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(54) DEVICE FOR MOVING A HOMOGENIZING AND/OR SLAGGING TOOL OF MOLTEN METAL, IN 
PARTICULAR ALUMINUM, IN MELTING FURNACES

(57) Device for moving a homogenization and/or
slagging tool of molten metal, in particular aluminum, in
melting furnaces, which device comprises
- an arm (2) preferably telescopically extendable, which
arm can be swiveled around a horizontal axis in both
directions with respect to a base element (1), and which
arm carries at a tool holder end a homogenizing and/or

slagging tool (3);
- an oscillating support mechanism of the said arm (2)
around the said horizontal axis to which the said arm is
constrained for the execution of an angular movement in
the vertical plane of the support head of the slagging tool
(3).
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Description

TEXT OF THE DESCRIPTION

[0001] The invention relates to a device for moving a homogenization and/or slagging tool of molten metal, in particular
aluminum, in melting furnaces.
[0002] In particular, the invention relates to a device for moving a homogenization and/or slagging tool of molten metal,
in particular aluminum, in melting furnaces, which device comprises

- an arm preferably telescopically extendable, which arm is articulated at a its rear terminal end so that it can swing
around a horizontal axis in both directions with respect to a base element, while the opposite end carries the
homogenizing/slagging tool;

- a mechanism for lifting and lowering said arm by swinging around said horizontal axis, which mechanism consists
of at least one structure in the form of a polyhedral cage, the walls of which are oriented perpendicular to the vertical
plane passing through the longitudinal axis of the arm and are mutually articulated by means of articulation hinges
at the adjacent connection ends, with an articulation axis also oriented perpendicular to said vertical plane passing
through the longitudinal axis of the arm;

- the said polyhedral cage has at least one stationary articulation hinge relative to said base, i.e. a hinge which is
fixed to said base in an unmovable way with respect to the same in relation to the position on said base,

- and the said polyhedral cage has at least one further articulation hinge and which is fixed to said arm in a stationary
manner, i.e. so as not to perform relative movements with respect to said arm,

- while at least one linear actuator for varying the relative angular positions between the individual walls connected
to each other by said articulation hinges is further connected to said articulated polyhedral cage,

- which linear actuator modifies the inclination of one of the walls of the polyhedral cage which is connected with one
end to said stationary hinge relative to said base and correspondingly causes the modification of the inclination of
the wall of the polyhedral cage fixed to the arm by means of said at least one further articulation hinge.

[0003] Devices of this type are known and for example have an oscillation mechanism around a horizontal axis and/or
in a vertical plane of the arm which is made as shown in figure 1.
[0004] In general, the means for homogenizing and slagging the molten bath of metals, in particular aluminum, have
a telescopic arm which is fixed in an oscillating manner in the vertical plane to a base, for example a vehicle by means
of an articulated parallelogram-like structure which it is constituted in the form of a parallelepiped cage, the sides of
which are perpendicular to the plane passing through the longitudinal axis of the arm 2 and are articulated to each other
by means of hinges which define the relative oscillation axes of said walls which are also oriented perpendicular to the
vertical plane passing through the axis of the arm.
[0005] As shown in figures 1a, 1b and 1c, a side view in the direction of an axis of view perpendicular to the vertical
plane passing through the axis of the arm 2 (in this case a plane parallel to the sheet) of said articulated parallelepiped
coincides with a representation of the same identical to that of a two-dimensional articulated parallelogram. The articulated
parallelepiped being substantially corresponding to an expansion of the articulated parallelogram in a third dimension
parallel to the articulation axes of the branches of said articulated parallelogram.
[0006] As will also appear from the following description of the embodiments according to the present invention, this
geometry and the above definitions also apply to the embodiments of the present invention. In the figures 1a to 1c an
example of an embodiment according to the state of the art is shown in particular.
[0007] Always with reference to the above, the constructive characteristic of the walls of the articulated polyhedron,
in particular of the articulated parallelepiped, in which said walls are made in the form of frames which can have at least
perimeter beams and which optionally they also have crossbars or plates for connecting said perimeter beams to one
another, forming a sort of lattice wall or the like, is also applicable to the embodiments of the present invention.
[0008] It is also possible to provide that said walls are made without openings in the internal areas from the peripheral
edges, such as for example closed by slabs, plates or panels.
[0009] These constructive variants are to be considered foreseeable also for the embodiments of the present invention
according to the various variants as described below.
[0010] Therefore with reference to the embodiment according to the state of the art, a base, which in the embodiment
illustrated in the figures consists of a vehicle 1, but which is not limited to this embodiment, has an extendable arm 2,
in particular telescopic, which has a rear segment 102 and one or more intermediate segments (in the specific case two
intermediate segments) and a front terminal segment. Said segments slide axially with respect to the rear terminal
segment 102 and with respect to each other in the two directions parallel to their longitudinal axis.
[0011] The front segment, with reference to the extension direction of the arm 2, carries a slagging tool schematically
illustrated and indicated with 3.
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[0012] The arm 2 is connected to the base 1 so that it can oscillate in the vertical plane between a position of maximum
upward inclination and a position of minimum downward inclination by means of an articulated cage, in particular of an
articulated parallelepiped shape which is made according to as previously described, i.e. by four walls oriented perpen-
dicular to the vertical plane passing through the axis of the arm 2, which walls are articulated at the adjacent ends by
means of hinges whose axis of articulation is also perpendicular to said plane vertical passing through the axis of the arm 2.
[0013] The fulcrum axis of a hinge 4 of the rear and lower articulated parallelepiped cage connects two of said walls,
i.e. respectively a rear wall 207 having a greater directional component in the vertical direction and a lower wall 307
having a greater directional component in horizontal direction.
[0014] The cage in the shape of an articulated parallelepiped has a front wall 107 with a mainly vertical orientation.
[0015] In one embodiment, said front wall is in the form of a frame and it is fixed in the front end region of the rear
segment 102 with an arm 2 configured as a telescopically extendable arm as described above.
[0016] In an alternative embodiment instead of a wall or a frame, the element 107 consists of a front support head of
the arm 2 which can slide with respect to said head, or alternatively the front wall 107 of the articulated parallelepiped
carries said head.
[0017] In particular, said wall 107 and the possible support head of the arm 2 is provided in an area which coincides
with an area in the front half of the base 1, while the rear end of the articulated cage which includes the hinge 4 fixed to
the base 1 is fixed to said base 1 in the rear area of the same or in a point of the rear half of the same.
[0018] In the known swing system of the arm 2 it is possible to modify the geometry of the parallelepiped articulated
cage 7, i.e. the relative angular position of the four walls 107, 207, 307, 407 of the same thanks to a linear actuator 6.
A cylinder 5 connects at least an element of the articulated parallelepiped 7 to a stationary point of the base 1 and is
provided both as a dynamic thrust aid and as a shock absorber to stabilize the movement imposed by the actuator 6.
[0019] In the schematic embodiments illustrated by way of example, the cylinder 5 connects the hinge coincident with
the fulcrum 4 of the parallelepiped articulated to the base 1 with an articulation point, i.e. with a hinge diametrically
opposite to the same indicated with 507.
[0020] To the rear wall 207 with mainly vertical orientation of the articulated parallelepiped 7 which ends in the hinge
coinciding with the fulcrum 4, is connected a rear extension 8 which forms an oscillation control lever of the rear wall
207 with a predominantly vertical trend and therefore around the fulcrum 4 in both directions. A linear actuator 6 is
connected to said lever 8 which exerts the force to vary the geometry of the articulated parallelepiped 7. The linear
actuator 6 can be, for example, a hydraulic or oil-pneumatic cylinder or other alternative linear actuators.
[0021] The lengthening and/or shortening of the linear actuator 6 causes oscillation of the rear wall 207 of the articulated
parallelepiped 7 due to the fact that the fulcrum 4 is stationary relative to the base 1. This results in the corresponding
oscillation of the front wall 107 of the articulated parallelepiped 7 to which the arm 2 is fixed, i.e. the oscillation in the
vertical plane of the guide head of the arm 2.
[0022] As clearly appears from figures 1b and 1c, the lengthening and shortening of the linear actuator 6 determine
the oscillatory motion of the two front and rear walls 107, 207 of the parallelogram 7 and therefore the oscillation in the
vertical plane of the arm 2.
[0023] In this known embodiment, the position of the end of the telescopic arm 2 which carries the tool 3 is determined
by the telescopic extension of the arm 2, and by the oscillation in the vertical plane of the front wall 107 of the articulated
parallelepiped 7 rigidly fixed to the arm 2, i.e. to its rear segment 102 in the form of the illustrated example.
[0024] The diagonal cylinder 5 can be in the form of a stem and cylinder, between which an elastic member and/or a
braking member is interposed to exert actions of dynamic support to the deformation of the parallelogram articulated in
only one of the two directions of oscillation of the walls 107, 207 or both and/or to control such movements.
[0025] This movement mechanism of the arm 2, and therefore of the position of the slagging tool at the end of said
arm 2, i.e. carried by the last front segment of the arm 2 in its embodiment as a telescopically extendable arm, involves
various drawbacks.
[0026] As appears evident from figures 1a, 1b, 1c, with the configuration described above, when the linear actuator
6 acts on the lever 8 which causes the oscillation of the rear wall 207 with a mainly vertical orientation, in addition to the
variation of the inclination of the front wall 107 parallel to the rear wall 207 and to which the arm 2 is fixed, there is
simultaneously an upward or downward movement of the hinge 507, respectively when the actuator is in the withdrawn
position of the stem, i.e. the rear and the front wall 207, 107 are vertical and the tool is in the position of maximum vertical
height and when the actuator is in the condition of maximum extension of the stem and therefore the walls 207 and 107
are swung with their upper end forward towards the front end of arm 2 with respect to their lower end and the tool is at
its minimum vertical height for the expected length of arm 2.
[0027] Therefore, the maximum vertical height of the tool is limited, while the position of the tool 3 is determined not
only by the inclination of the walls 107, 207, but also by the arcuate path of the upper hinge 507 of the articulated
parallelepiped which causes a translation of the wall 107 also according to a vertical direction.
[0028] It should be noted in the embodiment illustrated according to the state of the art that the articulated parallelepiped
to which the arm 2 is fixed has as degree of freedom only the possibility of oscillating the walls that compose it with
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respect to each other, so that it is possible to modify the geometry of said parallelepiped only in relation to the relative
orientation of the walls which compose it.
[0029] This obviously limits the angular amplitude of the oscillatory motion. Furthermore, the embodiment of the state
of the art shown has an insurmountable limit for the condition of maximum upward inclination of the arm which is caused
by the limit switch in the withdrawal direction of the stem of the actuator 6.
[0030] For this purpose, as is evident, the stroke of the actuator 6 must be kept relatively short, so that even the
maximum extension position is such as to limit the maximum downward inclination of the arm.
[0031] A first drawback is that the relationship between the oscillation of the arm and therefore the positioning value
of the tool is complex since it is determined by an oscillation of the entire structure. The fulcrum of rotation is constituted
by the rear, lower articulation hinge 4 of the branch 207 which together with the lever 8 forms a relatively short lever
arm. In addition to the power ratios, this also implies the need to have linear actuators which require high powers and
therefore when they are made up of hydraulic or oleodynamic actuators with large engine capacities.
[0032] Furthermore, as is evident, the weight of the arm 2 and of the tool and the reaction forces on the slagging tool
are discharged by the arm almost entirely onto the hinge 4 before being in turn discharged onto the base. Therefore,
said articulated parallelepiped and the hinges must be sized so as to resist the dynamic loads generated by these
reaction forces.
[0033] The high power and in particular the high engine capacity of the linear actuator which is typically a oleodynamic
actuator also have the drawback of causing relatively long rotation times due to a limited flow rate of the oleodynamic
pump whereby considering that the the positioning operation must be performed several times within an operating cycle,
the low movement speed of the arm determines long opening times of the ovens and therefore a high heat/energy
dispersion.
[0034] From the point of view of tool positioning, the system known in the state of the art implies that the maximum
inclination of the arm is limited and that the rotation determines a lowering of the height of the arm itself.
[0035] In particular, it should be noted that when the tool height decreases, the vertical positioning height of the arm
rises as regards the part of the rear segment 102 which protrudes beyond the front vertical wall 107 of the articulated
parallelepiped 7 towards the rear end of the base 1, i.e. of the vehicle, and which can also reach considerable heights
and constitutes an increase in the overall height of the combination of base 1 and arm 2 depending on the height foreseen
for the tool 3 and the length of the arm 2 for the part that protrudes forward cantilevered from the front wall 107 of the
articulated parallelepiped 7.
[0036] The invention aims at to realize a device for moving a homogenization and/or slagging tool for baths of molten
metal in particular aluminum in melting furnaces, which device allows the drawbacks of currently known devices to be
overcome, using expedients relatively simple, inexpensive and which do not require modifications to the structures of
the furnaces and/or metallurgical plants.
[0037] The invention also has the object of realizing a slagging unit for use in metallurgical plants for melting metal,
which unit comprises a device according to the present invention.
[0038] In particular, the invention refers in this case to a unit in which the slagging tool is carried by a device according
to the present invention which is mounted on a movable base such as a wheeled vehicle or the like.
[0039] With reference to a first aspect, the invention achieves the above purposes with a device for moving a homog-
enization and/or slagging tool for molten metal, in particular aluminum in melting furnaces, which device comprises

- a preferably telescopically extendable arm, which arm can be swiveled around a horizontal axis in both directions
with respect to a base element, and which arm carries at a tool holder end a homogenizing and/or slagging tool;

- an oscillating support mechanism of the said arm around the said horizontal axis to which the said arm is constrained
for the execution of an angular movement in the vertical plane of the support head of the slagging tool.

[0040] According to one embodiment, the said mechanism consists of at least one articulated polyhedral cage which
cage constitutes the oscillating support mechanism of said arm and in which

- the said articulated polyhedral cage has walls which are oriented perpendicular to the vertical plane passing through
the longitudinal axis of the arm and are articulated to each other by means of articulation hinges at the adjacent
connection ends, and which hinges have an axis of articulation also oriented perpendicular to said vertical plane
passing through the longitudinal axis of the arm;

one of the said walls of the articulated polyhedral cage constitutes an arm-carrying wall, optionally a sliding
head in the axial direction of the arm, the said arm-carrying wall or the said sliding head presenting a mainly
vertical orientation, i.e. with a greater directional component in the vertical direction of the straight line joining
the articulation ends of the same and presenting said articulated polyhedral cage at least one second support
wall which is rigidly constrained to a base, while the arm is fixed to said arm-carrying wall with its longitudinal
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axis in a transverse position with respect to the longitudinal axis of said arm-carrying wall, i.e. to the connection
direction of the two end hinges of said arm-carrying wall and/or of a sliding head of the arm and while at least
one further third wall of the called articulated polyhedral cage which is real extendable and shortenable in the
connection direction of the two end hinges of said third wall,
said lengthening and said shortening of the said at least one further third wall causing a variation of the geometry
of said articulated polyhedral cage which causes an oscillation in the vertical plane of said arm-bearing wall or
of the sliding head and therefore of the arm supported by the same.

[0041] According to one embodiment, the said at least one further third branch of said articulated polyhedral cage has
an orientation predominantly parallel to the longitudinal axis of the arm, or is oriented with a greater directional component
in a direction parallel to the axis of said arm.
[0042] With reference to an embodiment, the arm-carrying wall and/or the sliding head of the articulated polyhedral
cage which supports the said arm and the second wall of the said articulated polyhedral cage rigidly constrained to the
base are both oriented in a direction in which they have a greater directional component oriented vertically, i.e. they both
have a predominantly vertical direction of the straight line joining the articulation ends, i.e. of the end hinges.
[0043] According to a preferred embodiment, the arm-carrying wall and/or the sliding head of the articulated polyhedral
cage constitutes the front side of the said articulated polyhedral cage, with reference to the orientation of the said arm
from its rear end to its front end, while the second wall rigidly constrained to the base constitutes a rear side of the said
articulated polyhedral cage.
[0044] In relation to the preferred embodiment in which the arm-carrying wall is made in the form of a sliding head or
in which a sliding head is fixed to said arm-carrying wall, the said embodiment provides that the orientation of the arm’s
sliding direction is parallel to the longitudinal axis of the arm and that thersaid directions are transverse to the straight
line joining the two articulation hinges of the said arm-carrying wall and/or said sliding head to the further elements of
the articulated polyhedron.
[0045] According to one embodiment, the fixing point of the arm-carrying wall of said articulated polyhedral cage is
provided at such a distance from the rear end of the arm, whereby said rear end substantially coincides with the rear
wall of the said articulated polyhedral cage.
[0046] According to one embodiment, the said at least further third wall of thesaid articulated polyhedral cage is made
telescopically extendable, at least two parts of said third wall being provided parallel to each other, which parts can be
displaced by means of motorized actuators with respect to each other in the direction of the connection axis of the hinges
at the opposite ends of said third wall.
[0047] According to an embodiment, the said at least further third wall is made up of at least two parts of said third
wall which are connected to each other by at least one hinge provided at an intermediate point of the overall longitudinal
extension in the direction of connection of the two end hinges of the said third wall, so as to allow a relative angular
displacement of said two parts to each other, a motorized actuator being provided for varying the relative angular position
of said two parts of the third wall to each other and being the axis of said further articulation hinge of said two third wall
parts oriented parallel to the axes of the connecting hinges of the walls of the articulated polyhedral cage.
[0048] One embodiment provides that said third wall of the articulated polyhedral cage is constituted by a frame formed
by at least two connecting longitudinal members of the end hinges of said third wall, which longitudinal members extend
along the lateral edges of said third wall and are parallel between them, since the said two longitudinal members can
be shortened and extended to an identical extent and synchronized with each other.
[0049] One embodiment provides that the said at least two longitudinal members which form the said at least one third
wall of the articulated polyhedral cage are each formed by at least two segments which can be displaced relative to each
other in a direction parallel to their longitudinal axes thanks to motorized actuators.
[0050] An alternative embodiment provides that the said at least two longitudinal members which form the said at least
one third wall of the articulated polyhedral cage are each formed by at least two segments, the two segments of each
longitudinal member being articulated to each other in an oscillating manner with respect to each other according to an
axis parallel or substantially parallel to the articulation axis of the articulation hinges of the walls of the articulated
polyhedral cage of at least two branches of the mutually articulated polygon, the actuator being constituted by a linear
thrust and traction actuator which exerts said push and pull action in a direction perpendicular to the longitudinal extension
of said side members with an attachment point coinciding with said articulation hinge of said two segments, while the
axis of articulation of said hinge is parallel or perpendicular to the axis of the connecting hinges of the walls of the
articulated polyhedral cage.
[0051] In one embodiment it is also possible to combine the aforementioned embodiments, providing that at least one
of the two segments which form one of the longitudinal members of the third wall of the articulated polyhedral cage or
both or said segments articulated to each other in an oscillating manner according to a parallel or perpendicular axis to
the axis of the articulation hinges of the walls of the articulated polyhedral cage are further made extendable and shorten,
being themselves made in turn in two segments which can be displaced from one another in the direction of their
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longitudinal axis by means of an actuator.
[0052] In a possible advantageous embodiment, the arm is made telescopically extendable being constituted by at
least two arm segments which can be displaced relative to each other in the direction of their longitudinal axes by means
of motorized actuators.
[0053] In a variant embodiment, the said arm has a fixed and predetermined length and is slidably mounted forwards
and backwards in the direction of its longitudinal axis in a sliding head which constitutes the arm-carrying wall or which
is fixed to said arm-carrying wall being the direction of the longitudinal axis of the arm and of its sliding transversal to
the straight line joining the articulation ends of said arm-carrying wall and/or said sliding head, i.e. to the straight line
joining the articulation hinges of the same to the associated walls of the articulated polyhedron.
[0054] In combination with a telescopically extendable and shortenable arm, it is possible to provide an embodiment
in which the arm-carrying wall and/or the sliding head of the arm is set back by a certain distance from said end of the
base, while the rear end of the articulated parallelepiped the second fastening wall of said polyhedral cage articulated
to said base is in a forward position towards the central region of the base with respect to the rear side thereof.
[0055] A preferred but non-limiting embodiment provides as an articulated polyhedral cage a cubic-shaped polyhedron,
especially an articulated parallelepiped, in which a front arm-carrying wall and a second wall for fixing it to the base are
made up of the shorter walls in the direction of the articulation hinges to the further walls of said articulated parallelepiped
and in which said shorter walls are oriented mainly in a vertical direction, or with a greater directional component in a
vertical direction, while the third extendable and shortenable wall consists of one of the further two longer walls, in the
direction of the connecting hinges to the further walls of the said articulated parallelepiped which longer walls are oriented
mainly parallel to each other in the direction of the longitudinal axis of the arm, or with a greater directional component
in the direction parallel to the longitudinal axis of the said arm.
[0056] In one embodiment, said at least one third extendable and shortenable wall can be constituted by the lower
and/or upper wall or by both said walls of the cage constituted by the articulated parallelepiped.
[0057] According to a possible embodiment which can be provided in any combination or sub-combination with one
or more of the preceding embodiments and and executive examples, the articulated polyhedral cage can also include
more than one arm which can be extended and shortened according to one or a combination of the embodiments
described.
[0058] With regard to motorized actuators, to implement the shortening and lengthening of said at least one further
third wall and/or of one or both of the relative segments and/or with regard to relative angular displacement of said two
segments which make up the said at least one further extendable and shortenable third wall, these actuators can be
made in any way and can be selected by the person skilled in the art on the basis of the contingent technical specifications
on the basis of his basic technical knowledge. A non-exhaustive list may include linear actuators hydraulic, oleodynamic,
pneumatic, mechanical, electromechanical and other types.
[0059] In one embodiment, the base can be constituted by a carriage movable by means of separate thrust and/or
traction actuators or by a vehicle movable on wheels or tracks.
[0060] Thanks to the expedients according to the present invention, the movement of the arm and therefore of the
slagging tool carried at the head to the same, several advantages are obtained, the most important of which are a
reduction of the times of movement of the arm and therefore of positioning of the slagging tool and therefore a reduction
in the time required to open the furnaces for introducing the tool into the molten metal bath. This obviously implies a
reduction in heat dispersion and therefore in the energy required to compensate for this dispersion.
[0061] Thanks to its ease, speed and flexibility, the system is therefore even more attractive than ovens that are
equipped with an integrated slagging system. In fact, the reduction of opening times and therefore energy saving makes
scarification systems on vehicles or mobile bases competitive with integrated systems, allowing the limitations in functional
flexibility of integrated systems to be overcome without excessive energy losses.
[0062] The possibility of conferring different positions of the slagging tool in the molten metal bath inside the furnace
allows the homogenization action of the molten metal bath to be extended by mixing to the entire volume of said molten
metal.
[0063] From the mechanical point of view, a structural advantage appears evident which consists in having the entire
second wall for fastening to the base fixed to the base in a stationary manner and therefore a more robust and resistant
fastening compared to that according to the state of the art which provides for a fastening at a single hinge. In fact, the
solution according to the present invention provides that the two articulation hinges of the second wall of the articulated
cage, that is, the rear wall of said cage having a mainly vertical orientation in the embodiment which envisages a cage
constituted by an articulated parallelepiped, remain fixed and stably constrained to the base. Therefore, the structure is
overall more robust and stable even taking into account the fact that not only the static stresses are discharged on the
base through the arm and the cage, but also the reaction forces generated by the interference of the tool with the mass
of molten metal during mixing.
[0064] The invention has further characteristics which are the subject of the dependent claims.
[0065] Executive examples of the invention are illustrated in the attached figures in which:
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Figure 1a Schematic side view of a slagging system comprising a swinging tool holder arm in a vertical
plane constrained to a base consisting of a vehicle by means of an oscillation device of said
arm consisting of an articulated polyhedral cage with variable geometry

Figure 1b Schematic side view of the oscillation device of the slagging tool holder arm in the condition
of maximum upward inclination.

Figure 1c Schematic side view of the oscillation device of the slagging tool holder arm in the condition
of maximum downward inclination.

Figure 2 Schematic side view similar to that of figure 1a of a slagging system comprising a tool holder
arm oscillating in a vertical plane constrained to a base consisting of a vehicle by means of an
oscillation device of said arm, in which the oscillation device is made according to an embod-
iment of the present invention.

Figure 3 and Figure 4 Schematic side view of the oscillation device of the slagging tool arm respectively in two different
conditions of inclination of the tool holder arm.

Figure 5 and Figure 6 Schematic side view of the oscillation device of the slagging tool holder arm according to a
variant embodiment which provides an oscillation hinge in an intermediate point of the extend-
able and shortenable wall of the cage in the shape of an articulated parallelepiped which forms
the oscillation device of the tool holder arm, respectively in two different conditions of inclination
of the tool holder arm, and in which the axis of said hinge is oriented in a direction parallel to
the axes of the hinges connecting the walls of said articulated parallelepiped.

Figure 7 and Figure 8 Schematic side view of the oscillation device of the slagging tool holder arm according to a
further embodiment variant which provides an oscillation hinge in an intermediate point of the
extendable and shortenable wall of the cage in the shape of an articulated parallelepiped which
forms the oscillation device of the tool holder arm, respectively in two different conditions of
inclination of the tool holder arm and in which the axis of said hinge is oriented in a direction
parallel to the axes of the hinges which connect the walls of said articulated parallelepiped to
each other.

Figure 9 Schematic view in projection on the horizontal plane of only the branches that can be shortened
and extended in the shortened condition of the same.

Figure 10 Perspective view in the front-rear view direction of the arm and the support device of an em-
bodiment of the invention according to the embodiment of Figs. 2 to 4

Figure 11 Perspective view in the opposite viewing direction from that of Fig. 10, of the arm and of the
support device of the embodiment of Fig. 10.

Figure 12 Perspective view from below of the arm and of the support device of an embodiment of the
invention according to figures 10 and 11.

Figure 13 Perspective view of an enlarged detail of the area of the lower hinge 4 between the lower frame
307 and the rear frame 207.

[0066] With reference to the figures, the schematic views show embodiments of the present invention according to a
direction of view perpendicular to the vertical plane passing through the axis of the arm 2. According to this direction of
view, the support mechanism of the arm 2 which has a three-dimensional shape polyhedral, like a cage, it appears in
its two-dimensional projection so that the lateral elevation shape of the corresponding side of the said structure is visible,
which is congruent to that of the opposite side.
[0067] As previously described, the polyhedral cage, which in the illustrated form preferably has four walls which are
oriented perpendicular to the vertical plane passing through the longitudinal axis of the arm 2, (i.e. the plane of the sheet),
and are connected to each other by means of articulation hinges with articulation axis also perpendicular to said vertical
plane, is defined in the previous description and in the following description, as well as in the claims, as an articulated
polyhedral cage.
[0068] When the shape is the preferred one of the executive example, i.e. when the polyhedral cage is cubic or
parallelepiped in shape, it is defined as an articulated cubic cage or an articulated parallelepiped cage or an articulated
parallelepiped or an articulated cube.
[0069] Furthermore, the term walls of the articulated cage which is generically polyhedral or in particular cubic or
parallelepiped, refers generically to closed two-dimensional sides or elements, i.e. with continuous or open surfaces, i.
e. made in the form of square or rectangular frames or walls with a lattice structure, i.e. comprising a perimeter frame
and transverse or longitudinal elements or wall parts which connect said frame elements to each other directly or by
means of further crosspieces and/or longitudinal members and/or wall parts. The structures usable for said walls can
be defined by the person skilled in the art according to the interface with further construction parts, such as the arm 2
and/or the actuators or in relation to the mechanical characteristics of weight and strength determined by the specific
operating conditions without the person skilled in the art having to perform activities that go beyond his basic technical
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skills and knowledge.
[0070] Furthermore, in the figures 2 to 9 which refer to the embodiments according to the present invention, the
reference numbers are the same used in the figures 1a to 1c for identical constructive parts or having identical functions.
[0071] With reference to figures 2 to 4, these show a first embodiment of the present invention, again in a schematic
way, being clear to the person skilled in the art without the need to perform any inventive activity such as configuring
the constructive elements for the realization of said embodiment.
[0072] As appears evident, the articulated polyhedral cage 7 which constitutes the support and oscillation mechanism
of the arm 2 is constituted by an articulated parallelepiped according to the definition of the present invention given
above, i.e. by a combination of walls oriented perpendicularly to the vertical plane passing through the axis of the arm
2, the walls of which are articulated to each other on their ends by means of hinges, the axis of articulation of which is
also perpendicular to said vertical plane passing through the axis of the arm 2. This implies that according to a direction
of view such as that in figures 2 to 4, the articulated parallelepiped takes on the appearance of an articulated parallelogram.
[0073] Said articulated parallelepiped 7 is formed by four walls 107, 207, 307, 407 one of which is front and one rear
with reference to the direction of orientation of the arm and/or advancement of the vehicle 1 which forms the base. The
two walls 107 and 102 are oriented with a greater directional component in the vertical direction and the respective upper
and lower ends are connected to each other by a third and a fourth wall of greater length indicated with 307, 407. These
walls 307 and 407 are oriented in the front-rear direction of the vehicle, i.e. with a greater directional component in the
direction of the axis of arm 2.
[0074] In the schematic figures 1 to 8, a cylinder 5 which is arranged diagonally is provided, i.e. which connects two
diametrically opposite articulation points of the articulated parallelepiped 7 and is provided both as a dynamic thrust aid
and as a shock absorber to stabilize the movement imposed by the actuator 16. In the illustrated embodiment, the
cylinder 5 preferably connects the hinge 4 of the articulated parallelepiped to each other with an articulation point, i.e.
with a hinge diametrically opposite to it indicated by 507.
[0075] As will appear more clearly below, in a preferred embodiment, said cylinder 5 or means having identical functions
is instead interposed between an element of the articulated parallelepiped 7, in particular the frame 507 and a stationary
point of the base 1.
[0076] The fixing point is provided in an intermediate position of the vehicle base, in correspondence with the front
half of the same and offset back towards the transverse median plane in order to keep the center of gravity of the arm
within the plan view of the vehicle 1 itself.
[0077] The rear end of the arm 2 ends at the rear side of the base 1, i.e. of the vehicle, preferably with the rear end
advanced by a certain distance in the front direction of the base 1, i.e. of the vehicle.
[0078] The cage in the shape of an articulated parallelepiped has such a length that its rear wall 207 is provided
advanced to a certain extent with respect to the rear end of the vehicle and/or the rear end section of the arm 2 and is
fixed to a rear backing wall 101 of the vehicle 1 which has a vertical extension substantially identical to that of the rear
wall 207 and a horizontal extension also possibly corresponding to the horizontal extension of the said rear wall 207.
Therefore, the entire rear part 207 is stably constrained with respect to the vehicle 1 without being able to perform relative
movements with respect to said vehicle. This constitutes a connection for transmitting the reaction forces and the static
forces of the arm 2 on the vehicle which is particularly resistant and stable and which transfers and distributes said forces
over a relatively large surface.
[0079] The third lower wall 307 which connects the lower ends of the front arm-carrying wall 107 and of the rear wall
207 for fixing it to the base, can be extended and shortened in the direction of its own longitudinal axis, i.e. in the direction
of connection of the articulation hinges to said front wall 107 and rear wall 207.
[0080] A motorized joining mechanism 16 is provided between two wall parts 317 and 327 and allows said two wall
parts to be translated parallel to themselves and in the plane defined by them with respect to each other, causing a
variation in the geometry of the parallelepiped which causes a backward inclination of the lower end of the front wall
107 when said third wall is shortened and therefore the end hinges are brought closer to each other and vice versa a
forward inclination when said third wall is lengthened and therefore the hinges at its ends are moved away from each
other, whereby the front arm-carrying wall 107 is swung with its forward lower end.
[0081] As appears evident, the oscillation of the front arm-carrying wall 107 therefore causes an oscillation of the arm
2 which is stably constrained to it.
[0082] With reference to the illustrated embodiments, said front arm-carrying wall is fixed to the arm 2, 102 and forms
a sliding head of the arm 2 in the axial direction forwards and backwards. Furthermore, the orientation of the arm 2 is
such that the axis of the arm is substantially perpendicular to the plane defined by said front arm-carrying wall 107,
whereby the arm is swung in the vertical plane by raising and lowering the slagging tool 3 depending on whether said
third wall 307 is respectively shortened or lengthened.
[0083] It is possible to envisage various embodiments of said third wall 307 of the cage in the form of an articulated
parallelepiped 7. A possible variant can envisage that said third wall consists only of two side members parallel to each
other and joined at their ends by the hinge articulation at the corresponding lower ends of the front arm-carrying walls
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107 and rear fastening walls 207. In this variant, both side members can be made telescopically extendable and shorten,
being made of two tubular segments 317 and 327 engaged one in the other by a linear actuator 16 which can be a
hydraulic or oleodynamic cylinder, a mechanical linear actuator, for example electromechanical or the like, being provided
for example a motorized pinion which engages on diametrically opposite sides respectively a rack associated with a
corresponding tubular segment.
[0084] Other alternative embodiments can envisage that the wall 307 is formed by two wall parts each made in the
form of a frame, the two frames being connected in a sliding way to each other by means of sliding guides of one frame
with respect to the other and being the said guides oriented parallel to the foreseen lengthening and shortening direction
of said third wall 307. The relative displacement of the two frames can take place for example by means of hydraulic
actuators or oleodynamic actuators or by means of mechanical or electromechanical actuators as described above.
[0085] Figure 4 shows the condition in which the wall 307 has been shortened. The double arrow F indicates that said
wall 307 can be lengthened and shortened.
[0086] With reference to a preferred embodiment, the arm 2 consists of a telescopic arm like the one described with
reference to the embodiment according to the state of the art, whereby reference is made to said description in relation
to said arm.
[0087] Figure 3 shows an initial or neutral condition in which the wall 307 has an identical length to the opposite wall
407 and the articulated parallelepiped 7 shows a shape in side view of a regular parallelogram.
[0088] Figures 5 and 6 relate to an embodiment in which the third lower wall 307 is made in two parts 317 and 327
which are connected to each other by a hinge 607 whose axis is oriented parallel to the axis of the other hinges, for
example 507 and/or 4 of the articulated parallelepiped.
[0089] In this example, thanks to a motorized actuator 16, for example a linear push and pull actuator, it is possible
to change the relative orientation of the two wall parts 317 and 327, and this can cause the two end hinges of the wall
307 to move away from or approach each other and therefore a variation of the geometry of the articulated parallelepiped
similarly to the previous embodiment.
[0090] It should be noted that in this case, differently from the previous executive example, the maximum distance
between the end hinges of the wall 307 and therefore the maximum length of this wall coincides with the condition in
which the two parts of the wall are perfectly aligned and coplanar, therefore this embodiment does not allow to tilt the
front arm-carrying wall 107 with its lower end upwards and therefore to position the tool 3 at a height higher than that
reachable with the arm in the condition of the geometric conformation of the parallelepiped articulated according to the
figure , in which the arm 2 is substantially horizontal.
[0091] Wishing to provide for a further forward oscillation of the front arm-carrying wall 107, it is possible to combine
the embodiment of figures 2 to 4 with the current embodiment, providing that one of the two wall parts 317 or 327 is
further realized in two parts sliding towards and away from each other and which are made as described with reference
to the executive example of figures 2 to 4. This expedient can possibly also be provided for the other part of the wall 327.
[0092] For the embodiment according to the figures 5 and 6 and according to the variants which provide for a combi-
nation of this embodiment with that of figures 2 to 4, the third wall 307, or the wall parts 317 and 327 and any further
wall parts in which the parts 317 and 327 can be further subdivided can have a construction according to one or more
of the embodiments described with reference to the example of figures 2 to 4.
[0093] In particular, said wall parts can be in the form of pairs of lateral longitudinal members which connect at the
ends with the hinges or by frames and the actuators can also be hydraulic, oledynamic or mechanical or electromechanical
linear actuators or a combination thereof.
[0094] The embodiment according to figures 7 to 9 provides that the lower wall 307 can be shortened and extended
thanks to a particular configuration. In particular, this embodiment is preferably feasible when said third wall 307 is
formed by two side members each of which is divided into two parts 317 and 327 which are connected to each other by
a hinge 337, 347, the articulation axis of which is vertical, i.e. perpendicular to the articulation axis of the hinges between
the walls 107, 207, 307, 407 of the articulated parallelepiped 7.
[0095] The length of the segments 317 and 327 into which each side member is divided is identical for the two side
members and the articulation axes of the hinges between said segments are contained in the same vertical plane parallel
to the articulation axes of the hinges which connect the walls 107 to each other 107 , 207, 307, 407 of the articulated
parallelepiped.
[0096] Figure 9 shows more clearly the two hinges 337 and 347 and the fact that the two segments 317, 327 of each
side member shorten and lengthen thanks to a variation of the relative angular position between them which takes place
in the plane perpendicular to the vertical plane and containing the axes of said segments 317 and 327. The movement
of the segments 317 and 327 of the two side members can take place similarly to what is described for the example of
figures 5 and 6 and must take place substantially in a synchronized way for times and for measurement of the shortening
or lengthening of the two side members.
[0097] The mechanical effect on the deformation of the geometry of the cage in the shape of an articulated parallelepiped
is identical to that obtained for the embodiment of figures 5 and 6.
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[0098] Also in this case, the maximum upward oscillation is that corresponding to the maximum possible length of the
side members and therefore of the wall 307, therefore the position of maximum upward inclination of the arm is the one
in which the arm is horizontal. Wishing to overcome this maximum inclination, also for this executive variant it is possible
to provide a combination with that according to the executive variant of figures 2 to 4, for example by making each of
the segments 317 or 327 of the two side members in two parts and making said two parts movable relative to each other
according to what is provided by the embodiment of figures 2 to 4. Also in this case all four segments 317 and 327 can
be made extendable and shorten according to what is described with reference to figures 2 to 4.
[0099] Similarly to the state of the art, the polyhedral cage 7 can comprise a cylinder 5 according to one of the variants
described above.
[0100] It is clear from the foregoing that the considerable constructive simplicity of the device according to the present
invention and the advantages relating to overcoming the limits relating to the swing stroke, i.e. the upward and downward
inclination of the arm. The release of this movement with respect to a global rotation of the cage structure and the fact
that the transformation speed of the geometry and therefore the oscillation of the arm is higher and requires less power.
[0101] It also clearly appears that the cage structure has a more stable and resistant support to the base thanks to
the fact that said support takes place for the entire surface of the rear wall 207 of the cage against a substantially identical
surface of the base.
[0102] Figures 10 to 13 show an embodiment of the embodiment illustrated schematically in figures 2 to 4.
[0103] In these figures the same reference numbers have been used for identical constructive parts or having identical
functions. Furthermore, in the figures the head of the arm carries a fixing plate 30 of the slagging tool which is not shown
in detail.
[0104] Figures 10 to 13 show an embodiment of the invention, in which the arm 2 is slidably engaged in a guide duct
formed in the front frame 107 of the articulated parallelepiped 7. This consists of two plates connected to each other by
crosspieces 117. At least a guide roller or at least a pair of guide rollers spaced apart in the front-rear direction of the
arm 2 and indicated with 127 are provided in the upper and lower part of the frame 107. The arm 2 has a square or
rectangular cross section with the horizontal sides sliding against the corresponding lower and upper guide rollers 127
so as to hold the arm 2 in an axially aligned position without allowing its oscillations relative to the frame 107 in the
vertical plane parallel to the longitudinal axis of the arm 2 itself.
[0105] The two plates 137 which form the side walls of the front frame 107 are connected to each other not only by
the crosspieces 117 but also by the hinges 507 and at the front end by a front wall 147 which has a passage window
for the arm 2.
[0106] The elongation of the arm 2 is caused by a lateral rack 302 or by two lateral racks, one on respectively one of
the two opposite lateral faces of the arm 2, which racks cooperate with a corresponding pinion (not shown in detail)
which is actuated at rotation by a gearmotor 402 mounted on a corresponding side plate of the frame 107.
[0107] The upper frame 407 consists of a substantially rectangular frame having two parallel longitudinal members in
the front-rear direction of the arm 2, the ends of which are respectively connected by a crosspiece. The front crosspiece
of the upper branch 407 forms a part of the articulation hinge 507 to the front frame 107, while the rear crosspiece is
pivotally articulated around an axis parallel to the axis of articulation of the upper front hinge 507 and the lower rear one
4 to the rear frame 207. This is made in the form of a plate 217 which has, on the side facing the ends of the frames
307 and 407 oriented mainly in the direction of the axis of the arm 2, along the substantially vertical side edges walls
227 protruding from said plate, cantilevered towards the frames 307 and 407 form respective articulation hinge parts to
said frames 307 and 407. The vertical end plate 217 is oriented perpendicular to the vertical plane which passes through
the axis of the arm 2 and has slots and holes for fastening to the frame of a base such as, but not limited to, the vehicle
1 of figures 2 to 4.
[0108] The lower frame 307 is formed by two longitudinal members on the two sides of said frame oriented parallel to
the axis of the arm 2 and which are each formed by two segments 317 and 327 made to slide one into the other. The
most front segments 317 of said side members are articulated to the corresponding lateral plate which forms the front
frame 107 and in an oscillating manner around a common articulation axis parallel to the articulation axis of the hinge
507 and 4.
[0109] The segments 327 of the two longitudinal members are slidingly engaged in the cavity of the segments 327
which are tubular. The two segments 327 are connected by a crosspiece at their opposite end to that engaged in the
segments 317. The end crosspiece connecting the segments 327 forms the terminal hinge 4 for articulation of the frame
307 to the rear frame 207 and has such a length, that the distance between the side members is greater than the
corresponding horizontal dimension of the cross section of arm 2.
[0110] An oleodynamic linear actuator 16 is provided between the end of each rear segment 327 and the corresponding
segment 317, in particular a perimetric flange at the end of the segment 317 facing the associated rear segment 327.
The actuation of said linear actuators 16 in a synchronized manner determines the relative forward and backward sliding
of the segments 317 with respect to the segments 327 and the lengthening and shortening of the side members with
the consequent variation of the inclination of the front frame 107 and therefore of the arm 2 engaged in sliding in the same.
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Claims

1. Device for moving a homogenization and/or slagging tool of molten metal, in particular aluminum, in melting furnaces,
which device comprises

- an arm (2) preferably telescopically extendable, which arm can be swiveled around a horizontal axis in both
directions with respect to a base element (1), and which arm carries at a tool holder end a homogenizing and/or
slagging tool (3);
- an oscillating support mechanism of the said arm (2) around the said horizontal axis to which the said arm is
constrained for the execution of an angular movement in the vertical plane of the support head of the slagging
tool (3).

2. Device according to claim 1, wherein said mechanism consists of at least one articulated polyhedral cage (7), which
cage constitutes the oscillating support mechanism of said arm (2) and in which

- the said articulated polyhedral cage has walls (107, 207, 307, 407) which are oriented perpendicular to the
vertical plane passing through the longitudinal axis of the arm (2) and are articulated to each other by means
of hinges (507, 4) of articulation at the adjacent connection ends, and which hinges have an articulation axis
also oriented perpendicular to said vertical plane passing through the longitudinal axis of the arm (2);
- one of the said walls (107) of the articulated polyhedral cage (7) constitutes an arm-carrying wall or a sliding
head of the arm, to which said arm (2) is fixed, optionally in a sliding manner in the axial direction of the same
and forward and backward with respect to said arm-carrying wall (107),
- said arm-carrying wall or said sliding head (107) having a predominantly vertical orientation, i.e. with a greater
directional component in the vertical direction of the straight line joining the two articulation hinges at the ends
thereof and
- said articulated polyhedral cage (7) being provided with at least one second supporting wall (207) which is
rigidly constrained to said base (1), while the arm (2) is fixed to said arm-carrying wall (107) or to said sliding
head with its longitudinal axis in a transverse position with respect to the longitudinal axis of said arm-carrying
wall (107), i.e. to the direction of connection of the two end hinges of said wall (107) or of said sliding head and
while at least a further third wall (307) of the said articulated polyhedral cage (7) is provided which is made
extendable and shortenable in the direction of connection of the two end hinges of the said third wall (307),
- said lengthening and said shortening of said at least one further third wall (7) causing a variation of the geometry
of said articulated polyhedral cage (7) which in turn causes an oscillation in the vertical plane of said arm-
carrying wall (107) or of the said sliding head and therefore of the arm (2) supported by the same one.

3. Device according to claim 2, wherein said at least one further third wall (307) of said articulated polyhedral cage (7)
has an orientation mainly parallel to the longitudinal axis of the arm (2), or is oriented with a directional component
greater in a direction parallel to the axis of said arm (2).

4. Device according to one or more of the preceding claims, in which the arm-carrying wall (107) of the articulated
polyhedral cage (7) which is rigidly fixed to the said arm (2) and the said second wall (207) of the said polyhedral
cage articulated (7) rigidly constrained to the base (1) they are both oriented in a direction in which they have a
greater directional component oriented vertically, or they both have a predominantly vertical direction.

5. Device according to one or more of the preceding claims in which, the arm-carrying wall (107) of the articulated
polyhedral cage (7) consists of a wall or walls on the front side of said articulated polyhedral cage (7), with reference
to the orientation of said arm (2) from its rear end to its front end, while said second wall rigidly fixed to the base (1)
constitutes a rear wall (207) of said articulated polyhedral cage (7).

6. Device according to one or more of the preceding claims, in which the said at least further third wall (307) of the
said articulated polyhedral cage (7) is made telescopically extendable, at least two parts (317, 327) of the said third
wall being provided which two parts are parallel to each other and which two parts are movable by means of motorized
actuators (16) with respect to each other in the direction of the connection axis of the hinges at the opposite ends
of said third wall (307).

7. Device according to one or more of the preceding claims, wherein said at least further third wall (307) is made up
of at least two parts (317, 327) which two parts are connected together by at least one hinge (337) provided at an
intermediate point of the overall longitudinal extension in the direction of connection of the two end hinges of said
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third wall (307), so as to allow a relative angular displacement of said two parts (317, 327) one with respect to the
other, a motorized actuator (16) being provided for variation of the relative angular position of the said two parts
(317, 327) of the third wall (307) one with respect to the other and being the axis of the said further articulation hinge
(337) of the said two parts (317, 327) of the third wall (307) oriented parallel to the axes of the connection hinges
of the walls (107, 207, 307, 407) of the articulated polyhedral cage (7).

8. Device according to one or more of the preceding claims, wherein said third wall (307) of the articulated polyhedral
cage (7) is constituted by a frame formed by at least two longitudinal members for connecting the end hinges of
said third wall (307), which longitudinal members extend along the lateral edges of the said third wall (307) and are
parallel to each other, the said two longitudinal members being shortenable and extendable in an identical and
synchronized measure.

9. Device according to claim 8, wherein said at least two longitudinal members forming said at least one third wall
(307) of the articulated polyhedral cage (7) are each formed by one at least or two segments (317, 327) which are
relatively movable one with respect to the other in a direction parallel to their longitudinal axes thanks to motorized
actuators or alternatively
the said at least two side members which form the said at least one third wall (307) of the articulated polyhedral
cage (7) are each formed by one or at least two segments, the two segments (317, 327) of each side member being
articulated to each other in an oscillating way relative to each other according to an axis which is parallel or sub-
stantially parallel to the axis of articulation of the articulation hinges of the walls of the articulated polyhedral cage
(7), of at least two branches of the articulated polygon, the actuator (16) being constituted by a linear push and pull
actuator which exerts said push and pull action in a direction perpendicular to the longitudinal extension of said
longitudinal members with an attachment point coinciding with said articulation hinge (337) of said two segments
(317, 327), while the axis of articulation of said hinge (337) is parallel or perpendicular to the axis of the connection
hinges of the walls (107, 207, 307, 407) of the articulated polyhedral cage (7).

10. Device according to one or more of the preceding claims, wherein at least one of said two segments (317, 327)
which form each of the longitudinal members of the third wall (307) of the articulated polyhedral cage (7) or both of
said segments (317, 327) which are articulated to each other in an oscillating way according to an axis parallel or
perpendicular to the axis of the articulation hinges of the walls (107, 207, 307, 407) of the articulated polyhedral
cage (7) are further made extendable and shortenable being themselves made in turn into two segments which can
be moved one relatively to the other in the direction of their longitudinal axis by means of an actuator according to
the features of claim 6.

11. Device according to one or more of the preceding claims, in which the articulated polyhedral cage (7) is constituted
by a cubic-shaped polyhedron, especially an articulated parallelepiped, in which a front wall carries the arm (107)
or a front head of the arm and a second wall (207) for fixing to the base (1) consist of the shorter walls in the direction
of the hinges of articulation to the further walls of the said articulated parallelepiped and in which the said shorter
walls are oriented mainly in the vertical direction, i.e. with a greater directional component in the vertical direction
of the straight line joining the articulation hinges respectively to the third and fourth wall of the articulated parallel-
epiped, while the third wall (307) that can be extended and shortened is constituted by one of the further two longer
walls, in the direction of the connection hinges to the further walls of said articulated parallelepiped, which longer
walls (307, 407) are oriented mainly parallel to each other in the direction of the longitudinal axis of the arm, or with
a greater directional component in a direction parallel to the longitudinal axis of said arm.

12. Device according to one or more of the preceding claims, in which the base can be constituted by a mobile carriage
by means of separate thrust and/or traction actuators or by a vehicle which can be move on wheels or tracks.
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