blades 8 thereby form a mutual angle of 90 degrees. The first and second pe-
ripheral mixing tools 9, 11 are arranged so that the first and second angular mixer po-
sitions differ by an angle P+ of approximately 83 degrees. However, according to the
invention, the first and the second peripheral mixing tools 9, 11 may be arranged so
that the first and second angular mixer positions differ by an angle P, of between 73
and 87 degrees, preferably by between 78 and 85 degrees, and most preferred by

between 82 and 84 degrees.

Tests have proven that if two blades 8 of the central mixing tool 6 during rotation sim-
ultaneously or almost simultaneously pass a respective one of the peripheral mixing
tools 9, 11, an undesirable counter-phase effect may cause increased energy con-
sumption. By the immediately above mentioned arrangement of the first and the sec-
ond peripheral mixing tools 9, 11 in combination with the inclined mixing bowl 2, such
undesirable counter-phase effect may be reduced or avoided in such a way that the
energy consumption may be reduced without influencing the mixing efficiency nega-

tively, so that mixing time is not increased.

In other embodiments, the central mixing tool 6 may include other numbers of blades 8
distributed evenly about the central mixer axis 7 so that neighbouring blades form a

certain mutual angle. In this case, generally, according to the invention, the first and
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the second peripheral mixing tools 9, 11 are arranged so that the first and second an-
gular mixer positions P1, P differ by an angle P1; that is different from an integer mul-
tiple of the certain mutual angle of the neighbouring blades 8 of the central mixing tool
6. In the case that a greater number of peripheral mixing tools is arranged, such as
three, four or even more peripheral mixing tools, these are arranged so that the mutual
angle between any pair of peripheral mixing tools is different from an integer multiple
of the certain mutual angle of the neighbouring blades of the central mixing tool.

Thereby, the above-mentioned undesirable counter-phase effect may be reduced.

Preferably, the peripheral mixing tools are arranged so that the mutual angle between
any pair of peripheral mixing tools differs more than 3 per cent, preferably more than 5
per cent, and most preferred more than 7 per cent, from an integer multiple of the cer-
tain mutual angle of the neighbouring blades of the central mixing tool. Thereby, the
above-mentioned undesirable counter-phase effect may be substantially reduced or

avoided.

In the embodiments illustrated in the figures, the central mixing tool 6 is adapted to
rotate sand in the mixing bowl 2 in a main rotational direction R, thereby defining an
upstream and a downstream direction in the mixing bowl 2. As seen in Fig. 1, the first
peripheral mixing tool 9 is located upstream in relation to the second peripheral mixing
tool 12. When the angular position of the first cross-sectional plane 13 in the top half of
Fig. 1 is set to zero degrees, it is preferred that the first angular mixer position P is
between 10 and 55 degrees, preferably between 20 and 45 degrees, and most pre-
ferred between 30 and 35 degrees. In the embodiment illustrated in Fig. 1, the first
angular mixer position P, is 32 degrees, and the second angular mixer position P; is

115 degrees.

Preferably, the first peripheral mixing tool 9 is arranged higher than the second periph-

eral mixing tool 11 in relation to the bottom wall 5 of the mixing bowl 2.

Preferably, the central mixing tool 6 is adapted to rotate in the main rotational direction
R, and the first and second peripheral mixing tools 9, 11 are adapted to rotate in a
rotational direction r opposite to the main rotational direction R. In Fig. 1, the main ro-

tational direction R is counter clockwise.
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The central mixing tool 6 is adapted to rotate in the main rotational direction R, and as
illustrated in Fig. 10, each blade 8 of the central mixing tool 6 extends from a central
hub 16 to a free end 17 at the peripheral side wall 4 of the mixing bowl 2 so that each
blade 8 curves from the central hub 16 in a rotational direction opposite to the main
rotational direction R. Thereby, two opposed blades 8 together makes an S-formed
configuration. The free end 17 of each blade 8 is provided with a blade tip 18 having
an upper face 49 slanting towards the bottom wall 5 of the mixing bowl 2 in the main
rotational direction R. During mixing of sand, the blade tips may lift sand in upward

direction in relation to the bottom wall 5 of the mixing bowl 2.

The first and second peripheral mixer axes 10, 11, as seen in Figs. 3 and 2 in the re-
spective radial cross-sectional views of the mixing bowl 2, form respective angles m
with the central mixer axis, so that the lower ends of the first and second peripheral
mixing tools 10, 11, respectively, are at least slightly pointed towards the central mixer
axis 7. In the embodiment illustrated, the respective angles m equal 5 degrees; how-
ever, generally, according to the present invention, the angles may be at least 2 de-

grees, preferably at least 3 degrees, and most preferred at least 4 degrees.

In the illustrated embodiment, the peripheral side wall 4 of the mixing bowl 2 is a cylin-
drical wall, the bottom wall is arranged at right angles to the cylindrical wall, and the
central mixer axis 7 of the peripheral side wall 4 and of the mixing bowl 2 is a cylinder
axis of the cylindrical wall. However, generally, according to the present invention, the
peripheral side wall 4 is rotationally symmetric, such as composed by conical and/or
cylindrical sections, about its central mixer axis 7. The central mixer axis 7 is prefera-

bly perpendicular to the bottom wall 5.

Fig. 1 further illustrates a second cross-sectional plane 19 extending through the mix-
ing bowl 2, including the central mixer axis 7 and extending at right angles to the first
cross-sectional plane 13. The second cross-sectional plane 19 defines a lowest point
angular position Lp of the bottom wall 5 in the lower part 14 of the mixing bowl 2 and a
highest point angular position Hp of the bottom wall 5 in the higher part 15 of the mix-
ing bowl 2. An outlet port 20 is arranged in the peripheral side wall 4, next to the bot-

tom wall 5, at the lowest point angular position Le.

By means of a computer 21, the sand mixing device 1 is controlled to, subsequent to

sand mixing, empty the mixing bowl 2 by opening the outlet port 20, rotating the cen-



WO 2017/017497 PCT/IB2015/055719

10

15

20

25

30

35

15

tral mixing tool 6 and at least substantially reducing the rotational speed of or stopping
the first and second peripheral mixing tools 9, 11. Rotation of the central mixing tool 6
may facilitate the emptying operation, whereas rotation of the first and/or the second
peripheral mixing tool 9, 11 in some circumstances may slow down the emptying op-

eration.

As illustrated in Figs. 2, 3 and 11, the central mixing tool 6 is provided with a central
conical top part 22 covering the upper end of a central mixing shaft 23 on which the
central mixing tool 6 is mounted. During mixing of sand, sand moves downward at the
central part of the mixing bowl 2 and slides down on the central conical top part 22 and
is thereby guided outwards to the blades 8 of the central mixing tool 6 at the bottom
wall 5 of the mixing bowl 2. The central mixing tool 6 is driven by means of a drive mo-

tor 46 via an angular gearbox 47.

As illustrated in Figs. 6 to 9, the mixing bowl 2 is provided with a horizontal top cover
24 in which a sand feed hopper 25 also denoted a batch hopper is arranged. It is not-
ed that in Figs. 6 and 8, the central mixing tool 6 has not been mounted. In the hori-
zontal top cover 24, a mounting opening 26 is adapted to fit a substantially rectangular
bottom part of the sand feed hopper 25 so that the sand feed hopper 25 may be ar-
ranged in at least four different angular orientations about a vertical axis. Thereby, the
orientation of the sand feed hopper 25 may conveniently be adapted to the position of
a sand conveyor adapted to fill sand into the sand feed hopper 25. In the configuration
illustrated in Figs. 8 and 9, the sand feed hopper 25 has been rotated 90 degrees
about said vertical axis in relation to the configuration illustrated in Figs. 6 and 7. Of
course, the mounting opening 26 may have different forms in order to fit the sand feed
hopper 25 so that the sand feed hopper 25 may be rotated to be mounted in different
positions. In the illustrated embodiment, the mounting opening 26 is at least substan-
tially square-formed. In an alternative configuration, the bottom part of the sand feed

hopper 25 is circular, and the corresponding mounting opening 26 is circular.

The sand feed hopper 25 is in a well-known way provided with three not shown weigh-
ing cells. When the required weight of sand has been achieved in the sand feed hop-
per 25, this is detected by the weighing cells, and a bottom door of the sand feed hop-
per 25 is opened by means of a pneumatic cylinder so that the sand is fed into the
sand mixing device 1. The sand mixing device 1 is furthermore provided with a not

shown water supply including a water tank large enough to contain the amount re-
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quired for at least one batch operation of the sand mixing device, for instance 100 [i-
tres. The water tank is also provided with a number of weighing cells so that the weight
of water present in the water tank may be weighed continuously as the water is sup-
plied from the tank to the mixing bowl 2. Firstly, a relatively large amount of water,
such as 90 kilogrammes, estimated to be almost enough for the required humidity of
the sand, is filled into the mixing bowl via a relatively large control valve. This is pref-
erably done simultaneously with the sand filling operation. This relatively large amount
of water may for instance be supplied to the mixing bowl within 15 seconds. The rela-
tively large control valve may provide fast water filling. Subsequently, after that the
sand mixing operation has been performed for a certain time, the sand humidity in the
mixing bowl 2 is measured and a required additional sand weight is calculated. Then,
a relatively small amount of water, such as 4 kilogrammes, estimated to be enough for
the required humidity of the sand, is filled into the mixing bowl via a relatively small

control valve. The relatively small control valve may provide precision.

In the embodiments illustrated in Figs. 4 and 5, each peripheral mixing tool 9, 11 is
driven by a respective direct drive motor 27, 28 arranged on the horizontal top cover
24 by means of a respective intermediate flange piece 29, 30 arranged on the horizon-
tal top cover 24 and having a respective motor connection flange 31, 32 adapted to the
respective angle of the respective peripheral mixer axis 10, 12. As the direct drive mo-
tors 27, 28 are relatively compact compared to prior art belt drives, this arrangement
facilitates the above-mentioned design of the sand feed hopper 25 whereby the sand
feed hopper 25 may be arranged in different angular orientations about a vertical axis.

Furthermore, the direct drive motors provide for easier maintenance than belt drives.

In the embodiments illustrated in Figs. 2, 3, and 6 to 9, the mixing bowl 2 is provided
with an oblique top cover 33 arranged below the horizontal top cover 24. Each periph-
eral mixing tool 9, 11 is driven by a respective direct drive motor 27, 28 arranged on
the oblique top cover 33 by means of a respective intermediate flange piece 34, 35
arranged on the oblique top cover 33 and having a respective motor connection flange
36, 37 adapted to the respective angle of the respective peripheral mixer axis 10, 12.
Each peripheral mixing tool 9, 11 is connected to the respective drive motor 27, 28 by

means of a respective flexible coupling 38.

Figs. 12 and 13 illustrate simulated comparative test results regarding power con-

sumption for sand mixing devices having a mixing capacity of approximately 3000 Kkil-
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ogrammes per batch. Fig. 13 is a graphical representation of the power consumption
for the sand mixing device 1 according to the present invention as illustrated in Figs. 1
to 3. Fig. 12 is a corresponding graphical representation of the power consumption for
a prior art sand mixing device corresponding in size and sand mixing capacity to the
sand mixing device 1 illustrated in Figs. 1 to 3 and having a corresponding central mix-
ing tool, but having a mixing bowl arranged vertically so that the central mixer axis is
vertical, and having two peripheral mixing tools arranged diametrically opposed in rela-
tion to the central mixer axis. The central mixing tool of both tested sand mixing devic-
es rotated at approximately 26 rpm. The peripheral mixing tools of the prior art device
rotated at approximately 1200 rpm, and the peripheral mixing tools of the sand mixing
device 1 according to the present invention rotated at approximately 1000 rpm. As
mentioned above, for the sand mixing device 1 according to the present invention as
illustrated in Figs. 1 to 3, the first angular mixer position P is 32 degrees, the first and
second angular mixer positions differ by an angle P12 of approximately 83 degrees, the
mixing bowl is inclined at an angle M of approximately 8 degrees to the vertical, and
the first and second peripheral mixer axes 10, 11 form respective angles m of approx-
imately 5 degrees with the central mixer axis 7. The peripheral mixer axes of the pe-
ripheral mixing tools of the prior art device form respective angles of approximately 2

degrees with the central mixer axis.

Fig. 12 illustrates the power consumption of the central mixing tool by means of the
curve 39 and the average thereof by means of the line 40. Furthermore, Fig. 12 illus-
trates the power consumption of one of the peripheral mixing tools by means of the

curve 41 and the average thereof by means of the line 42.

In Fig. 12 it is seen that in the prior art sand mixing device, the central mixing tool con-
sumes an average of approximately 140 kilowatt, and the two peripheral mixing tools
consume a total average of approximately 115 kilowatt (each peripheral mixing tool
consumes slightly less than 60 kilowatt). This makes a total average power consump-

tion for the prior art sand mixing device of approximately 255 kilowatt.

Fig. 13 illustrates the power consumption of the central mixing tool 6 by means of the
curve 43. Furthermore, Fig. 13 illustrates the power consumption of the first peripheral
mixing tool 9 by means of the curve 44 and the power consumption of the second pe-

ripheral mixing tool 11 by means of the curve 45.
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In Fig. 13 it is seen that in the sand mixing device 1 according to the present invention,
the central mixing tool 6 consumes an average of approximately 130 kilowatt, and the
two peripheral mixing tools 9, 11 consume a total average of approximately 100 kilo-
watt (each peripheral mixing tool consumes approximately 50 kilowatt). This makes a
total average power consumption for the sand mixing device 1 according to the pre-

sent invention of approximately 230 kilowatt.

Therefore, a result of the simulated comparative test is that the sand mixing device 1
according to the present invention consumes 10 per cent less power than the prior art

sand mixing device.

However, according to the simulated test result, the mixing time required to achieve a
satisfactory mixing result was also reduced from the prior art sand mixing device to the
sand mixing device 1 according to the present invention. Whereas the prior art sand
mixing device requires 120 seconds of mixing to obtain a satisfactory result, the sand

mixing device 1 according to the present invention only requires 110 seconds.

On the basis of the above, a further result of the simulated comparative test is that the
total energy consumption required to mix a batch of sand to a satisfactory mixing result

is reduced by almost 20 per cent.

Furthermore, it should be noted that according to tests, the sand mixing device 1 ac-
cording to the present invention may perform the sand and water filling operation in
approximately 10 seconds which is generally faster than standard prior art procedures

which depend on tap pressure in that water is simply supplied from a tap.

Additionally, it should be noted that according to tests, the sand mixing device 1 ac-
cording to the present invention may perform the emptying operation in approximately
20 seconds compared to approximately 30 seconds for the prior art sand mixing de-

vice.

Summing up the above, it is estimated that the total batch processing time for the sand
mixing device 1 according to the present invention may be reduced by at least 10 to 15

per cent compared to the prior art sand mixing device.
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It should be mentioned that throughout this description, whenever sand is referred to, it
should be understood that any suitable particulate material may be applied. The sand
or particulate material may typically be so-called green sand (also called clay bound
sand), i.e. moulding material based on quartz sand, clay, coal dust and water. Howev-

5 er, other particulate materials and binder systems may be applied.
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Claims

1. A sand mixing device (1) having a mixing bowl (2) which is arranged stationarily
on a support frame (3) and includes a peripheral side wall (4) and a bottom wall (5), a
central mixing tool (6) being arranged rotatably about a central mixer axis (7) of the
mixing bowl (2) and having a number of blades (8) extending along the bottom wall (5)
to the peripheral side wall (4), and at least one peripheral mixing tool (9, 11) being
arranged rotatably about a peripheral mixer axis (10, 12), characterised in that the
mixing bowl (2) is arranged in an inclined position on the support frame (3) so that the
central mixer axis (7) of the mixing bowl (2) is inclined at an angle to the vertical, in
that a first cross-sectional plane (13) extending through the mixing bowl (2) and includ-
ing both the central mixer axis (7) and a horizontal line extending in a plane defining
the bottom wall (5) divides the mixing bowl (2) into a lower part (14) positioned rela-
tively lower and a higher part (15) positioned relatively higher, and in that at least one

peripheral mixing tool (9, 11) is arranged in the lower part (14) of the mixing bowl (2).

2. A sand mixing device according to claim 1, wherein the central mixer axis (7) of
the mixing bowl (2) is inclined at an angle (M) of between 5 and 30 degrees, preferably
of between 7 and 25 degrees, more preferred of between 8 and 20 degrees, and most

preferred of between 9 and 15 degrees to the vertical.

3. A sand mixing device according to claim 1 or 2, wherein the blades (8) of the
central mixing tool (6) are distributed evenly about the central mixer axis (7) of the mix-
ing bowl (2), neighbouring blades (8) thereby forming a certain mutual angle, and
wherein the at least one peripheral mixing tool (9, 11) is arranged so that the mutual
angle between any pair of peripheral mixing tools (9, 11) is different from an integer
multiple of the certain mutual angle of the neighbouring blades (8) of the central mixing
tool (6).

4 A sand mixing device according to claim 3, wherein the at least one peripheral
mixing tool (9, 11) is arranged so that the mutual angle between any pair of peripheral
mixing tools differs more than 3 per cent, preferably more than 5 per cent, and most
preferred more than 7 per cent, from an integer multiple of the certain mutual angle of

the neighbouring blades of the central mixing tool (6).
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5. A sand mixing device according to any one of the preceding claims, wherein the
sand mixing device (1) includes a first peripheral mixing tool (9) being arranged rotata-
bly about a first peripheral mixer axis (10) at a first angular mixer position (P1) about
the central mixer axis (7) of the mixing bowl (2) and a second peripheral mixing tool
(11) being arranged rotatably about a second peripheral mixer axis (12) at a second
angular mixer position (P2) about the central mixer axis (7) of the mixing bowl (2), and
wherein the first and the second peripheral mixing tools (9, 11) are arranged in the

lower part (14) of the mixing bowl (2).

6. A sand mixing device according to claim 5, wherein the central mixing tool (6)
includes four blades (8) distributed evenly about the central mixer axis (7) of the mix-
ing bowl (2), neighbouring blades (8) thereby forming a mutual angle of 90 degrees,
and wherein the first and the second peripheral mixing tools (9, 11) are arranged so
that the first and second angular mixer positions (P1, P2) differ by between 73 and 87
degrees, preferably by between 78 and 85 degrees, and most preferred by between
82 and 84 degrees.

7. A sand mixing device according to claim 5 or 6, wherein the central mixing tool
(6) is adapted to rotate sand in the mixing bowl (2) in a main rotational direction (R),
thereby defining an upstream and a downstream direction in the mixing bowl (2),
wherein the first peripheral mixing tool (9) is located upstream in relation to the second
peripheral mixing tool (11), and wherein the first angular mixer position (P1) differs
from an angular position of the first cross-sectional plane (13) by between 10 and 55
degrees, preferably by between 20 and 45 degrees, and most preferred by between
30 and 35 degrees.

8. A sand mixing device according to claim 7, wherein the first peripheral mixing
tool (9) is arranged higher than the second peripheral mixing tool (11) in relation to the

bottom wall (5) of the mixing bowl (2).

9. A sand mixing device according to any one of the preceding claims, wherein the
central mixing tool (6) is adapted to rotate in a main rotational direction (R), and
wherein the at least one peripheral mixing tool (9, 11) is adapted to rotate in a rota-

tional direction (r) opposite to the main rotational direction (R).
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10. A sand mixing device according to any one of the preceding claims, wherein the
central mixing tool (6) is adapted to rotate in a main rotational direction (R), wherein
each blade (8) of the central mixing tool (6) extends from a central hub (16) to a free
end (17) at the peripheral side wall (4) of the mixing bowl (2), wherein each blade (8)
curves from the central hub (16) in a rotational direction opposite to the main rotational
direction (R), and wherein the free end (17) of each blade (8) is provided with a blade
tip (18) having an upper face (49) slanting towards the bottom wall (5) of the mixing

bowl (2) in the main rotational direction (R).

11. A sand mixing device according to any one of the preceding claims, wherein the
respective peripheral mixer axes (10, 12), seen in respective radial cross-sectional
views of the mixing bowl (2), form respective angles with the central mixer axis (7) of
at least 2 degrees, preferably at least 3 degrees, and most preferred at least 4 de-
grees, so that the lower ends of the peripheral mixing tools (9, 11), respectively, are at

least slightly pointed towards the central mixer axis (7).

12. A sand mixing device according to any one of the preceding claims, wherein the
peripheral side wall (4) is rotationally symmetric, such as composed by conical and/or
cylindrical sections, about its central mixer axis (7), and wherein the central mixer axis

(7) is perpendicular to the bottom wall (5).

13. A sand mixing device according to any one of the preceding claims, wherein the
peripheral side wall (4) is a cylindrical wall, the bottom wall (5) is arranged at right an-
gles to the cylindrical wall, and the central mixer axis (7) of the peripheral side wall (4)

is a cylinder axis of the cylindrical wall.

14. A sand mixing device according to any one of the preceding claims, wherein a
second cross-sectional plane (19) through the mixing bowl (2) including the central
mixer axis (7) and extending at right angles to the first cross-sectional plane (13) de-
fines a lowest point angular position (Lp) in the lower part (14) of the mixing bowl (2)
and a highest point angular position (Hg) in the higher part (15) of the mixing bowl (2),
and wherein an outlet port (20) is arranged in the peripheral side wall (4), next to the

bottom wall (5), at the lowest point angular position (Lg).

15. A sand mixing device according to claim 14, wherein the sand mixing device (1)

is controlled to empty the mixing bowl (2) by opening the outlet port (20), rotating the
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central mixing tool (6) and at least substantially reducing the rotational speed of or

stopping the first and second peripheral mixing tools (9, 11).

16. A sand mixing device according to any one of the preceding claims, wherein the
central mixing tool (6) is provided with a central conical top part (22) covering the up-

per end of a central mixing shaft (23) on which the central mixing tool (6) is mounted.

17. A sand mixing device according to any one of the preceding claims, wherein the
mixing bowl (2) is provided with a horizontal top cover (24) in which a sand feed hop-

per (25) is arranged.

18. A sand mixing device according to claim 17, wherein a mounting opening (26) in
the horizontal top cover (24) is adapted to the sand feed hopper (25) so that the sand
feed hopper may be arranged in at least four different angular orientations about a

vertical axis.

19. A sand mixing device according to claim 17 or 18, wherein each peripheral mix-
ing tool (9, 11) is driven by a respective direct drive motor (27, 28) arranged on the
horizontal top cover (24) by means of a respective intermediate flange piece (29, 30)
arranged on the horizontal top cover (24) and having a respective motor connection
flange (31, 32) adapted to the respective angle of the respective peripheral mixer axis
(10, 12).

20. A sand mixing device according to claim 17 or 18, wherein the mixing bowl (2) is
provided with an oblique top cover (33) arranged below the horizontal top cover (24),
wherein each peripheral mixing tool (9, 11) is driven by a respective direct drive motor
(27, 28) arranged on the oblique top cover (33) by means of a respective intermediate
flange piece (34, 35) arranged on the oblique top cover and having a respective motor
connection flange (36, 37) adapted to the respective angle of the respective peripheral

mixer axis (10, 12).

21. A method of mixing sand in a mixing bowl (2) which is maintained stationarily on
a support frame (3) and includes a peripheral side wall (4) and a bottom wall (5),
whereby a central mixing tool (6) is rotated about a central mixer axis (7) of the mixing
bowl and has a number of blades (8) extending to the peripheral side wall (4) and

swiping over the bottom wall (5), and whereby at least one peripheral mixing tool (9,
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11) is rotated about a peripheral mixer axis (10, 12), characterised by that the mixing
bowl (2) is maintained in an inclined position on the support frame (3) so that the cen-
tral mixer axis (7) of the mixing bowl (2) is inclined at an angle to the vertical, by that a
first cross-sectional plane (13) extending through the mixing bowl (2) and including
both the central mixer axis (7) and a horizontal line extending in a plane defining the
bottom wall (5) divides the mixing bowl (2) into a lower part (14) positioned relatively
lower and a higher part (15) positioned relatively higher, and by that at least one pe-

ripheral mixing tool (9, 11) is rotated in the lower part (14) of the mixing bowl (2).

22. A method of mixing sand according to claim 21, whereby the central mixer axis
(7) of the mixing bowl (2) is inclined at an angle (M) of between 5 and 30 degrees,
preferably of between 7 and 25 degrees, more preferred of between 8 and 20 degrees,

and most preferred of between 9 and 15 degrees to the vertical.

23. A method of mixing sand according to claim 21 or 22, whereby, during rotation of
the central mixing tool (6), two blades (8) of the central mixing tool do not simultane-
ously pass two respective peripheral mixer axes (10, 12) of a pair of peripheral mixing
tools (9, 11).

24. A method of mixing sand according to any one of the claims 21 to 23, whereby,
during rotation of the central mixing tool (6), when one blade (8) of the central mixing
tool (6) passes a peripheral mixer axis (10, 12) of a peripheral mixing tool (9, 11), the
angular position about the central mixer axis (7) of any other blade (8) of the central
mixing tool (6) is not nearer than 3 degrees, preferably not nearer than 4 degrees,
more preferred not nearer than 5 degrees and most preferred not nearer than 6 de-

grees, to a peripheral mixer axis (10, 12) of another peripheral mixing tool (9, 11).

25. A method of mixing sand according to any one of the claims 21 to 24, whereby a
first peripheral mixing tool (9) is rotated about a first peripheral mixer axis (10) at a first
angular mixer position (P1) about the central mixer axis (7) of the mixing bowl (2) and a
second peripheral mixing tool (11) is rotated about a second peripheral mixer axis (12)
at a second angular mixer position (P2) about the central mixer axis (7) of the mixing
bowl (2), and whereby the first and the second peripheral mixing tools (9, 11) are ro-

tated in the lower part (14) of the mixing bowl (2).
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26. A method of mixing sand according to claim 25, whereby the central mixing tool
(6) rotates sand in the mixing bowl (2) in a main rotational direction (R), thereby defin-
ing an upstream and a downstream direction in the mixing bowl (2), whereby the first
peripheral mixing tool (9) meets sand upstream in relation to the second peripheral
mixing tool (11), and whereby the first angular mixer position (P1) differs from an angu-
lar position of the first cross-sectional plane (13) by between 10 and 55 degrees, pref-
erably by between 20 and 45 degrees, and most preferred by between 30 and 35 de-

grees.

27. A method of mixing sand according to claim 25 or 26, whereby the first peripher-
al mixing tool (9) is arranged higher than the second peripheral mixing tool (11) in rela-

tion to the bottom wall (5) of the mixing bowl (2).

28. A method of mixing sand according to any one of the claims 21 to 27, whereby
the central mixing tool (6) rotates in a main rotational direction (R), and wherein the at
least one peripheral mixing tool (9, 11) rotates in a rotational direction (r) opposite to

the main rotational direction (R).

29. A method of mixing sand according to any one of the claims 21 to 28, whereby
the central mixing tool (6) rotates in a main rotational direction (R), whereby each
blade (8) of the central mixing tool (6) extends from a central hub (16) to a free end
(17) at the peripheral side wall (4) of the mixing bowl (2), whereby each blade (8)
curves from the central hub (16) in a rotational direction opposite to the main rotational
direction (R), and whereby the free end (17) of each blade (8) is provided with a blade
tip (18) lifting sand in upward direction in relation to the bottom wall (5) of the mixing
bowl (2).

30. A method of mixing sand according to any one of the claims 21 to 29, whereby
the respective peripheral mixer axes (10, 12), seen in respective radial cross-sectional
views of the mixing bowl (2), form respective angles with the central mixer axis (7) of
at least 2 degrees, preferably at least 3 degrees, and most preferred at least 4 de-
grees, so that the lower ends of the peripheral mixing tools (9, 11), respectively, are at

least slightly pointed towards the central mixer axis (7).

31. A method of mixing sand according to any one of the claims 21 to 30, whereby

the peripheral side wall (4) is rotationally symmetric, such as composed by conical
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and/or cylindrical sections, about its central mixer axis (7), and wherein the central

mixer axis (7) is perpendicular to the bottom wall (5).

32. A method of mixing sand according to any one of the claims 21 to 31, whereby
the peripheral side wall (4) is a cylindrical wall, the bottom wall (5) is arranged at right
angles to the cylindrical wall, and the central mixer axis (7) of the peripheral side wall

(4) is a cylinder axis of the cylindrical wall.

33. A method of mixing sand according to any one of the claims 21 to 32, whereby a
second cross-sectional plane (19) through the mixing bowl (2) including the central
mixer axis (7) and extending at right angles to the first cross-sectional plane (13) de-
fines a lowest point angular position (Lp) in the lower part (14) of the mixing bowl (2)
and a highest point angular position (Hg) in the higher part (15) of the mixing bowl (2),
and whereby, subsequent to sand mixing, the mixing bowl (2) is emptied of sand
through an outlet port (20) arranged in the peripheral side wall (4), next to the bottom

wall (5), at the lowest point angular position (Lg).

34. A method of mixing sand according to claim 33, whereby, subsequent to sand
mixing, the mixing bowl (2) is emptied by opening the outlet port (20), rotating the cen-
tral mixing tool (6) and at least substantially reducing the rotational speed of or stop-

ping the first and second peripheral mixing tools (9, 11).

35. A method of mixing sand according to any one of the claims 21 to 34, whereby
the central mixing tool (6) is provided with a central conical top part (22) covering the
upper end of a central mixing shaft (23) on which the central mixing tool (6) is mount-
ed, and whereby sand moves downward at the central part of the mixing bowl (2) and
slides down on the central conical top (22) part and thereby is guided outwards to the

blades (8) of the central mixing tool (6) at the bottom wall (5) of the mixing bowl (2).

36. A method of mixing sand according to any one of the claims 21 to 35, whereby
the mixing bowl (2) is provided with a horizontal top cover (24) in which a sand feed

hopper (25) is arranged.

37. A method of mixing sand according to any one of the claims 21 to 36, whereby a

mounting opening (26) in the horizontal top cover (24) is adapted to the sand feed
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hopper (25) so that the sand feed hopper may be arranged in at least four different

angular orientations about a vertical axis.

38. A method of mixing sand according to any one of the claims 21 to 37, whereby
each peripheral mixing tool (9, 11) is driven by a respective direct drive motors (27, 28)
arranged on the horizontal top cover (24) by means of a respective intermediate flange
piece (29, 30) arranged on the horizontal top cover (24) and having a respective motor
connection flange (31, 32) adapted to the respective angle of the peripheral mixer axis
(10, 12).

39. A method of mixing sand according to any one of the claims 21 to 37, whereby
the mixing bowl (2) is provided with an oblique top cover (33) arranged below the hori-
zontal top cover (24), whereby each peripheral mixing tool (9, 11) is driven by a re-
spective direct drive motor (27, 28) arranged on the oblique top cover (33) by means
of a respective intermediate flange piece (29, 30) arranged on the oblique top cover
(33) and having a respective motor connection flange (31, 32) adapted to the respec-

tive angle of the respective peripheral mixer axis (10, 12).
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