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(57) Abrégé/Abstract:

A method for optimum smoothing and/or polishing stone slabs implemented with a machine comprising a slab support bench and
a machining station is provided. The machining station comprises two bridge support structures astride the support bench and a
beam provided on the support structures. At least one spindle-carrying structure, provided on the beam, has two motorized
spindles, ends of which have machining heads. The beam and the spindle-carrying structures move synchronized together. For
each stroke of the beam in the transverse direction, each spindle-carrying structure performs a rotation of 180 about its rotation
am.s. When the beam is at the centre line of the bench, the axis connecting the rotation axes of the spindles is perpendicular to the
longitudinal direction of the machine. When the beam is located at the maximum distance from the centre line of the bench, the
axis is parallel to the longitudinal axis of the machine.
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Abstract
A method for optimum smoothing and/or polishing stone slabs implemented with a machine
comprising a slab support bench and a machining station is provided. The machining station
comprises two bridge support structures astride the support bench and a beam provided on the
support structures. At least one spindle-carrying structure, provided on the beam, has two
motorized spindles, ends of which have machining heads. The beam and the spindle-carrying
structures move synchronized together. For each stroke of the beam in the transverse direction,
each spindle-carrying structure performs a rotation of 180° about its rotation axis. When the
beam is at the centre line of the bench, the axis connecting the rotation axes of the spindles 1s
perpendicular to the longitudinal direction of the machine. When the beam 1s located at the
maximum distance from the centre line of the bench, the axis 1s parallel to the longitudinal axis

of the machine.
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"Method for smoothing and/or polishing slabs of stone or stone-like material”.
Hskok ok

The present invention relates to a method for smoothing and/or polishing slabs of
stone or stone-like material.

The machines for carrying out this type of machining operation generally comprise a
bench along which a conveyor belt for moving the slabs to be polished or smoothed travels,
two bridge support structures arranged astride the conveyor belt, one in the vicinity of the
entry point and the other in the vicinity of the exit for the slabs into/from the wotk zone.

A beam on which a plurality of vertical-axis smoothing and/or polishing spindles are
mounted is provided between the two support structures.

Supports rotating about the vertical axis of the spindle and provided with abrasive
tools are mounted at the bottom ends of the spindles.

The beam may be tixed or may move with a transverse alternating movement above
the bench, depending on whether it manages to cover the entire working area or not.

In Italian patent application No. TV2009A000224 it is described a machine for
smoothing and polishing slabs of stone material of this type. The particular feature of this
machine is that it comprises a rotating spindle-carrying structure which is arranged on the
beam and on which a plurality of spindles are arranged in eccentric positions with respect to
the axis of rotation of the said structure.

In this type of machine, the tool-holder support is imparted 2 movement composed at
least of:

- a rotation about the axis of rotation of the spindle;

- a revolving movement about the axis of rotation of the spindle-carrying structure;

- a translation movement in the transverse direction due to the alternating movement
of the beam; and

- a translation movement in the longitudinal direction due to the advancing movement
of the conveyor belt.

A machining head is also connected to each spindle, depending on the type of
material and the type of machining which is to be performed.

Therefore the tool 1s provided with a further movement imparted by the machining
head. For example, this movement may be a rotation of the tool about a vertical axis, in the
case of a flat grinder head, or a rotation of the tool about a horizontal axis in the case of a
roller head.

The actual path followed by the tool 1s therefore very complex and allows surfaces to
be obtained which are smoothed or polished 1n a very uniform manner.

The combination of the movements creates an interlacing pattern of particularly
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complex and non-orderly paths producing various machining marks and a varying degrees of
polishing (noticeable when viewing the slab against the light), these being not particularly
visible to the naked eye, but in any case constituting an imperfection.

An object of the present invention is to solve the drawbacks of the prior art.

A first task is to provide a method for polishing or smoothing slabs of stone or
stone-like material, as a result of which the machined slabs have even fewer imperfections
compared to the slabs obtained with the methods of the prior art.

A second task of the present invention is to provide a particular machine
configuration which allows opttmum machining to be obtained.

Based on this machine, a particular polishing method has been developed, using a
particular  spindle-carrying  structure and controlling the various movements i a
predetermined manner which allows an optimum result to be achieved.

In one embodiment, the present invention provides a method for smoothing and/or
polishing slabs of stone or stone-like material with a machine comprising:

a suppott bench for a slab to be machined resting on a conveyor belt;

at least one machining station comprising two bridge support structures, transversally
arranged astride the support bench, a spindle-carrying beam, suitable for being moved over
the bridge support structures along a transverse direction, being provided on said bridge
suppott structures;

at least one spindle-carrying structure, suitable for being rotated about its own
vertical axis, being provided on the spindle-carrying beam;

each spindle-carrying structure being provided with two motorized spindles, the ends
of which are provided with smoothing or polishing heads arranged spaced apart and
opposite each other with respect to the vertical axis of the spindle-carrying structure and
comprising machining tools;

a programmable computerized unit for controlling the position, the movement and
the speed of the at least the spindle carrying beam and each spindle-carrying structure;

wherein, mn the method:

the beam and the spindle-carrying structures move coordmnated and synchronized
with each other;

for each stroke of the beam in the transverse direction, each spindle-carrying
structure performs a rotation of 180° about its rotation axis;

when the beam 1s located at the centre line of the bench, the axis connecting the
rotation axes of the spindles is perpendicular to the longitudinal direction of the machine;

and
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when the beam is located at the maximum distance from the centre line of the bench,
the axis is parallel to the longitudinal axis of the machine;

the smoothing or polishing head is raised so as to disengage it from the material to
be machined or is lowered so that the abrasive tools are pressed against the slab with an
adequate pressure for being able to smooth or polish the material.

The machining tools can be moved as per the combination of:

a rotational movement of the tool about the vertical rotation axis of the spindle on
which the machining head is mounted;

a revolving movement about the vertical rotation axis of the spindle-carrying
structure;

an alternating translation movement along the transverse direction of the spindle-
carrying beam;

a longitudinal translation movement due to the advancing movement of the material
placed on the bench; and

the movement imparted to the tool by the machining head.

The method can comprise a step wherein detection means detect the dimensions of
the slab placed on the bench and, by means of a control unit, the limits of the movement of
the beam 1in the transverse direction are automatically set.

In the position where the transverse movement of the beam is reversed, the tools of
the machining head can partially protrude from the edge of the slab. Tools with oscillating
shoes (or segments) can be mounted on the machining head. Tools in the form of flat
grinder can be mounted on the machining head.

Tools in the form of 4 roller can be mounted on the machining head. The machining
head can be composed of an abrasive-carrying plate on which tools with a flat bearing
surface are applied. The rotational speed of the spindle-carrying structures can be between 5
and 60 revolutions per minute.

The rotational speed of the spindles can be between 200 and 600 revolutions per
minute. The relative translation speed of the bench and machining station i the
longitudinal direction can be between 0.2 and 5 metres/minute. The beam can perform a
number of movement cycles in the transverse direction ranging between 5 and 40 cycles per
minute.

The characteristic features and advantages of the present invention will emerge more
clearly with reference to a number of examples of application, provided by way of non-

limiting illustration, with reference the attached drawings in which:

2a
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Fig. 1 shows a side view of a machine suitable for implementing the method
according to the present invention;

Fig. 2 shows a front view in schematic form of a spindle-carrying structure suitable
for implementing the method according to the present invention;

Fig. 3 shows a top plan view of the spindle-carrying structure according to Fig. 1;

Fig. 4 and Fig 5 show in schematic form a top plan view of a sequence of the
possible positions assumed by a spindle-carrying structure during machining according to the
method of the present invention;

Fig. 6 shows a detail of the paths followed by the machining heads of a spindle-
carrying structure during execution of the method according to the present nvention; and

Fig. 7 shows the paths followed by the machining heads of a spindle-cartrying
structure during execution of the method according to the present invention.

In Figure 1 the reference number 12 indicates a machine for polishing or smoothing
slabs of stone or stone-like material.

The machine 12 comprises a machining station 14 which 1s arranged above a support
surface or bench 16 for a slab 18 to be machined.

The machining station 14 comprises two bridge support structures 20, 22 transversely

arranged astride the support surface 16, the first on the entry side for the material to be

2b
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machined and the second on the exit side for the machined material. Entry and exit are
understood as being 1 relation to the direction of relative movement of slab and station, as
will be clarified below.

A spindle-carrying beam 24 is mounted on the two bridge structures 20, 22 and is
therefore arranged in the longitudinal direction, parallel to the direction of relative movement
of slab and station.

The spindle-carrying beam 24 is slidably supported on the bridge structures 20, 22 and
can therefore be moved in a transverse direction which 15 perpendicular to the
aforementioned longitudinal direction.

The beam 24 is moved along the two bridge structures with an alternating rectilinear
movement by means of a suitable drive system, which 1s not shown in the figures, but may be
casily imagined by the person skilled in the art.

In the longitudinal direction, parallel to the beam 24, the surface of the slab to be
machined 15 imparted, owing to the motorized movement means, a relative translation
movement with respect to the station 14 situated above.

In the preferred embodiment shown in the figures, it is the slab which is moved
underneath the station, designed to be fixed. For this purpose, the movement means
comprise a conveyor belt 26 mounted on the bench 16 and slidable for movement of the
slabs to be polished or smoothed.

The belt 26 at the two ends of the bench 16 is wound around an idle roller 28 and a
drive roller 30.

It is thus possible to perform continuous sequential feeding of slabs, as may be easily
imagined by the person skilled in the art, so that there are no limits as regards the maximum
length of the slabs.

Alternatively, the station 14 could also be designed so as to be displaced along the
plane in the longitudinal direction, using movement means designed with a suitable motorized
carriage.

At least one machining unit or spindle-carrying structure 34 is mounted on the
movable beam 24 rotatably about an associated vertical axis 32. In the embodiment shown in
Fig. 1, the beam 24 is provided with three spindle-carrying structures 34.

Tlach spindle-carrying structurc 34 is provided with a motor 36 (scc I'ig. 3) which
causes the spindle-carrying structure 34 to rotate about the vertical axis 32.

Fach spindle-carrying structure 34 is provided with two motorized spindles 38A, 381,
with vertical axes 40A, 40B, intended to support smoothing or polishing heads.

The spindles are preferably arranged spaced apart by the same amount and opposite
each other with respect to the rotation axis 32 of the spindle-carrying structure 34 and

theretore positioned eccentrically with respect to the axis 32.
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On the bottom end of each spindle 38A, 38B it is mounted a tool-holder support
consisting of 4 machining head 42A, 42B provided with abrasive tools 44 A, 44B with work
surtaces directed towards the surface of the slab to be smoothed.

The tool holders and the tools may have different configurations. In particular, in the
embodiment shown in Figures 1-2, the tool-holder support consists of a smoothing head
427, 42B, of the known oscillating shoe (or segment) type, rotating about the axis 40A, 40B
of rotation of the spindle.

The smoothing head 42A, 42B with oscillating shoes 1s advantageously used for the
smoothing and polishing of hard materials, such as granite or quartz, and comprises shoes
46A, 46B which are mounted radially and oscillating each about its own radial horizontal axis.

The shoes may be for example six in number and equidistant along a circumference
centred on the spindle axis.

According to the present invention, the spindles 38A, 38B are preferably counter-
rotating, namely they rotate with a direction of rotation opposite to each other.

Advantageously, the abrasive tools mounted on the smoothing heads of the same
spindle-carrying structure 34 may have grain sizes which are the same or very similar, and the
grain size of the tools may vary with 4 varation in the spindle-carrying structure on which
they are mounted. In fact, in a preferred embodiment, the abrasive tools mounted on the
spindle-carrying structure 34 which is the first to engage the material to be smoothed or
polished have a relatively large grain size, while the spindle-carrying structures which follow in
successton in the direction of feeding of the material use abrasive tools with an increasingly
tiner grain size.

In this way, the degree of finish of smoothing or polishing gradually increases as the
slab of material passes underneath the various spindle-carrying structures 34.

Each spindle 384, 38B is of the "plunger" type, i.e. movable vertically with respect to
the spindle-carrying structure 34. The movement is imparted by actuators 48A, 48B which
are advantageously pneumatic cylinders. It is thus possible to raise the smoothing head 42A,
42B so as to disengage it from the material to be machined or lower it so that the abrasive
tools 44A, 44B are pressed against the slab with an adequate pressure for being able to
smooth or polish the material.

The machine also compriscs a computerized unit (not shown) for controlling the
position, movement and speed of the moving members of the machine, said unit being
programmable to as to manage the various movements of the machine components.

The movements which therefore can be controlled by the control unit comprise:

- a rotational movement of the tool about the vertical rotation axis 40A, 40B of the
spindle 38A, 38B on which the smoothing head 42A, 42B is mounted,;

- a revolving movement about the vertical rotation axis 32 of the spindle-carrying
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structure 34,

- an alternating translation movement in the transverse direction of the spindle-
carrying beam 14;

- a longitudinal translation movement due to the advancing movement of the material
placed on the belt; and

- the movement imparted by the machining head 42A, 42B to the tool 44.A, 44B.

Speeds, for example, of between 5 and 60 rpm about the axes 32 for the machining
units and 200-600 rpm for the spindles, and translation speeds of between 0.2 and 5
metres/minute for longitudinal displacement of the slab underneath the station, with a
number of cycles (outward and return strokes) for the transverse movement, for example, of
between 5 and 40 cycles per minute, have been found to be advantageous.

As mentioned above, the machining heads may also be equipped with tools ditterent
trom those shown in the attached figures. In fact it is possible to provide in the case of soft
materials such as marble an abrasive-carrying plate on which tools with a tlat support surface
are mounted. In the case of hard materials such as granite or quartz, a tlat grinder head (also
known as satellite head or orbital head), namely a head provided with flat grinder supports or
holders rotating about a substantially vertical axis for flat abrasive tools, may be provided.

Another type of tool may comprise a roller smoothing head, namely a head provided
with radial rotating supports with a substantially horizontal axis on which roller shaped tools
are mounted.

In any case such a movement of a single abrasive tool allows the entire working area
of the slab to be covered in a uniform and regular manner.

The method according to the present invention is characterized in that during
operation:

- the beam and the spindle-carrying structures move coordinated and synchronized
with each other;

- for each stroke of the beam 24 in the transverse direction, the spindle-carrying
structure performs a rotation of 180° about its axis of rotation 32;

- when the beam 24 is located at the centre line of the bench 16, the axis 60 passing
through the rotation axes of the spindles 38A, 38B is perpendicular to the longitudinal
dircction of the machinc; and

- when the beam is located at the maximum distance from the centre line of the bench
16, the axis 60 is parallel to the longitudinal axis of the machine.

With reference to the movements described above, these are pertormed in relation to
the bench 16, it being obviously understood that their magnitude depends on the dimensions
of the slabs which are being machined.

At the point where the travel movement of the beam 24 is reversed, the speed of the
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same 1s zero. However, the spindle-carrying structure 34 continues its rotation, so that one of
the smoothing heads 42A, 42B continues to advance and protrudes partially from the edge of
the slab being machined.

The extent of this protrusion must however be limited, in order to prevent seizing of
the tool along the edge of said slab. Normally the protrusion is such that the tool rests on the
slab over about 2/3rds of its dimension (normally about 10-20 cm).

Figures 4 and 5 show, in simplified form and for the object described, the
displacement performed by a spindle-carrying structure 34 according to the present invention
with respect to the bench 16. The relative displacement in the longitudinal direction of
spindle-carrying support and bench has been deliberately accentuated so that the movement
may be readily understood.

As can be seen from Figure 4, in the conventional starting position (lowest position),
the spindle-carrying support 34 is arranged so that the axis 60 connecting the rotation axes of
the spindles 1s perpendicular to the longitudinal direction, indicated mn Figure 4 by the
reference number 62. Owing to the movement of the beam (not shown in the figure), the
spindle-carrying support reaches the right-hand end position in which it is rotated by 90° with
respect to the preceding position so that the axis 60 s parallel to the longitudinal direction 62
of the bench 16.

Figures 4 and 5 also illustrate the aforementioned protruding movement of the
smoothing heads with respect to the edge of the slab being machined.

The movement of the beam continues so that the spindle-carrying support 34 moves
towards the centre line of the bench 16, rotating by another 90° so that the axis 60 is again
perpendicular to the longitudinal direction 62.

Ligures 6 and 7 show the paths of the centres of rotation of the machining heads 42A,
42B.

As can be seen in Figure 6, the paths assume a substantially elliptical configuration, in
which one of the ends is open, owing to the relative advancing movement of conveyor belt
and machining head in the longitudinal direction and owing to the alternating movement of
the beam in the transverse direction.

Fig. 6 shows instead the paths of the two heads for a single cycle, namely a forwards
and backwards stroke of the spindle-carrying becam 24, while igure 7 shows the same relative
longitudinal translation movement of machining heads and bench, which has not been
amplified, but represents the real situation, in the case of a plurality of cycles, namely with a
continuous movement.

As can be seen from the figure, all of the bench (and therefore the slab) is covered
substantially in a very uniform manner, resulting therefore in particularly efficient machining.

The machine according to the present invention may comprise means for detecting
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the dimensions of the slab resting on the bench 16. By means of detection of the
dimensions, the control unit may directly set both the limit values for the transverse
movement of the beam and optionally the speed of relative advancing movement of slab and
machining heads.

Advantageously the control unit is designed to set automatic limit values so as to
condition reciprocally the movement of the beam, the rotation of the spindle-carrying
support and the rotation of the machining heads.

Also provided are means for continuously detecting the position of the beam and the
machining heads, said data being transterred to said control unit.

The advantages of the present invention compared to the prior art are therefore now
clear.

In particular, to the naked eye the slab is seen as not having a varied polishing eftect
or machining marks, even when viewed against the light, and this therefore gives its a very
spectal quality.

Obviously the description above of an embodiment applying the innovative principles
of the present invention is provided by way of example of these innovative principles and
must therefore not be regarded as limiting the scope of the rights claimed herein.

It is clear that functionally and conceptually equivalent variants and modifications fall
within the scope of protection of the invention.

For example, the use of pneumatic actuators for the vertical movement of the
spindles advantageously allows the machining pressure to be more easily adjusted and
maintained. However, oil-hydraulic cylinders may be provided instead of pneumatic cylinders

tor movement of the spindles.



The embodiments of the mvention in which an exclusive property or privilege is

claimed are defined as follows:

1. A method for smoothing and/or polishing slabs of stone or stone-like material
with a machine comprising:

a support bench for a slab to be machined resting on a conveyor belt;

at least one machining station comprising two bridge suppott structures, transversally
arranged astride the support bench, a spindle-carrying beam, suitable for being moved over
the bridge support structures along a transverse direction, being provided on said bridge
suppott structures;

at least one spindle-carrying structure, suitable for being rotated about its own
vertical axis, being provided on the spindle-carrying beam;

each spindle-carrying structure being provided with two motorized spindles, the ends
of which are provided with smoothing or polishing heads arranged spaced apart and
opposite each other with respect to the vertical axis of the spindle-carrying structure and
comprising machining tools; and

a programmable computerized unit for controlling the position, the movement and
the speed of the at least the spindle carrying beam and each spindle-carrying structure;

wherein, n the method:

the beam and the spindle-carrying structures move coordinated and synchronized
with each other;

for each stroke of the beam in the transverse direction, each spindle-carrying
structure performs a rotation of 180° about its rotation axis;

when the beam 1s located at the centre line of the bench, the axis connecting the
rotation axes of the spindles is perpendicular to the longitudinal direction of the machine;
and

when the beam is located at the maximum distance from the centre line of the bench,
the axis is parallel to the longitudinal axis of the machine;

the smoothing or polishing head is raised so as to disengage it from the material to
be machined or is lowered so that the abrasive tools are pressed against the slab with an

adequate pressure for being able to smooth or polish the material.

2. A method according to claim 1, wherein the machining tools are moved as per the

combination of:

Date Regue/Date Received 2021-09-02



a rotational movement of the tool about the vertical rotation axis of the spindle on
which the smoothing or polishing head 1s mounted,;

a revolving movement about the vertical rotation axis of the spindle-carrying
structure;

an alternating translation movement along the transverse direction of the spindle-
carrying beam;

a longitudinal translation movement due to the advancing movement of the material
placed on the bench; and

the movement imparted to the tool by the smoothing or polishing head.

3. A method according to claim 1 or 2, wherein the method comprises a step wherein
detection means detect the dimensions of the slab placed on the bench and, by means of a
control unit, the limits of the movement of the beam in the transverse direction are

automatically set.

4. A method according to any one of claims 1 to 3, wherein, in the position where
the transverse movement of the beam is reversed, the tools of the smoothing or polishing

head partially protrude from the edge of the slab.

5. A method according to any one of claims 1 to 4, wherein tools with oscillating

shoes, or segments, are mounted on the smoothing or polishing head.

6. A method according to any one of claims 1 to 5, wherein tools in the form of flat

grinder are mounted on the smoothing or polishing head.

7. A method according to any one of claims 1 to 6, wherein tools in the form of a

roller are mounted on the smoothing or polishing head.
8. A method according to any one of claims 1 to 7, wherein the smoothing or
polishing head is composed of an abrasive-carrying plate on which tools with a flat bearing

surface are applied.

9. A method according to any one of claims 1 to 8, wherein the rotational speed of

the spindle-carrying structures is comprised between 5 and 60 revolutions per minute.

Date Regue/Date Received 2021-09-02



10. A method according to any one of claims 1 to 9, wherein the rotational speed of

the spindles is comprised between 200 and 600 revolutions per minute.

11. A method according to any one of claims 1 to 10, wherein the relative translation
speed of the bench and machining station in the longitudinal direction is comprised between
0.2 and 5 metres/minute.

12. A method according to any one of claims 1 to 11, wherein the beam performs a

number of movement cycles in the transverse direction ranging between 5 and 40 cycles per

minute.
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