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(57) Abstract: A machine (10) for grinding and/or polishing slabs of stone material, such as natural or agglomerated stone, ceramics
or glass, comprises: a support bench (12) for the slabs to be machined. At least one working station (14) is provided above the sup -
port bench (12), said station comprising at least one pair of bridge support structures (16, 18) situated opposite each and arranged
transversely on either side of the support bench (12). First means (19) are provided for performing a relative movement in the longit-
udinal direction of machining station (14) and slab on the support bench (12). The machine further comprises at least one beam (20,
the two ends (22, 24) of which are supported by the support structures (16, 18), and at least one rotating spindle (26) with a sliding
vertical axis mounted on the at least one beam (20). The beam (20) is movable transversely on the support structures (16, 18). The
bottom end of the spindle (26) is provided with at least one tool-carrying support (28) rotating about the axis of rotation of the
spindle (26). The machine is characterized in that it comprises second means (32) for performing a relative movement in the longit -
udinal direction of the at least one spindle (26) with respect to the support bench (12).
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"Machine for smoothing and/or polishing slabs of stone material, such as natural or
agglomerated stone, ceramic and glass”

DESCRIPTION

The present invention relates to a machine for grinding and/or polishing slabs of
stone material, such as natural or agglomerated stone, ceramics and glass.

This type of machine usually comprises a bench on which a conveyor belt for moving
the slabs to be polished or ground travels in a longitudinal direction. Machines of this type
turther comprise two bridge support structures arranged on either side of the belt, one at the
entry end for the matenal to be machined and the other one at the exit end for the machined
material. The two bridge structures support a spindle-carrying beam at their ends.

The spindle-carrying beam has, mounted thereon, a series of vertical-axis grinding
and/or polishing spindles or heads which are arranged in a row and which have, mounted on
their bottom end, supports which rotate about the vertical axis of the spindle and on which in
turn the abrasive tools are mounted.

The spindle-carrying beam performs an alternating movement in a transverse
direction so as to grind the slabs arranged on the conveyor belt over their entire width. The
amount of the displacement varies depending on the width of the material being machined.

The tools used are made using hard granular materials such as normally silicon carbide
or diamond. In industrial applications abrasive granules usually are not used loose, but
agglomerated so as to torm an abrasive tool by means of a binding agent (which may be a
cement, a resin, a ceramic material or a metal), which has the function of retaining the
granules for as long as they perform their abrasive action, before disintegrating and allowing
them to tall once worn.

The abrasive tools, as mentioned above, are normally fixed to a support which is
rotated by a vertical-axis spindle.

In the case of soft stone materials, such as matble, the tool support, which has a
prismatic form with flat surfaces, is generally an abrasive-holder plate.

In the case of hard stone materials, such as granite or quartz, the support 1s generally a
head which imparts a specitic movement to the tools which are varyingly shaped and in any
case arranged radially. The head may be of the type with oscillating supports (so-called
oscillating-segment head) or rotating supports with a substantially horizontal axis for roller-
shaped tools (so-called roller head) or rotating supports with a substantially vertical axis for
flat tools (called disc head or also planetary or orbital head).

The tools furthermore have a grain size gradually decreasing (from a few hundred

micrometres down to a few micrometres) as the slab passes below them. In particular, the
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tirst spindle which operates on the slab to be ground has tools with a relatively large grain
size, the second spindle has tools with a grain size which is slightly less big and so on, while

tools with a very fine abrasive grain are mounted on the last spindle.

The spindle is slidable vertically and imparts to the tools resting on the surface of the
material a pressure which may be of a mechanical, hydraulic or pneumatic nature; a pneumatic
pressure is by far favoured and in this case the spindle - or "plunger" - is slidable vertically,
being operated by a pneumatic pressure.

In this type of machine the spindles and, therefore, the grinding and/or polishing
tools pause briefly when there is reversal in the movement since the spindle-carrying beam
moves with a rectilinear alternating motion transversely with respect to the direction of
feeding of the material.

This brief pause results in a very slight localized depression n the material which 1s
sufticient, however, to create visible shadow zones, in particular on the ground or polished
surface of particularly delicate dark materials.

In an attempt to the solve this problem, different machines have been devised,
including that described in international patent application WO2011064706, which envisages
a spindle-carrying beam and spindle-carrying structures rotating about a vertical axis on which
the spindles are mounted in an eccentric position. In this type ot machine in which the head
is defined as being orbital, the relative movement of tool and slab is a combination of
movements consisting of:

- the alternating movement of the beam in the transverse direction;

- the movement of the material underneath the beam;

- the rotation of the grinding/polishing head/plate mounted on the spindle;

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

There exists moreover another type of machine in which a plurality of bridge
structures, arranged transversely with respect to the bench, are provided. One or two grinding
and/or polishing spindles displaceable along the bridge structure are mounted on each bridge.
In the case where there are two spindles per bridge structure, each spindle is movable
independently in the transverse direction, namely each spindle 1s provided with its own dnve,
so that it may be moved independently along the bridge structure. Morcover, the bridge
structures perform an orbital movement, being suspended on four link-rods, so that the
amplitude of the orbital movement is a few centimetres, equal to the length of the link-rods.

In this type of machine, each tool is moved with a motion composed of:

- a rotational motion about the vertical axis of the spindle;

- an alternating transverse displacement due to the movement of the spindle along the

bridge;
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- an orbital modon due to the movement of the bridge on the suspension rods;

- a continuous longitudinal displacement due to the feeding of the material on the bench.

The machines described above, while being widely used, are not without drawbacks.

In fact, although the trajectoties of the machine tools desctibed above are sufficient to
limit or avoid the aforementioned problems, said tools have an extremely complex design. In
fact, in the first case, a structure for eccentrically supporting the spindles is provided, said
technical solution complicating significantly the spindle movement mechanisms. In the
second case, in an attempt to achieve uniformity in the surface machining of the slabs, each
spindle is provided with a drive and has an independent movement, and therefore the system
becomes very costly and complex.

An object of the invention is to overcome the drawbacks of the prior art, by providing
a machine which is less complex than the machines of the prior art and which, at the same, is
less costly.

Furthermore, a further task of the present invention is to provide a machine by means
of which it is possible to obtain slabs which are ground and polished uniformly over their
entire surface, avoiding machining marks or grooves and shadow zones, also in the case of
datk and delicate materials, which are thetefore not visible to the naked eye.

In one embodiment, the present invention provides a machine for grinding and/or
polishing slabs of stone material comprising:

a support bench for the slabs to be machined;

at least one machining station comptising at least one pair of bridge support structures
situated opposite each other and arranged transversely on either side of the support bench;

first means for performing a relative movement in the longitudinal direction of
machining station and slab on the support bench; and

at least one beam, the two ends of which are supported by said support structures;

at least one rotating spindle with a sliding vertical axis mounted on said at least one
beam, said beam being movable transversely on said support structures, the bottom end of
the spindle being provided with at least one tool-holder support rotating about the axis of
rotation of said spindle and carrying at least one abrasive tool for forming the grinding
and/or polishing heads;

wherein the machine further comprises:

second means for relative movement of said at least one spindle with respect to the

support bench in the longitudinal direction; and
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a programmable control unit for adjusting the alternating movement in the transverse
direction of the beam and the alternating longitudinal movement due to the second means for
relative moment of the at least one spindle.

In another embodiment, the present invention provides a machine defined herein,
wherein the stone material is natural or agglomerated stone, ceramic or glass.

In particular, the idea which has occurred is to provide a grinding and/or polishing
machine for slabs of stone material, such as natural and agglomerated stone, ceramics or glass,
comprising a support bench for the slabs to be machined and a machining station arranged
above the support bench. The machining station comprises at least one pair of bridge support
structures situated opposite each other and arranged transversely on either side of the support
bench. The machine further comprises first means for relative movement in the longitudinal
direction of machining station and slab on the suppozrt bench and at least one beam, the two
ends of which are supported by the suppott structures. At least one rotating spindle with a
sliding vertical axis 1s mounted on the at least one beam which is movable transversely on the
suppott structures. A tool-holder support rotating about the axis of rotation of the spindle
and carrying at least one abrasive tool is mounted on the bottom end of the spindle. The
machine is characterized in that it comprises second means for relative movement of the at
least one spindle with respect to the support bench in the longitudinal direction; and a
programmable control unit for adjusting the alternating movement in the transverse direction
of the beam and the alternating longitudinal movement due to the second means for relative
movement of the at least one spindle.

According to an aspect of the present invention there 1s provided a machine for
grinding and/or polishing slabs of stone material comprising:

a support bench for the slabs to be machined;

at least one machining station comprising at least one pair of bridge support structures
situated opposite each other and arranged transversely on either side of the support bench;

first means for performing a relative movement in the longitudinal direction between
the at least one machining station and a slab on the support bench; and

at least one beam, the two ends of which are supported by said suppott structures;

a plurality of spindles with a sliding vertical axis and mounted on said at least one
beam, said at least one beam being movable transversely on said support structures, the
bottom end of the plurality of spindles being provided with at least one tool-holder support
rotating about the axis of rotation of said plurality of spindles and carrying at least one

abrastve tool for forming the grinding and/or polishing heads;

3a
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wherein the machine further comprises:

second means for relative movement of said plurality of spindles with respect to the
support bench in the longitudinal direction; and

a programmable control unit for adjusting an alternating movement in the transverse
direction of the beam and an alternating longitudinal movement due to the second means for
relative moment of the plurality of spindles.

According to another aspect of the present mnvention there is provided a method for
grinding and/or polishing slabs using a machine as described herein, in which the alternating
movement of the beam in the transverse direction and the alternating longitudinal movement
of the at least one spindle are interpolated so as to define predetermined controlled-speed
closed trajectories for the grinding and/or polishing heads.

As a result, the spindles, to which the tool-holder heads or plates are fixed, in addition

3b
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to being moved transversely in an alternating manner by the transverse displacement of the
spindle-carrying beam, also perform an alternating longitudinal movement being mounted
slidably on the spindle-carrying beam or the beam itselt being movable in an alternating
manner in the longitudinal direction, or the machining station being movable in an alternating
manner in the longitudinal direction above the bench.

Advantageously, the spindles move longitudinally along the beam in unison.

Advantageously, the transverse movement of the machining station, the transverse
movement of the spindle-carrying beam and the longitudinal movement of the spindles are
controlled by a control unit, so as to impart to each single spindle a programmed movement
with a closed, for example curvilinear, and controlled-speed trajectory resulting from the
composition of the two rectilinear movements.

In this way the grinding and/or polishing tool-holder heads or plates perform the
tollowing movements:

- a rotational motion about the vertical axis of the spindle;

- an alternating transverse rectilinear motion due to the transverse displacement of the
spindle-carrying beam;

- an alternating longitudinal rectilinear motion due to the displacement of the spindles
relative to the support bench; and

- a longitudinal displacement due to the feeding of the material on the support bench.

The interpolated composition of the linear movements, which is controlled by the
computer in accordance with a programmable logic, allows the generation of closed
curvilinear trajectories with a controlled and programmable speed, avoiding stopping of the
heads on the material and thus preventing the formations of grooves and corresponding
shadow zones.

The characteristic features and advantages of a machine according to the present
invention will become clearer from the description below of possible embodiments, provided
solely by way of a non-limiting explanation, with reference to the accompanying drawings, in
which:

Fig. 1 shows a schematic front view of a grinding and/or polishing machine according
to the present invention;

Fig. 2 shows a top plan view of a grinding and/or polishing machine according to the
present invention;

Fig. 3 shows a schematic view of the first and last spindle of Iigs. 1 and 2, with the
displacement system for movement along the beam, viewed in cross-section;

Fig. 4 shows a schematic view, from above, of a second embodiment of a machine
according to an alternative embodiment of the present invention;

Fig. 5 shows a side view of a spindle according to Fig. 4, with the cross-section of the
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beam and the displacement system for movement along the beam;

Figs. 6 and 7 show side views of an alternative embodiment of a machine according to
the present invention in two limit positions;

Fig. 8 shows a detail of the machine according to Figure 7;

Fig. 9 shows a front view of the machine shown in Figures 6 and 7;

Fig. 10 shows a detail of the machine according to Figure 9;

Fig. 11 shows a side view of an alternative embodiment of a machine according to the
present invention; and

Fig. 12 shows a detail of the machine according to Figure 11;

Figs. 13 to 16 show possible closed interpolated trajectories which the grinding heads
may be made to follow.

Figure 1 shows a grinding and/or polishing machine for slabs of stone material, such
as natural and agglomerated stone, ceramics or glass according to the present invention,
denoted generically by the reference number 10.

The machine 10 comprises a support bench 12 for the slabs to be machined and, on
top of it, at least one machining station 14.

The machining station 14 comprises at least one pair of bridge support structures 16,
18 situated opposite each other and arranged transversely on either side of the support bench
12, and at least one beam 20, the two ends 22, 24 of which are supported by the support
structures 16, 18. The beam 20 is movable in the transverse direction on the support
structures 16, 18 over the entire transverse width of the working surtace of the bench, namely
the entire maximum width of a slab to be machined on the bench. A suitable drive 21 causes
displacement of the beam in the transverse direction. This drve 21 may be advantageously
formed by two motor units 21 arranged at the two ends of the beam and synchronized with
each other.

The machine 10 further comprises first means 19 for relative movement in the
longitudinal direction of machining station 14 and slab on the support bench 12. In
accordance with a preterred embodiment of the present invention, the first relative
movement means 19 may consist of a conveyor belt 23 which causes feeding of the slab with
a constant movement, mainly at a fixed speed. In accordance with alternative embodiments,
the slabs may remain stationary with respect to the support bench 12, and the machining
station 14 is movable in the longitudinal direction from one end to the other of the support
bench 14.

Owing to said relative movement means 19 a slab being machined may move with a
relative motion underneath the machining station over its entire length, entering at one end of
the station and exiting from the opposite end and being subject to the action of all the

machining heads over its entire surface.
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At least one rotating spindle 26 with a sliding vertical axis is mounted on the beam 20.
At least one tool-holder support 28 rotating about the axis of rotation of the spindle 26 and
carrying at least one abrasive tool 30 is mounted on the bottom end of the spindle 26. Fach
spindle advantageously has its own rotational motor 31.

Grinding and/or polishing heads are thus formed. The sliding vertical axis allows, for
example, raising of the heads at the end of machining and/or adjustment of the contact
pressure of the heads on the slab being machined.

Preferably, the grinding and/or polishing spindles ot heads consist of a plurality and
are arranged in sequence on the beam in the longitudinal direction. Advantageously, the
sequential heads have a grain size of the abrasive tool which gradually decreases in the
direction of relative movement of the slab with respect to the station, so that the slab
performing a slow relative movement 1s subject gradually to the action of tools with an
increasingly tiner grain size.

In the embodiment shown in Figures 1 and 2, for example sixteen heads or spindles
26, provided with a tool-holder support 28 for oscillating tools, are mounted on the beam. In
accordance with alternative embodiments of the present invention, the tool holder (or
machining head) support 28 may be provided with other tools, as described in the
introductory part of the present description.

The machine 10 according to the present invention comprises second relative
movement means 32 which are designed to move the at least one spindle 26 in the
longitudinal direction with respect to the support bench 12.

In accordance with a first embodiment of the present invention, shown in Figures 1-
5, the machine 10 may comprise second relative movement means 32 which are designed to
move the at least one spindle 26 along the beam in the longitudinal direction with respect to
the support bench 12.

The second relative movement means may allow cach spindle 26 to move along the
beam 20.

Advantageously, as will be clarified below, the amplitude of this movement, which
may be adjustable, is limited and, in particular in the case of a plurality ot spindles arranged
close together and with a combined movement, may have a maximum value preferably
ranging between one and two times, and in particular about 1.5 times, the diameter of the
working circumference of the tool rotating on the spindle.

Figure 1 shows, by way of example, the position of the spindles at one end of their
longitudinal travel path (spindles all on the right as viewed in Figure 1) and, in broken lines
(for clarity only the left-hand spindle in Figure 1), the opposite end of the longitudinal travel
path (spindles all on the left as viewed in igure 1).

Figs. 1-3 show a first embodiment of a machine according to the present invention.
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As can be clearly seen in Fig. 3, where the beam 20 i1s shown cross-sectioned, it can be
noted that the beam 20 advantageously carries a slide 34 which in turn supports the spindles
and slides over the beam. For example, the beam 20 may advantageously comprise two
parallel longitudinal structures 202, 204 which are rigidly connected together, spaced from
each other and in between which the spindles pass.

In accordance with this embodiment, the spindles 26 are mounted, in succession with
each other, on the longitudinal spindle-carrying slide 34 which travels along the beam 20.
Advantageously, the slide 34 is provided with a series of cavities or receiving scats inside
which the spindles 26 are inserted and mounted. A slide drive allows the slide to perform its
longitudinal sliding movement with the spindles. The second means for longitudinal
movement of the spindles are thus formed.

In particular, the two longitudinal structures 202, 204 of the beam 20 may be suitably
arranged and spaced relative to ecach other, with a fixing system at the ends, so as to form
between them a cavity 36 inside which the spindles 26 mounted on the slide 34 may move.

In accordance with a first embodiment of the present invention, the spindle-carrying
slide or structure 34 is advantageously provided with two guides: a tlat guide 38 and a V-
shaped guide 40. The guides 38, 40 are arranged in a horizontal direction (direction parallel to
the bench 12) and are directed towards the longitudinal structures 202, 204, respectively. The
guides 38, 40 rest and travel on wheels 42, 44, with a flat profile and V-shaped profile,
respectively, which are mounted arranged in sequence with each other on the longitudinal
structure 202 and 204 of the beam 20, respectively. This ensures easier travel of the slide
despite the length of the beam and compensates for any small misalignments and expansion.
The embodiment illustrated in Figure 1 shows twelve pairs of wheels 44 by way of example.

In accordance with a possible embodiment of the present invention, racks 46, 48, 50,
52 are mounted at the end of the beam (for example of each of the two longitudinal
structures 202, 204 of the beam 20). The spindle-carrying slide 34 (see Fig. 3) may be
provided, at the two ends 342, 344, with two synchronous drives 346, 348 which cause
rotation ot two pinions 350, 352 and 354, 356, respectively. The pinions 350, 352 and 354,
356 mesh inside the respective racks 46, 48, 50 and 52 located at the ends of the two
longitudinal structures 202, 204 of the beam 20.

Operation of the two synchronous drives 346, 348 causes rotation of the pinions 350,
352 and 354, 356 which mesh with the racks 46, 48, 50 and 52 and cause the controlled
sliding of the slide 34 such that all the spindles are moved in unison in an alternating manner
along the beam.

The maximum adjustable amplitude of the longitudinal movement of the spindles 26
on the beam 20 may be tairly broad and may even be more than 1,000 mm.

In accordance with a possible embodiment of the present invention (not shown in the
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accompanying figures) only one drive 346 may be provided for the movement of the slide 34

and only one or two racks at the corresponding end of the slide.

Other types of drive may also be provided (not shown in the attached figures, but
obvious per se for the person skilled in the art), using for example screws or pistons or link-
rod/crank mechanisms, etc.

According to alternative embodiments of the present invention, instead of providing
two rows of fixed wheels for example on each of the two longitudinal structures of the beam
and guides formed on a slide which supports the spindles, it may be envisaged providing each
spindle with wheels or sliding shoes which travel along guides situated on the beam , thus
eliminating the longitudinal spindle-carrying structure/slide, each spindle being coupled
together with the adjacent spindles, thus simplifying further the means for longitudinal
movement of the spindles.

Figures 4 and 5 show a possible second embodiment of the invention in which the
beam 20 comprises only one longitudinal structure 202 and the spindles 26 are not inserted
inside the beam 20, but are mounted projecting from it.

In accordance with this embodiment of the invention, the second means 32 for
performing the relative movement in the longitudinal direction of the at least one spindle 26
with respect to the support bench 12 comprise advantageously a screw/female thread
mechanism 60. The screw/female thread mechanism 60 may comprise one or more motor-
driven screws 64 which extend entirely or partly over the length of the beam 20, and the
spindle 26 may be provided with a lead nut 66.

Advantageously the lead nut 66 may be of recirculating ball type.

In the embodiment shown in Ligs. 4 and 5, the spindles 26 are for example tixed
together in pairs and therefore it is sufficient for only one spindle 26 of each pair to be
provided with a lead nut 66, thus simplifying the constructional design.

In accordance with a possible embodiment of the present invention, the spindles 26
may also be divided into groups, with each group moved by an associated motor-driven
screw. For example, as can be clearly seen in Figure 4, the spindles may be divided into two
groups 68, 70 each comprising eight spindles 26 fixed together, and with two motor-driven
screws 62, 64, one per group of spindles. The motor-driven screws 62, 64 are moved by
means of motor means 72, 74 situated at the ends of the beam 20. Advantageously, the
motor means 72, 74 of the two motor-driven screws 62, 64 are synchronized with each other
so that the two groups 68, 70 of spindles 26 move in unison.

With reference now to Fig. 5, it can be noted that each spindle 26 is advantageously
slidable along the beam 20 by means of two guides 80, 82 extending along the beam: 4 first
guide 80 arranged vertically so as to provide a lateral support tor the spindle, and a second

guide 82 arranged horizontally so as to provide a vertical support for the spindle.
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In accordance with alternative embodiments of the present invention it is possible to
use also a single motor-driven screw with motor means arranged at one end only, or with a
single motor means for each end.

In accordance with alternative embodiment, in this case also different systems, such as
racks, pistons or link-rod/crank systems, could be used.

According to a possible alternative embodiment, it is possible to provide a single tixed
screw and a motor-driven lead nut for each spindle. Fach spindle would therefore be
provided with a drive for movement of the lead nut.

In accordance with a possible embodiment of the present invention, the machine 10
may comprise a control unit, advantageously of the programmable microprocessor type.
Advantageously the control unit adjusts the movement in the transverse direction of the
beam and the movement in the longitudinal direction of the spindles by operating the
respective movement means. In accordance with alternative embodiments, the control unit
also adjusts the movement of the first relative movement means. The control unit (known per
se, for example a suitable programmable industrial controller) may control in a synchronized
manner the various movements so as to obtain complex trajectories of the machining tools
on the slabs being machined. For a precise synchronized control, the movement means may
comprise a teedback control system, with suttable position sensors, such as incremental or
associated encoders, as may be easily imagined by the person skilled in the art.

In accordance with a possible embodiment of the present invention, the movement of
the single spindles along the beam may be rendered independent by providing a drive tor
each spindle, in order to move each spindle along the beam independently. It is thus possible
to detine varied paths tor each spindle and theretore tor each abrasive grain.

There exist, however, a number of advantages in keeping the movement of the
spindles synchronized, in that:

- it simplifies the constructional design of the machine;

- it simplifies the management of the machine; and

- the amplitude of the longitudinal movement ot the spindles is fully exploited and it
is therefore possible to install the largest possible number of spindles on the beam.

In particular, owing to the simplicity of the structure in the longitudinal direction of
the machine, it is possible to use casily a relatively large number of machining heads with a
smaller length of the machine. For example, it is possible to obtain a machine with a length
only slightly greater than the sum of the diameters of all the machining heads plus the desired
longitudinal travel for these heads, as may be easily imagined from Figure 2. Moreover, also
with a large number of heads, the cost of the machine may remain relatively low, a more
complicated or redundant system for moving the heads not being necessary.

In particular in Figure 8, the ends of the beam rest with a shoulder 94 on a roller cage



10

15

20

CA 02932572 2016-06-02
WO 2015/087294 PCT/IB2014/066854
96 so as to be able to be displaced transversely. A pinion 100 with an associated drive 21,
which is designed to engage with a respective rack 98 arranged on each support structure 16,
18, is also provided on each shoulder of the beam 20. The rotation of the pinions 100
produced by the associated drives 21 allows the pinions to move on the respective racks 98,

causing the movement of the beam in the transverse direction.

In accordance with a possible alternative embodiment of the present invention, the
pinions 100 and the associated drives 21 may be provided on the support structure and the
racks 98 on the beam 20.

In one possible embodiment of the present invention, shown for example in Figure 6,
the machine 10 further comprises first means 19 for the relative movement in the longitudinal
direction of machining station 14 and slab on the support bench 12. In accordance with a
possible embodiment of the present invention, the first relative movement means 19 may
consist of a conveyor belt.

Owing to said relative movement means 19 a slab being machined may move with a
relative motion, preferably at a constant speed, underneath the machining station 14 over its
entire length, entering at one end of the station and exiting from the opposite end and being
subject to the action of all the machining heads over its entire surface.

At least one rotating spindle 26 with a sliding vertical axis 1s mounted on the beam 20.
At least one tool-holder support 28 rotating about the axis of rotation of the spindle 26 and
carrying at least one abrasive tool 30 is mounted on the bottom end of the spindle 26. Fach
spindle advantageously has its own rotational motor 31.

Grinding and/or polishing heads ate thus formed. The sliding vertical axis allows, for
example, rasing of the heads at the end of machining and/or adjustment of the contact
pressure of the heads on the slab being machined.

Preferably, the grinding and/or polishing heads consist of a plurality and are arranged
in sequence on the beam in the longitudinal direction. Advantageously, the sequential heads
have a grain size of the abrasive tool which gradually decreases in the direction of relative
movement of the slab with respect to the station, so that the slab performing a slow relative
movement is subject gradually to the action of tools with an increasingly finer grain size.

In accordance with possible embodiments of the present invention, in Figures 6-10
the second relative movement means 32 perform the movement of the machining station,
while in Figures 11 and 12 the second movement means 32 perform the relative rectilinear
movement of the beam 20 with respect to the support bench 12 in the longitudinal direction.

In the embodiment shown in Figures 6 and 7, for example sixteen spindles 26,
provided with a tool-holder support 28 for oscillating tools, are mounted on the beam. In
accordance with alternative embodiments of the present invention, the tool holder (or

machining head) support 28 may be provided with other tools, as described in the
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introductory part of the present description.

As mentioned above, the machine 10 according to the present invention comprises
second relative movement means 32 designed to move with an alternating rectilinear motion
the machining station in the longitudinal station with respect to the support bench 12.

As will be claritied below, the amplitude of this travel movement, which may be
adjustable, is limited and may have a maximum value preferably ranging between one and two
times, and in particular about 1.5 times, the diameter of the working circumference of the
tool rotating on the spindle.

In accordance with a possible embodiment of the present invention, the maximum
amplitude of the longitudinal movement of the beam 20 may be fairly broad and may also be
more than 1,000 mm.

Figs. 6-10 show an embodiment of a machine according to the present invention.
Figure 6 shows by way of example the position of the beam 20 at one end of the longitudinal
travel path (tully displaced to the right) and in Figure 7 the position of the beam 20 at another
end of the longitudinal travel path (fully displaced to the left).

In this embodiment, the alternating movement in the longitudinal direction of the
beam 1s obtained using second relative movement means 32 designed to move the machining
station 14. 'The machining station 14, which comprises the pair of bridge support structures
16, 18 and the beam 20, is designed to move in an alternating manner along rectilinear guides
arranged directly on the support bench 12 or on the sides thereof.

With reference to Figure 9, and in particular to Figure 10, it can be noted that each
bridge support structure 16, 18 may be provided with at least one sliding shoe 84 designed to
slide on a rectilinear guide 86. "The rectilinear guide 86 may be arranged on the support bench
12, as shown in the figure, or may be positioned alongside the support bench 12.

The second relative movement means 32 may comprise at least one rack 88 for each
support structure 16, 18, fixed to the support bench 12. Advantageously, the racks may be
two in number for each support structure 16, 18, arranged on the sides of the beam 20. The
support structure may be provided with movement pinions 90 designed to mesh with the
racks 88 in order to move the machining station 14. Each movement pinion 90 may be
provided with its own drive 92, as can be clearly seen from the front view of Figure 10.
Advantageously, the drives 92 are synchronized with cach other so as to move the machining
station simultaneously and in the same direction.

In accordance with an alternative embodiment of the present invention, not shown in
the attached figures, the racks 88 may be provided on the support structures and the pinions
90 and the associated drives 92 may be provided on the support bench 12.

In the description ot the second movement systems reference has been made to the

fact that at least part of them is situated on the support bench; however, it is evident that they

11



10

15

20

CA 02932572 2016-06-02
WO 2015/087294 PCT/IB2014/066854
may alternatively be arranged on the sides of the support bench as will be obvious to the
person skilled in the art in the light of the description provided above of these means. They
may be provided for example on special supports arranged laterally with respect to the
support bench.

Figures 11 and 12 show an alternative embodiment of the present invention, in which
the second relative movement means 32 are designed to move the beam 20 in the longitudinal
direction in an alternating manner with respect to the support structures.

Therefore, ditferently from the preceding example, the beam 20 is designed to move
in the transverse and longitudinal direction, above the fixed support structures 16, 18.
Advantageously, the beam 1s displaced transversely on the support structures 16, 18 and
moreover moves longitudinally with an alternating rectilinear motion above the said
structures 16, 18.

According to a possible embodiment of the present invention, the second relative
movement means 32 comprise at least one rack 881 for each support structure 16, 18 fixed to
the top thereof. Advantageously, the racks may be two in number for each support structure
16, 18, arranged on the sides of the beam 20. The beam may be provided with movement
pinions 901, for example on suitable lateral structures, designed to mesh with the racks 881 in
order to move the beam. Each movement pinion 901 may be provided with its own drive
(not shown). Advantageously, the drives of the pinions are synchronized with each other so
as to move the beam 20 simultaneously and in the same direction.

In the above description reference was made to drives of the rack and pinion type for
moving the beam in the longitudinal and transverse direction. In accordance with alternative
embodiments of the present invention, other types of drive may also be provided (not shown
in the attached figures, but now obvious per se for the person skilled in the art), using for
example recirculating-ball screws, hydraulic or pneumatic pistons, or link-rod/crank
mechanisms, etc.

In accordance with a possible embodiment of the invention, the second means 32 for
relative movement of the beam in the longitudinal direction comprise screw/female thread
mechanisms. The screw/female thread mechanisms may comprise one or more motot-driven
screws which extend along the sides of the beam 20 on the support structures, and lead nuts
provided on said beam.

In accordance with an alternative embodiment, the motor-driven screws may be
provided on beam, while the lead nuts may be provided on the support structures.

Advantageously the lead nuts may be of recirculating ball type.

In accordance with this embodiment, the machine 10 may comprise a control unit,
advantageously ot the programmable microprocessor type. Advantageously the control unit

adjusts the movement of the beam in the transverse and longitudinal direction by operating
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the respective movement means. In accordance with alternative embodiments, the control
unit also adjusts the movement of the first relative movement means. The control unit
(known per se, for example a suitable programmable industrial controller) may control in a
synchronized manner the various movements so as to obtain complex trajectories of the
machining tools on the slabs being machined. For a precise synchronized control, the
movement means may comprise a feedback control system, with suitable position sensors,
such as mcremental or associated encoders, as may be easily imagined by the person skilled in
the art.

Owing to interpolation of the transverse and longitudinal movements of the beam
with controlled speeds it is possible to grind and/or polish in a uniform manner the slabs
since the spindles are prevented from stopping for too long on any zones of the slabs to be
ground, thus avoiding the aforementioned problems.

In this case also, owing to the simplicity of the structure in the longitudinal direction
of the machine, it is possible to use easily a relatively large number of machining heads with a
smaller length of the machine. For example, it 1s possible to obtain a machine with a length
only slightly greater than the sum of the diameters of all the machining heads plus the desired
longitudinal travel for these heads, as may be easily imagined from Figure 7. Moreover, also
with a large number of heads, the cost ot the machine may remain relatively low, a more
complicated or redundant system for moving the heads not being necessary.

For example, it has been found to be advantageous, according to a possible mode of
operation of the present invention, if, during operation of the machine, the material feeding
speed 1s constant, while the speed of transverse displacement of the beam 20 and the speed of
longitudinal displacement of the spindles 26 (obtained by means of the movement of the
spindles along the beam, or by means of the movement of the beam itself, or by means of
movement of the machining station) may be adjusted by the control unit in an interpolated
manner so as to be able to define specific trajectories tor the grinding heads 28 provided by
the combination of the two displacement movements: the transverse displacement of the
beam and the longitudinal displacement ot the spindles.

The speed of travel along the trajectories may be constant or more preferably variable
and programmed, so as to modulate as required the contact time of the tools 30 along the
trajectory and therefore in the different zones of the slab and/or for different moments of
contact of the tools with the slab.

With a machine according to the invention it is thus possible to define easily closed
trajectories for the grinding/polishing heads substantially without stoppage points, reversal
points and/or angled points. In this way blemishes on the surface of the machined product
are substantially avoided.

Figs. 13, 14, 15 and 16 illustrate possible trajectories of the spindle obtained by means

13
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of the synchronization by the control unit of the longitudinal and transverse movements of
the spindle, repetition of which allows the entire surface of a slab to be machined. Preferably,
Figures 13-16 show the transverse movement of the beam with the spindles along the vertical

axis.

Fig. 13 shows a simple ellipsoidal trajectory, while the other figures show intersecting
trajectories; mixed trajectories characterized by successive repetition of the different
trajectories of Fig. 13 are also possible.

Owing to the combined movement of the spindle and in particular the interpolation
of the transverse movements of the beam and the longitudinal movement of the spindles
with controlled speeds it is possible to grind and/or polish in a uniform manner the slabs
since the spindles are prevented from stopping for too long on any zones of the slabs to be
ground, thus avoiding the aforementioned problems.

The person skilled in the art, in order to satisty specific requirements, may make
modifications to the embodiments described above and/or replace the parts described with

equivalent parts, without thereby departing from the scope of the accompanying claims.
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The embodiments of the mvention in which an exclusive property or privilege is

claimed are defined as follows:

1. A machine for grinding and/or polishing slabs of stone material comprising:

a suppott bench for the slabs to be machined;

at least one machining station comprising at least one pair of bridge support
structures situated opposite each other and arranged transversely on either side of the
suppott bench;

first means for performing a relative movement in the longitudinal direction
between the at least one machining station and a slab on the support bench; and

at least one beam, the two ends of which are supported by said support structures;

a plurality of spindles with a sliding vertical axis and mounted on said at least one
beam, said at least one beam being movable transversely on said support structures, the
bottom end of the plurality of spindles being provided with at least one tool-holder support
rotating about the axis of rotation of said plurality of spindles and carrying at least one
abrastve tool for forming the grinding and/or polishing heads;

wherein the machine further comprises:

second means for relative movement of said plurality of spindles with respect to the
suppott bench in the longitudinal direction; and

a programmable control unit for adjusting an alternating movement in the transverse
direction of the beam and an alternating longitudinal movement due to the second means for

relattive moment of the plurality of spindles.

2. A machine according to claim 1, wherein said first relative movement means

comprise a conveyor belt.
3. A machine according to claim 1 or 2, wherein said second relative movement
means perform the movement, in the longitudinal direction along the beam, of said plurality

of spindles with respect to the support bench.

4. A machine according to claim 3, wherein the spindles consist of a plurality along

the beam and move in unison in the said longitudinal direction along the beam.
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5. A machine according to claim 4, wherein the plurality of spindles 1s mounted on a
slide which travels in the said longitudinal direction along the beam upon operation of the

said second relative movement means.

6. A machine according to any one of claims 1 to 5, wherein an adjustable amplitude
of the travel movement due to the second relative movement means along the beam is
limited and has a maximum value of between one and two times of a diameter of a working

circumference of the rotating tool on the spindle.

7. A machine according to any one of claims 1 to 5, wherein an adjustable amplitude
of the sliding movement due to said second relative movement means is limited and has a
maximum value of between one and two times of a diameter of the working circumference

of the rotating tool on the spindle.

8. A machine according to claim 7, wherein the control unit 1s designed to interpolate
the alternating movement of the beam in the transverse direction and the alternating
longitudinal movement due to the second relative movement means of the at least one
spindle for defining predetermined closed trajectories for the grinding and/or polishing
heads.

9. A machine according to claim 8, wherein the speed of travel along the trajectories

for the grinding and/or polishing heads is constant.

10. A machine according to claim 8, wherein the speed of travel along the trajectories

for the grinding and/or polishing heads 1s variable and programmed.

11. A machine according to any one of claims 1 to 10, wherein the beam comprises
two spaced and parallel longitudinal structures which are rigidly connected together and on

which a longitudinal spindle-cartying slide travels.

12. A machine according to claim 11, wherein said slide comprises a flat guide and a
V-shaped guide for corresponding wheels provided on the longitudinal structures of the
beam.

16
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13. A machine according to claim 11 or 12, wherein the beam is provided with racks
engaged by pinions provided on the spindle-carrying slide so as to move it alternately in the
longitudinal direction, said pinions receiving the movement from synchronous drives

provided on the slide.

14. A machine according to any one of claims 1 to 13 wherein the at least one beam
comprises a longitudinal structure, on which the spindles are mounted projecting so as to be

able to move i an alternating manner in the longitudinal direction.

15. A machine according to any one of claims 1 to 14, wherein the spindles are
divided into two groups along the beam, each comprising motor-driven screws which are
moved by means of respective motor means synchronized with each other so that the two

groups of spindles move in unison.

16. A machine according to any one of claims 1 to 15, wherein said second relative
movement means perform a relative rectilinear movement of the beam, in the longitudinal

direction, with respect to the support bench.

17. A machine according to claim 16, wherein said second relative movement means
are designed to displace the machining station in the longitudinal direction in an alternating

manner above the support bench.

18. A machine according to claim 17, wherein said second relative movement means
comprise at least one sliding shoe provided on each bridge support structure and designed to

slide on a rectilinear guide arranged on the support bench.

19. A machine according to claim 17 or 18, wherein the second relative movement
means comprise at least one rack for each support structure, fixed to the support bench, the
suppott structure being provided with movement pinions designed to mesh with the racks in

order to move the machining station.

20. A machine according to claim 16, wherein said second relative movement means
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are designed to displace the beam in the longitudinal direction in an alternating manner

above the fixed support structures.

21. A machine according to claim 20, wherein the second relative movement means
comprise at least one rack for each support structure, fixed thereto, the beam being provided
with movement pinions designed to mesh with the racks in order to move the beam in the

longitudinal direction.

22. A machine according to claim 20 or 21, wherein said second relative movement
means comprise at least one sliding shoe provided on the beam and designed to slide on a

rectilinear guide arranged on the support structures.

23. A machine according to any one of claims 1 to 22, wherein the machine
comprises a machine for grinding and/or polishing slabs of natural or agglomerated stone,

ceramic or glass.

24. A method for grinding and/or polishing slabs using a machine as defined in any
one of claims 1 to 23, in which the alternating movement of the beam in the transverse
direction and the alternating longitudinal movement of the at least one spindle are
mterpolated so as to define predetermined controlled-speed closed trajectories for the

grinding and/or polishing heads.
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