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(54) AN ELECTRONICALLY CONTROLLED WORK CENTER FOR PROCESSING GLASS PLATES,
PLATES OF STONE MATERIAL OR PLATES OF SYNTHETIC MATERIAL

(57)  An electronically-controlled work center, for
processing glass plates, stone plates or plates of syn-
thetic material, comprises a stationary structure (2) de-
fining a horizontal working surface (3) and a plurality of
motorized carriages (C) movable independently of each
other along a longitudinal horizontal direction (X) with
respect to the stationary structure (2) and each carrying
a plurality of suction cup units (V) to retain a plate (L)
thereon in a horizontal position, in which the plate is to
be subjected to a cycle of processing operations. In the
step of loading the plate (L) on the work center (1), the
motorized carriages (C) are automatically arranged in
predetermined positions, distributed along the length of
the plate (L), according to the configuration and the lon-
gitudinal dimension of the plate (L). The distribution of
the suction cup units (V) may thus be obtained automat-
ically, without the need for the intervention of an operator.
Once the carriages (C) have been positioned in this way,
the suction cup units (V) of one or more carriages (C) are
activated and the carriages are then controlled simulta-
neously both to transport the plate (L) from aloading area
(A0) to a working area (A), and to move the plate along
the longitudinal direction (X), forwards or backwards, dur-
ing the execution of a cycle of processing operations,
andfinally to transport the processed plate from the work-
ing area (A) to an unloading area (AF). Also all the plate
loading and unloading operations on and from the work
center (1) can, therefore, be automated and do not nec-
essarily require the intervention of operators. Above the
working area (A) there is at least one working head (H)

movable in a vertical direction (Z) above a carriage (6)
which is - in turn - movably mounted in a horizontal trans-
verse direction (Y) over a bridge-like cross-member (4)
rigidly connected to the stationary structure of the work
center. One or more tool magazines (U1, U2) are asso-
ciated with the bridge-like cross-member, which enable
an automatic change of the tool to be carried by the work-
ing head (H).

FIG. 1
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Description

Field of the invention

[0001] The present invention relates to electronically-
controlled work centers, for processing glass plates,
plates of stone material or plates of synthetic material,
of the type comprising:

- astationary structure, defining a horizontal working
surface,

- a plurality of locking devices, for retaining the plate
in a horizontal position above, and at a distance from,
the horizontal working surface,

- atleast one working head carried in an elevated po-
sition above the horizontal working surface and ca-
pable of relative movements - with respect to a plate
retained by said locking devices - in a longitudinal
horizontal direction (X), in a horizontal transverse
direction (Y), perpendicular to the longitudinal direc-
tion, and in a vertical direction (Z).

Prior art

[0002] A work center of the type indicated above is
illustrated, for example, in the document EP 1 779 970
A1 by the same Applicant. According to this prior art, the
work center comprises a working head movable in three
orthogonal directions to perform a cycle of processing
operations on a plate positioned and locked above the
horizontal working surface. Typically, the working head
is mounted on a slide movable in the vertical direction
above a carriage which is - in turn - movably mounted in
a horizontal direction on a bridge-like cross-member ar-
ranged in an elevated position above the horizontal work-
ing surface. The bridge-like cross-member is supported
at its ends on the stationary structure in such a way as
to be movable in a horizontal direction orthogonal to the
direction of the cross-member. During a cycle of process-
ing operations, a plate is held in a fixed position on the
working surface, in a horizontal position, at a certain dis-
tance from the working surface, by means of locking de-
vices consisting of a plurality of suction cup devices, in-
dependent of each other, which are manually positioned
by an operator above the horizontal working surface, ac-
cording to the shape and size of the plate to be processed.
Each device is equipped with a lower suction cup that
can be activated by vacuum to lock the unit on the working
surface, and an upper suction cup that can be activated
by vacuum, to hold and block a plate resting thereon.
[0003] One of the main drawbacks of this prior art lies
in the need to manually position the suction cup units on
the working surface, depending on the shape and size
of the plate to be positioned on the working surface, with
consequent waste of time and productivity.

[0004] In his international patent application, WO
2019/021172 A1, the Applicant has proposed a work
center with suction cup units that are carried by motorized
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members guided on the working surface according to two
horizontal directions orthogonal to each other. An elec-
tronic controller of the machine is thus able to automat-
ically distribute the suction cup units on the working sur-
face according to a predetermined program, depending
upon the shape and/or size of the plate to be processed.
However, this solution is not always fully satisfactory and
reliable, due to the machining scraps deposited on the
guides on which the support members of the suction cup
units are movably mounted, and which hinder or even
completely prevent the correct movement of these mem-
bers.

[0005] Another drawback of the work centers of the
type discussed above lies in the fact that the operations
for loading the plates to be processed above the work
center and for unloading the processed plates from the
work center are relatively long and laborious and cannot
be always easily automated. Furthermore, if the loading
and unloading operations are performed manually, this
entails high dead times, resulting in low productivity and
also conditions wherein it is difficult to ensure a high
standard of safety for the operators.

[0006] In an attempt to solve this second problem, the
Applicant has proposed a work center in his European
patent application EP 1 591 427 A1 provided with a belt
conveyor line for conveying a plate to be machined
through a working area of the work center, starting from
a plate-loading area, located upstream of the working
area, up to a plate-unloading area, located downstream
of the working area. In the case of this solution, once the
conveying line has carried a plate above the working ar-
ea, it lowers to deposit the plate on the provided suction
cup units, according to the conventional art, above the
working surface, to hold the plate in place. This solution
facilitates the operations necessary to bring a plate into
the working area of the work center and to unload the
plate from the work center, but it still retains the draw-
backs associated with the need to position the suction
cup units on the working surface, depending on the con-
figuration of the plate to be processed. Furthermore, the
transport device of the plate is a belt device, which is not
able to move the plate while ensuring that the plate is
precisely in a predetermined position with respect to the
conveyor belts, given the possibility of sliding of the plate
with respect to the belts.

[0007] Finally, it should be added that so-called "ver-
tical" machines are known in the art for processing glass
plates or plates of stone material or plates of composite
material, wherein the plates are made to advance
through a work station, keeping them in a substantially
vertical position or close to vertical. A machine of this
type is, for example, described in the document EP 3170
622 A1 by the same Applicant. In these machines, ad-
vancing of the plates through the work station is obtained
by means of a plurality of suction cup units carried by
one or more motorized carriages that are moved in the
longitudinal horizontal direction of the machine. Howev-
er, machines of this type have a series of limitations linked
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to the vertical positioning of the plate, especially with ref-
erence to the degree of operational flexibility of the ma-
chine and the range of operations that can be performed
therewith.

[0008] A work center according to the preamble of
claim 1 is known from WO 2017/154032 A1. In this known
solution, motorized carriages carrying suction cups are
used only to keep a plate locked in position during
processing operations. The transport of the plate from
the loading area to the working area and from the working
area to the unloading area requires the provision of ded-
icated conveyors.

[0009] Solutions in this field are also known from US
2003/150240 A1, US 2011/003539 A1, EP 2631 048 A1
and WO 2016/0559966.

Object of the invention

[0010] The object of the invention is to provide a work
centerof the type indicated atthe beginning of the present
description by which the positioning operation of the lock-
ing devices, which are used to hold a plate to be worked
on the horizontal working surface, can be performed in
a completely automatic way.

[0011] Another object of the invention is that of achiev-
ing the aforesaid object with a relatively simple machine
structure of relatively low cost and without entailing any
drawbacks in terms of efficiency and operational reliabil-
ity.

[0012] Anotherobjectis to provide a work center of the
type specified above, which allows the feeding of a plate
to be processed to be carried out in a completely auto-
matic manner starting from a plate loading area up to the
working area in the work center, and starting from the
working area up to a plate unloading area.

[0013] Another object of the invention is to provide a
work center of the type indicated above wherein also the
plate loading operations onto the aforesaid loading area,
and the plate unloading operations from the aforesaid
unloading area can be easily automated.

[0014] Another object of the invention is to provide a
work center that can be easily adapted to simultaneously
perform different processing operations on different
plates, so as to be advantageously used in high-produc-
tivity plants.

[0015] Yetanother object of the invention is to provide
a work center of the type specified above which has a
high operating flexibility and is suitable for carrying out a
variety of different processing operations on the plate.

Summary of the invention

[0016] In orderto achieve one or more of the aforesaid
objects, the invention relates to an electronically-control-
led work center having the characteristics of claim 1 and
a method according to claim 25.

[0017] In the case of a preferred embodiment, the
aforesaid atleast one working head is mounted vertically-
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movable on a carriage which is - in turn - horizontally
movable in the aforesaid transverse direction (Y) on a
bridge-like cross-member, supported by the stationary
structure in an elevated position above the horizontal
working surface. In the preferred example, the aforesaid
bridge-like cross-member is fixed with respect to the sta-
tionary structure, even if the case wherein the bridge-like
cross-member is movable in the longitudinal direction (X)
is not excluded, so that the relative movements between
the working head and the plate in the X direction may be
the result of the combination of the movement of said
motorized carriages and the movement of the bridge-like
cross-member. The preferred embodiment, however, en-
visages a stationary cross-member.

[0018] According to a further characteristic, the afore-
said motorized carriages carrying the locking devices are
arranged aligned with each other along the aforesaid lon-
gitudinal direction (X) and can be moved independently
of each other along said longitudinal direction (X), by
means of respective electric drive motors.

[0019] Preferably, the aforesaid locking devices asso-
ciated with each motorized carriage consist of a horizon-
tal coplanar array of suction cup units, facing each other,
which can be operated by vacuum.

[0020] Inthe preferred example, the horizontal working
surface of the stationary structure of the work center is
provided with supporting and guiding members in the
form of rollers and/or pads or conveyor belts, to support
and guide a plate during its movement in the longitudinal
direction above the working surface. The aforesaid suc-
tion cup units are movable between a lowered rest posi-
tion and a raised operative position, wherein they are
able to engage the lower surface of a plate supported on
said support and guide members. The motorized carriag-
es are aligned with each other along a longitudinal direc-
tion, and are arranged on one side portion of the hori-
zontal working surface. In one example, the aforesaid
supporting and guiding members are rollers or pads ar-
ranged in longitudinal arrays, transversely spaced apart
from each other, onthe other side portion of the horizontal
working surface, alongside the aligned series of motor-
ized carriages. Also in the case of the aforesaid embod-
iment, each of the motorized carriages carries suction
cup units arranged in longitudinal lines transversely
spaced apart from each other. Between these lines there
are devices for supporting the plate, which can be moved
vertically between a lowered rest position and a raised
operative position.

[0021] Accordingtoapreferred characteristic, the work
center comprises at least one electronic controller for
controlling electric drive motors driving the aforesaid mo-
torized carriages. The electronic controller is pro-
grammed in such a way that, in a preliminary step of
loading a plate on the horizontal working surface, it re-
ceives information on at least one parameter indicative
of a longitudinal dimension of the plate and controls the
advancement of said carriages in said longitudinal direc-
tion through respective predetermined travel lengths, so
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as to distribute the carriages along the plate.

[0022] After completing the loading step, when the mo-
torized carriages carrying the suction cup units have
been distributed along the length of the plate and have
their suction cup units activated and in engagement on
the plate, the electronic controller may control a series
of synchronous movements of all the carriages to bring
the plate into the working area, to impart the necessary
movements to the plate in the aforesaid longitudinal di-
rection during the execution of a cycle of processing op-
erations on the plate by said working head, and finally to
transfer the processed plate into an unloading area.
[0023] In high productivity plants, the work center ac-
cording to the invention may be equipped with several
working heads designed to operate simultaneously on
different plates. In this case, the work center is set up
with several aligned series of motorized carriages carry-
ing suction cup units, to feed several plates simultane-
ously through the working area.

[0024] Of course, a machine of any type (for example
a Cartesian robot or a multi-axis robot) can be associated
with the work center according to the invention for auto-
matically loading a plate onto a loading area of the work
center and/or for automatically unloading a plate from an
unloading area of the work center.

[0025] According to an additional characteristic, at
least one tool magazine is mounted movable in the lon-
gitudinal direction (X) on the stationary structure of the
work center. The electronic controller is programmed to
control a movement of said at least one tool magazine
in the longitudinal direction and a movement of said work-
ing head in the transverse direction (Y) and in the vertical
direction (Z), in order to arrange the working head at the
magazine, every time it is necessary to carry out an au-
tomatic tool change.

[0026] As is evident from the above, the work center
according to the invention has a series of important ad-
vantages. First of all, the plate to be processed is held
by a plurality of suction cup units, which are positioned
and distributed on the working surface in a completely
automatic way, according to the size and configuration
of the plate. For this purpose, the work center may pro-
vide one or more contact sensors or optical sensors of
any known type to detect the configuration and position
of the plate with respect to the working area and thus
allow automatic programming of the electronic controller
regarding the arrangement of the motorized carriages
carrying the suction cup units.

[0027] An additional advantage of the work center ac-
cording to the invention lies in the fact that the suction
cup units carried by the motorized carriages do not hold
the plate in a fixed position during processing, but, on
the contrary, they move the plate in the longitudinal di-
rection (X). This characteristic is used both to perform
the necessary relative movements in the longitudinal di-
rection (X) between the working head and the plate during
the cycle of processing operations, and to carry out the
forward movement of the plate necessary to bring the
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plate from the loading area to the working area and from
the working area to the unloading area. Therefore, even
these operations nolonger require the intervention of one
or more operators and can be carried out in total safety
(the operators can remain outside a protected working
area, since they are not required to operate in the work
area) and in extremely short times, to the advantage of
productivity.

[0028] The automation of the positioning of the suction
cup units and the automation of the movement of the
plate through the work center are also obtained with an
extremely simple and relatively low-cost structure, which
is not exposed to any drawbacks also regarding the op-
erational reliability over time.

[0029] Furthermore, the work center according to the
invention may be easily configured to simultaneously per-
form the processing of more than one plate.

[0030] The degree of operational flexibility of the work
center according to the invention is very high. The work
center lends itself to be easily configured both in a manual
mode, wherein relatively small plates are loaded and un-
loaded manually by one or more operators, and in a fully
automated mode. In the latter case, the work center ac-
cording to the invention also lends itself to being adapted
immediately and easily for installation along an automat-
ed line, in which it constitutes a station of the line.
[0031] Inanother embodiment, said motorized carriag-
es each carry one or more transverse rows of locking
devices (typically suction cup units) aligned in transverse
directions with respect to said longitudinal direction, and
that each carriage has a dimension in the longitudinal
direction equal to or less than the dimension in the afore-
said longitudinal direction of the locking devices carried
by said carriage.

[0032] This solution makes it possible to arrange the
suction cup units carried by different carriages into posi-
tions immediately adjacent to each other, placing the car-
riages in contact with each other. Furthermore, this so-
lution allows, in the event that the work center is equipped
with a second and lower drilling head, minimizing the
minimum distance between the suction cup unit and the
lower drilling head, allowing a greater dimension of the
area of the plate in which it is possible to make a hole.
[0033] According to a further optional characteristic,
particularly useful for allowing the automated handling of
even small plates, in said loading area and/or in said
unloading area; the horizontal working surface of said
stationary structure is provided with an array of conveyor
belts parallel and transversely spaced apart, to support
and guide a plate during its movement in the longitudinal
direction entering and/or exiting the working surface. The
said conveyor belts are movable between a lowered rest
position and a raised operative position, wherein they are
able to engage the lower surface of a plate so as to sup-
port the plate and transfer the plate in the longitudinal
direction. The locking devices carried by the motorized
carriages are suction cup units that can are displaceable
in the spaces between the conveyor belts between a low-
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ered rest position and a raised operative position, where-
in the suction cup units are able to engage the lower
surface of a plate supported on said conveyor belts.
[0034] In an embodiment, said one or more motorized
carriages carrying the locking devices are also used to
support waste portions of the glass plates resulting from
processing operations on the plates.

Detailed description of the invention

[0035] Further characteristics and advantages of the
invention will become apparent from the description that
follows with reference to the attached drawings, provided
purely by way of non-limiting example, wherein:

- Figure 1 is a schematic perspective view of a work
center according to the present invention,

- Figure 2 is a schematic cross-sectional view of the
work center of Figure 1, in a transverse plane with
respect to the longitudinal direction of the work cent-
er,

- Figure 3 is an enlarged scale view of a detail of the
cross-section of Figure 2, with reference to a con-
crete embodiment of the work center according to
the invention,

- Figure 4 is a partial perspective view of the detail of
Figure 3,

- Figure 5is a schematic side view of a tool assembly
that can be associated with the working head of the
work center according to the invention,

- Figures 6-13 illustrate, by way of example, different
operating steps of the work center according to the
invention,

- Figure 14is across-sectional view of the work center,

- Figure 15 is another perspective view, partially
cross-sectioned, of a detail of the work center ac-
cording to the invention,

- Figure 16 shows the detail of Figure 15 in a different
operating condition,

- Figures 17 and 18 show additional perspective
views, partially cross-sectioned, of a detail of the as-
sembly of Figures 15 and 16,

- Figure 19 is a side view, partially cross-sectioned,
of a part of the work center,

- Figure 20, shows a variant of the work center ac-
cording to the invention, designed to perform simul-
taneous processing operations of two plates,

- Figures 21,22 are perspective views showing two
examples of machines that can be associated with
the work center, for the automated loading of the
plates on the work center, and

- Figures 23 - 27 illustrate an additional embodiment.

General structure of the work center

[0036] In the drawings, reference 1 indicates - in its
entirety - an electronically-controlled work center for
processing glass plates, plates of stone material or plates
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of synthetic material. The work center 1 comprises a sta-
tionary structure 2, defining a horizontal working surface
3.

[0037] In the example illustrated, the horizontal work-
ing surface 3 includes a working area generally indicated
by A, surmounted by a bridge-like cross-member 4 ar-
ranged in an elevated position above the working area A.
[0038] In the preferred example illustrated here, the
bridge-like cross-member 4 is in a fixed position with re-
spect to the stationary structure 2, having its ends carried
by two side portions 5, which are rigidly connected to the
stationary structure 2.

[0039] The horizontal working surface 3 extends in a
longitudinal horizontal direction X, while the bridge-like
cross-member 4 extends in a transverse horizontal di-
rection Y, orthogonal to the longitudinal direction X.
[0040] Inthe presentdescription, andin the claims that
follow, the terms "longitudinal" and "longitudinally" and
the terms "transverse" and "transversely" are used pre-
cisely with reference to the longitudinal direction X and
the transverse direction Y defined above.

[0041] A motorized carriage 6 is slidably mounted on
the bridge-like cross-member 4 in the Y direction. On the
carriage 6, slidably mounted in the vertical direction Z is
a slide 7 carrying a working head H.

[0042] The plates L are displaced in the direction X
above the horizontal working surface 3 by means of a
plurality of motorized carriages C, movable in the longi-
tudinal direction X independently of each other and car-
rying a plurality of locking devices V configured for en-
gaging and blocking one or more plates, kept in a hori-
zontal position, on said carriages. In the embodiments
illustrated herein, the locking devices consist of suction
cup units which can be operated by vacuum.

[0043] During a cycle of processing operations on the
plate, the relative movements of the working head H with
respect to the plate are obtained: in the X direction by
the movement of the plate imparted by the motorized
carriages C; in the Y direction by the movement of the
carriage 6 along the bridge-like cross-member 4, and in
the Z direction by the movement of the slide 7.

[0044] Respective electric motors are provided for driv-
ing the movements of the carriages C in the longitudinal
direction X; of the carriage 6 in the transverse direction
Y, and of the slide 7 in the vertical direction Z. These
electric motors are controlled by one or more electronic
controllers E (see, for example, Figure 15), which in the
illustrated embodiment example are arranged inside a
cabinet associated with the stationary structure 5, which
supports one end of the bridge-like cross-member 4. The
electronic controller is equipped with a human-machine
interface HMI including, for example, a monitor 10 and a
keyboard 11.

The working head

[0045] The constructive details of an embodiment ex-
ample of the working head H are visible in Figure 14 of
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the attached drawings. With reference to this Figure, the
number 8 indicates a spindle supported by the slide 7 in
a rotatable way around a vertical axis, with an electric
drive motor associated therewith.

[0046] According to a known technique, the spindle 8
has a lower end having a seat for receiving and remov-
ably supporting the conical shank 9 of a tool G (for ex-
ample, a grinding wheel with a vertical axis), by means
of a coupling device of any known type, configured for
allowing an automatic tool change. If it is necessary to
operate with a tool having a horizontal rotation axis, a
tool assembly G1 is coupled to the spindle 8, of the type
illustrated - by way of example - in Figure 5, having a
conical shank 9 for coupling with the spindle 8. The shank
9 is connected in rotation by means of a pair of bevel
gears (not illustrated) with a tool G2 (in the example a
cup wheel) with a horizontal axis.

The X-movable carriages carrying the suction cup units

[0047] In the example of Figures 1-19, the motorized
carriages C are arranged aligned with each other in the
longitudinal direction X adjacent to one side of the sta-
tionary structure 2, and are movable within a channel 200
(Figure 1) defined by the stationary structure 2, below
the horizontal working surface 3. On the horizontal work-
ing surface 3, alongside the channel 200 in which the
motorized carriages C are movable, longitudinal arrays
of rollers R are arranged, freely rotatable around hori-
zontal transverse axes. The longitudinal arrays of rollers
R are transversely spaced apart. As can be seen, for
example, in Figure 1, in the case of this embodiment, the
plate L is intended to rest partly on the carriages C and
partly on the longitudinal arrays of rollers R.

[0048] Figures 3 and 4 of the attached drawings show
the detail of a motorized carriage C carrying a plurality
of suction cup units V. The suction cup units V are ar-
ranged along several spaced apartlongitudinal lines, and
have coplanar upper suction cups, lying in the same hor-
izontal plane. Each suction cup unit is not described here
in its construction details, as it can be made in any known
way. Typically, each suction cup unit comprises a suction
cup facing upwards, operated by vacuum. To this end,
the suction cup units comprise - in a known way - inner
chambers (not visible in the drawings) communicating
via flexible pipes (also not illustrated) with a vacuum
source, typically a pump. This pump may be located on
board the respective carriage C, and operated by a re-
spective electric motor, also located on board the car-
riage C. Alternatively, the pump that generates the vac-
uum may be a single pump that serves all the carriages
C, located in an area of the stationary structure. In this
case, the management of the vacuum is made independ-
ent for the various suction cup units by means of solenoid
valves, each associated with a respective suction cup
unit, which are governed by the central electronic control
unit of the machine, depending on the size and shape of
the plate to be processed. Furthermore, the suction cup
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units V are associated with one or more actuators of any
known type (for example, fluid actuators) so as to be mov-
able between a lowered rest position and a raised oper-
ating position, wherein the suction cups engage the lower
surface of a plate L resting on the rollers R of the longi-
tudinal arrays ofrollers described above (see in particular
Figure 4).

[0049] All the aforesaid construction details are not il-
lustrated in the drawings, because they can be made in
any known way, and also for greater simplicity and clarity
of illustration.

[0050] The movement of each carriage C can be op-
erated independently from that of the other carriages C.
To this end, in the example illustrated (see Figure 3),
each carriage C is equipped with an electric motor as-
sembly M that rotates a pinion P meshing with a rack D
carried by the stationary structure 2 of the machine and
extending in the longitudinal direction X.

[0051] Still with reference to Figures 3 and 4, in the
illustrated example each carriage C is supported in a can-
tilever fashion and guided in its sliding movement in the
X direction by means of pads 12, which engage guide
bars 13 carried by the stationary structure 2 and extend-
ing in the longitudinal direction X.

[0052] A structure C1 is associated with each motor-
ized carriage C for containing and guiding the electrical
power cables of the electrical devices located on board
the carriage C, which is - in turn - connected to a catenary
structure C2 (see in particular, Figure 4) serving to guide
the aforesaid cables during the movement of the respec-
tive carriage.

[0053] Again with reference to Figures 3 and 4, above
each carriage C, between the longitudinal rows of suction
cup units V, pad supports 15 are interposed, vertically-
movable, with respect to the structure of the carriage (by
means of fluid actuators, not illustrated), between a
raised operational position and a lowered rest position.
When the suction cup units of a carriage are in their low-
ered position, the supports 15 may be in their raised po-
sition, so that a plate L (see, for example, Figure 7) may
be supported partly on the rollers R, in its left portion,
with reference to the direction of movement of the plate
(indicated by the arrow X1 in Figure 1) and partly on the
pads of the supports 15 of the carriages C, leaving the
plate free to slide forward.

The zero line or faith line

[0054] The work center according to the invention pro-
vides a device 14 (see again, in particular, Figures 1-4),
to position a plate to be processed in the transverse di-
rection Y. The device 14 comprises a longitudinal bar
140, extending in the X direction carrying a plurality of
vertical axis rollers 141. The longitudinal bar 140 (see
Figure 2) can be operated by means of actuators 140A
(one of which is illustrated in Figure 2) so as to be dis-
placeable in the transverse direction Y in order to push
the longitudinal array of rollers 141 against the right side



11 EP 3 819 080 A1 12

edge of the plate L, with reference to the advancing di-
rection of the plate (indicated by the arrow X1 in Figure
1), in order to push the plate into a strictly predetermined
transverse position.

[0055] Inaninitial step of loading a plate L on a loading
area A0, at one end of the stationary structure 2 (see
Figures 6 and 7, the plate L is placed above the arrays
of rollers R and on the supports 15 of the carriages C,
without yet activating the suction cup units V. In this con-
dition, the plate is positioned to the right (with reference
to the advancing direction X1) beyond the correctworking
position. Starting from this condition, the bar 140 of the
transverse reference device 14 is actuated so as to en-
gage the right side edge of the plate with the rollers 141,
and push the plate transversely up to a correct working
position. To this end, the actuator or actuators of the
transverse movement of the bar 14 are controlled by the
electronic controller E of the work center, according to a
predetermined program. Once the longitudinal bar 140
of the device 14 has been positioned in this way, it re-
mains in this position, so as to define the zero line, or
faith line, for the plate during all the movements that the
plate performs during the transfer step from the loading
area to the working area, during the cycle of processing
operations and during the transfer from the working area
to the unloading area.

[0056] As is evident from the above description, all the
aforesaid movements of the plate L in the longitudinal
direction X are obtained by means of the motorized car-
riages C carrying the suction cup units V that engage the
lower surface of the plate.

Loading of the plate

[0057] Figures 6-11 show the different steps of loading
a plate onto the working surface, according to an embod-
iment example.

[0058] Figure 6 shows four carriages C carrying the
suction cup units V, all arranged in mutually adjacent
positions at the loading area AQ of the plate. In Figure 6,
the plate is schematically illustrated in a position still dis-
tant from the loading area A0. As will be described in
greater detail below, the work center according to the
invention can be associated with devices for automati-
cally loading and unloading the plates, even if it is not
excluded, especially in the case of small sized plates,
that the loading and unloading operations can be per-
formed manually, asillustrated in Figure 13. The operator
can also perform a similar manual operation for unloading
the plate from the unloading area of the work center.
[0059] Thecaseisalsopossible whereinthe work cent-
er constitutes only one station interposed along an auto-
mated processing line, in which case the loading area
AO receives the plate from the station located in the line
immediately upstream of the work center.

[0060] Figure 7 shows the plate L having arrived in a
position wherein its front part overlaps the suction cup
units carried by all carriages C. In this condition, the suc-
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tion cup units of all the carriages are in their inoperative
lowered position, with the exception of the suction cup
units of the first carriage, located in the most advanced
position, towards the working area A. Figure 8 shows
precisely the condition wherein the suction cup units of
the first carriage have been carried into their raised po-
sition and activated to hold the front part of the plate L
thereon. Starting from this condition, the electronic con-
troller of the work center activates, in a completely auto-
matic way, according to a predetermined program, or if
necessary following commands given by an operator, on-
ly the movement in the X direction of the aforesaid first
carriage, while the remaining carriages are left stationary
in position, with the suction cup units deactivated. In this
way, the first carriage drags the plate L up to the position
illustrated in Figure 9, adjacent to the working area, mak-
ing the plate slide over the rollers R and over the supports
15 (which are in the raised position) of the remaining
carriages C at the loading area AQ.

[0061] Once the condition of Figure 9 is reached, the
first carriage is kept with its suction cup units active and
in engagement with the lower surface of the plate, while
the other carriages C are advanced in succession, with
their suction cup unitsin the lowered position, for different
predetermined strokes, until they are distributed in mu-
tually spaced positions along the plate, so as to cover
the entire extension of the plate (Figures 10, 11). The
movement of these carriages can also be activated si-
multaneously with the movement of the first carriage.
[0062] Ascanbe seen, therefore, the suction cup units
V are automatically distributed along the length of the
plate, according to the size of the plate itself and the
processing operations to be carried out. In the condition
of Figure 11, the plate rests on the suction cup units of
the various carriages, which - at this point - are all carried
into their raised operational position and made active, to
hold the plate thereon. The plate also rests with its left
part above the arrays of rollers R.

[0063] The aforesaid operations may be controlled by
the operator through the HMl interface, but more prefer-
ably they are obtained completely automatically by the
electronic controller E, on the basis of a predetermined
program, which is a function of the dimensions (including
the thickness) of the plate, of the configuration of the
plate, and the processing operations to be carried out.
[0064] To this end, the work center is preferably
equipped with sensor devices of any known type, for ex-
ample, contact sensors or optical sensors (not illustrat-
ed), capable of detecting the presence of the plate and
its dimensions, to allow automatic programming of the
distribution of the carriages C along the plate.

The work step

[0065] Once the condition illustrated in Figure 11 is
reached, wherein the plate is retained on all the suction
cup units V of all the carriages C, the electronic controller
and the machine may activate any cycle of processing
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operations programmed for processing of the plate. Dur-
ing this cycle of processing operations, the working head
His brought alongside the portions of the plate L intended
to be processed. This is achieved by moving the working
head H in the Y direction and in the Z direction by moving
the carriage 6 and the slide 7, and controlling a synchro-
nous movement of all the carriages C to cause the nec-
essary movements of the plate L (forwards or backwards)
in the longitudinal direction X.

[0066] Even before starting the cycle of processing op-
erations, in an initial step, the movement of the carriages
is controlled to bring the front edge of the plate against
a contact sensor, with an electric microswitch that sends
a signal to the control unit indicating the starting position
of the plate, with respect to the longitudinal direction X.
Once this reference has been acquired, the work cycle
can be started.

The tool magazine

[0067] The work center is designed to perform a wide
range of processing operations, thanks to the provision
of one or more tool magazines, which are designed to
allow a fully automatic tool change on the working head
H, depending on the processing to be performed.

[0068] In the case of the specific example illustrated,
the work center 1 is equipped with two tool magazines.
With reference in particular to Figures 1 and 20, a first
tool magazine U1 is carried by a cross-member 20 ar-
ranged parallel to and adjacent to the bridge-like cross-
member 4. The cross-member 20 is supported by the
stationary structure 2 so as to be displaceable in the X
direction. According to the conventional art, the maga-
zine U1 comprises a plurality of tool-holder members,
made in any known way, to allow automatically deposit-
ing or picking-up of a tool assembly. The movements in
the longitudinal direction X of the cross-member 20 with
respect to the bridge-like cross-member 4 are controlled
by a pneumatic actuator or, alternatively, by an electric
motor (notillustrated), and are controlled by the electron-
ic controller E of the machine. By controlling the move-
ments of the cross-member 20 along the longitudinal di-
rection X, the movements of the carriage 6 along the
transverse direction Y, and the movements of the slide
7 along the vertical direction Z, it is possible to bring the
working head H to an empty place in the magazine U1,
to unload thereon a previously used tool and then to bring
the working head H to a position occupied by a tool to be
picked up. The operations of releasing the previously
used tool and picking up the new tool to be used can be
carried out completely automatically, by means of the
tool change device associated with the spindle 8.

[0069] With reference in particular to Figure 19, a sec-
ond tool magazine U2 is carried by the stationary struc-
ture to a lower position than the first magazine U1. Figure
19 illustrates a cross-sectional view of the work center
1, in a vertical plane parallel to the X direction. The mag-
azine U2 is carried by a beam 21 extending in a direction
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parallel to the longitudinal direction X, and displaceable
with respect to the stationary structure of the work center
along said longitudinal direction X. The movements of
the structure 21 are controlled by an electric motor (not
illustrated) under the control of the electronic controller
E of the work center. In the case of the illustrated exam-
ple, the magazine U2 supports a plurality of tool-holder
members - of any known type - to support a plurality of
tool assembilies, for example, tool assemblies G1 of a
type similar to thatillustrated in Figure 5, with a tool having
a horizontal axis connected in rotation by means of a pair
of bevel gears with a conical shank 9 having a vertical
axis.

[0070] By controlling the movements of the tool mag-
azine U2 in the longitudinal direction X, and the move-
ments of the working head H in the vertical direction Z,
and in the transverse direction Y, it is possible to arrange
the working head adjacent to an empty location of the
tool magazine U2, to deposit a previously used tool, and
then subsequently at a place in the magazine U2 occu-
pied by a new tool to be picked up, according to the mo-
dalities that have already been described above with ref-
erence to the first tool magazine U1.

The lower auxiliary working head

[0071] The work center is also able to perform drilling
operations, thanks to the use, in combination with the
working head H, which operates above the plate, of a
lower auxiliary working head LH, which operates under
the plate. According to the prior art in this field, a plate
drilling operation, in particular, in the case of glass plates,
involves the simultaneous engagement of the plate by
an upper tool and a lower tool.

[0072] With reference to Figures 14-19, the lower head
LH is in the form of a transverse beam, which is slidably
guided along the transverse direction Y under the sta-
tionary structure 2 of the work center. For this purpose,
guide bars 25 (see Figure 19) slidably mounted inside
guide supports 26 carried by the stationary structure may
be arranged on the lower side of the beam constituting
the structure of the lower cross-member LH, and/or a
wheel 27 (Figure 16) may be provided, always on the
lower side of the head LH, and at one of its ends, freely
rotatable around a horizontal axis parallel to the X direc-
tion and shaped like a pulley, so as to be guided and -
at the same time - held transversely on a guide rail 28
carried by the stationary structure, in order to avoid bend-
ing during translation in the Y direction, and in order to
react to the shear stress in the Z direction.

[0073] As better seen in Figure 19, the structure of the
lower cross-member LH carries a revolver device 30, ro-
tatable around a horizontal axis parallel to the transverse
direction Y, carrying a star-like arrangement of tools 300,
which are selectable according to the operation to be
performed. Whenever it is necessary to prepare a tool
carried by the lower head LH in the working position, the
revolver device 30 is rotated so as to bring the tool to be
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used in the North position of the star of tools 300.
[0074] When itis necessary to perform a drilling oper-
ation on a plate L, the plate is moved in the X direction,
by means of the carriages C, together with a positioning
of the lower head LH along the Y direction and a posi-
tioning of the upper head H along the direction Y, respec-
tively, below and above the plate at the point on the plate
where the drilling is to be performed.

[0075] Withreference to Figure 17, inside the structure
constituting the lower head LH, there is an electric motor
unit M1, which is able to rotate, by means of a transmis-
sion of any known type (not illustrated), the tool 300,
which is in the upper operating position in the tool star
300. Furthermore, the structure that carries the tool 300
which is in the operative position is also provided with an
actuator (not shown) for imparting a movement in the Z
direction to the tool 300. Figure 17 shows the conical
shank 9 of a drilling tool G intended to engage the glass
plate from the upper side. For greater clarity, Figure 17
does not illustrate the electro-spindle, to which the con-
ical shank 9 is coupled.

[0076] Figures 17, 18 also show a wall W carried by
the upper working head H, which surrounds the tool G
when the tool is in the working position, and is intended
to support nozzles for the emission of coolant liquid (not
illustrated). Similarly, a ring structure 40 surrounds the
lower tool 300 when it is lowered into an operating posi-
tion), and is equipped with nozzles (not illustrated) for
the emission of coolant in the working area of the lower
tool. The ring structure 40 also has a movement in the Z
direction that allows it to position itself at the level of the
lower surface of the plate to act as a support surface
during the drilling operation.

[0077] Figures 17 and 18 also show a cross-member
50 carried by the stationary structure and provided at the
top with a series of rollers 51, aligned in the transverse
direction Y, and freely rotatable around a transverse axis.
When processing a plate in the working area of the work
center, the lower surface of the plate is guided over the
rollers 51.

[0078] At the same time, the plate L is also guided in
its movements on the working area by an upper contain-
ment structure 60 (Figure 14), suspended from the
bridge-like cross-member 4 in a vertically adjustable po-
sition (by means of a fluid actuator not illustrated), above
the plate and equipped with pad elements or freely ro-
tating rollers, for engagement with the upper surface of
the plate.

[0079] Figures 15 and 16 show the lower head LH,
respectively, in its two positions at opposite ends of its
stroke in the Y direction.

Unloading of the plate

[0080] Once the cycle of processing operations has
been completed, the carriages C are controlled simulta-
neously to transport the plate L to the position illustrated
in Figure 12, wherein the front portion of the plate is at
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the unloading area AF. Starting from this condition, the
suction cup units of the carriages C may be deactivated
and carried to their inoperative lowered positions, with
the exception of the last carriage, which is further back
with respect to the advancing direction of the plate. This
carriage can be kept with its suction cup units in engage-
ment with the plate, and then be made to advance in the
X direction (the remaining carriages will, in any case, be
advanced to avoid interference) so as to push the plate
L towards an unloading position from the work center.

Variants

[0081] Figure 20 shows another embodiment, wherein
the configuration of the work center described above with
reference to Figures 1-19 is doubled in a specular way,
with two aligned series of carriages C arranged side-by-
side, to simultaneously carry two plates L to be processed
by two working heads H carried on the bridge-like cross-
member.

[0082] Figures 21, 22 illustrate embodiments wherein
the work center described above is associated with a
machine for automatically loading the plates onto the
work center.

[0083] Inthe case of Figure 21, a Carriageesian robot
70 is arranged, carrying a gripper 71 equipped with vac-
uum-operated suction cup units, which is moved to sub-
sequently pick up the plates from a support rack of the
plates, and to deposit them on the working surface of the
work center.

[0084] Figure 22illustrates a solution in which the grip-
per 71 is carried by a multi-axis manipulator robot 72.
[0085] Of course, a similar arrangement can be ar-
ranged at the unloading end of the work center.

[0086] In any case, it is clear that the work center can
be used flexibly in a variety of ways, including a manual
loading and unloading mode of small plates by one or
more operators.

[0087] Itis equally evident that the structure and con-
figuration of the work center allows the work center to
use each of the ends of the stationary structure of the
work center as a loading or unloading area.

[0088] Of course, in an industrial plant with high pro-
ductivity, the work center according to the invention may
be inserted into an automated production line, so that the
loading area of the work center receives, in succession,
the plates that are fed by the station of the automated
line, which is located upstream of the work center. Sim-
ilarly, atits unloading end, the work center feeds the proc-
essed plate to the station of the automated line located
downstream from the work center, or to a final unloading
station for the processed plate, to which the plate is sent
for shipment.

[0089] Figures 23-27 refer to an additional embodi-
ment of the work center according to the invention, that
allows the automated feeding and processing of glass
plates even with relatively small dimensions (for exam-
ple, with a longitudinal dimensionin the order of 400 mm).
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In the case of this embodiment example, at the loading
area AO and at the unloading area AF, the working sur-
face 3 is provided with a plurality of closed-loop conveyor
belts CN arranged in the longitudinal direction of the work
center, all parallel to each other and transversely spaced
apart from each other, to support and guide the glass
plates entering and leaving the work center. As can be
seen in Figures 23 and 27, the conveyor belts CN also
cover the area of the working surface 3 next to the chan-
nel 200 wherein the motorized carriages C are movable.
It can be envisaged that the conveyor belts CN can be
moved vertically between a raised operating position,
wherein they are able to feed a glass plate entering and
leaving the work center, and a lowered position, wherein
they release the glass plate carried by them above the
suction cup units V carried from the motorized carriages
C. To this end, as shown in Figures 24-26, the carriages
C each carry arow of suction cup units V arranged trans-
versely to the longitudinal direction, with the suction cup
units V of each carriage being transversely spaced from
each other, so thatthe carriages C are free to move below
the conveyor belts CN, and the conveyor belts CN are
arranged in the spaces between the suction cup units V.
In the example shown in Figures 24-26, upstream of the
loading area AO, as well as downstream of the unloading
area AF, a roller surface RS can be provided. on which
a glass plate L can be made to advance until it is picked
up from the conveyor belts CN.

[0090] According to an additional preferred character-
istic of the work center according to the invention, each
motorized carriage C carries one or more rows of suction
cup units V directed transversely to the longitudinal di-
rection of the work center (the example of Figures 23-27
shows motorized carriages C each having a single trans-
verse row of suction cup units V), and each carriage C
has a dimension in the longitudinal direction of the work
center that is less than or equal to the dimension in the
longitudinal direction of the suction cup units V carried
by the carriage C. In this way, it is possible to arrange
the suction cup units V carried by different carriages in
positions strictly adjacent to each other, by arranging the
carriages C in contact with each other, or in positions
strictly adjacentto each other, as shown in Figures 24-26.
Thanks to this characteristic, it is possible to position the
carriages C so as to obtain an array of suction cup units
V that are very close to each other, which allows the
automated handling of even relatively small glass plates
L (for example, having a longitudinal dimension in the
order of 400 mm), as is evident from Figures 24-26.
[0091] Figure 23 of the attached drawings is an overall
perspective view of the embodiment described here,
while Figures 24-26 are plan views of a detail of the load-
ing area AO in three different operating conditions. Figure
4 shows a plate L in the step wherein it is transferred
from the roller surface RS to two conveyor belts CN of
the loading area AO. In this step, four motorized carriages
C are kept in positions adjacent to each other in the load-
ing area AO, below the conveyor belts CN. The step of
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Figure 25 shows a subsequent step, wherein the motor-
ized carriages C have remained in their positions, while
the plate L has been moved to an advanced position by
the two conveyor belts CN that engage its lower surface.
Figure 26 shows the same condition as Figure 25, where-
in, however, the longitudinal bar 14 is advanced trans-
versely (towards the other with reference to Figure 26)
to position the plate L in the correct position. Starting from
this condition, the conveyor belts CN may be lowered so
as to deposit the plate L on one or more suction cup units
V of one or more carriages C.

[0092] According to a characteristic of the work center
according to the invention, once the motorized carriages
have been positioned to engage the glass plate L and,
subsequently, move it into the working area A during
processing, selected suction cup units V are activated,
for selected carriages C, according to the shape and size
of the plate L and the processing operations to be carried
out.

[0093] Another important characteristic of the inven-
tion lies in the fact that the suction cup units of one or
more motorized carriages C are also used to support
waste portions of the glass plates resulting from process-
ing operations on the plates. According to this character-
istic, the suction cup units V that engage a waste portion
can be moved vertically between a raised operative po-
sition and a lowered position, wherein they keep the
picked-up waste portion out of the encumbrance of the
working area.

[0094] With reference again to Figures 23 and 27, in
the embodiment example illustrated therein, the convey-
or belts CN also cover the part of the working surface 3
located next to the channel 200 in which the motorized
carriages C are movable.

Advantages

[0095] As already indicated, the work center according
to the invention has a series of important advantages.
First of all, the plate to be processed is held by a plurality
of suction cup units, which are positioned and distributed
on the working surface in a completely automatic way,
according to the dimensions (including thickness) of the
plate, the configuration of the plate, and the processing
operations to be carried out. For this purpose, the work
center can provide one or more contact sensors or optical
sensors of any known type to detect the configuration
and position of the plate with respect to the working area,
and thus allow automatic programming of the electronic
controller regarding the arrangement of the motorized
carriages carrying the suction cup units.

[0096] A further advantage of the work center accord-
ing to the invention lies in the fact that the suction cup
units carried by the motorized carriages no longer hold
the plate in a fixed position during processing but, on the
contrary, move the plate in the longitudinal direction (X).
This characteristic is used both to perform the necessary
relative movements in the longitudinal direction (X) be-
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tween the working head and the plate during the cycle
of processing operations, and to carry out the forward
movement of the plate necessary to carry the plate from
the loading area to the working area and from the working
area to the unloading area. Therefore, even these oper-
ations no longer require the intervention of one or more
operators and can be carried out in total safety (the op-
erators can remain outside a protected working area, not
needing to intervene near the area of work) and in ex-
tremely short times, to the advantage of productivity.
[0097] The automation of the positioning of the suction
cup unitand the automation of the movement of the plate
through the work center are also obtained with an ex-
tremely simple and relatively low-cost structure, which is
not exposed to any drawbacks also regarding the oper-
ational reliability over time.

[0098] Furthermore, the work center according to the
invention can be easily configured to simultaneously per-
form the processing of more than one plate.

[0099] The degree of operational flexibility of the work
center according to the invention is very high. The work
center lends itself to be easily configured both ina manual
mode, wherein relatively small plates are loaded and un-
loaded manually by one or more operators, and in a fully
automated mode. In the latter case, the work center ac-
cording to the invention also lends itself to being adapted
immediately and easily for installation along an automat-
ed line, in which it constitutes a station on the line.
[0100] Preferably, sensors for detecting the presence
of the plate are arranged along the longitudinal direction,
capable of detecting its size in the longitudinal direction
of movement, in order to communicate this information
to the electronic control unit, to facilitate the determina-
tion of the correct position of the carriages C. Further-
more, as already indicated, in the working area A, there
is at least one sensor capable of detecting an initial po-
sition of the plate, in the longitudinal direction X, before
the start of a cycle of processing operations. Finally, an
automatic measurement system can be provided thatde-
tects the dimensions of the plate in the advancing direc-
tion X and in the transverse directions Y and Z, and com-
municates the data collected thereby to a central elec-
tronic controller. Preferably the sensor capable of detect-
ing the initial position of the plate along the longitudinal
direction cooperates with a portion of the plate located
sufficiently far away from an edge between the lower sur-
face and a vertical side surface of the plate, so as to avoid
detection of metal gggqjscraps present on the plate fol-
lowing previous cutting processes. Always preferably,
said sensor is configured and arranged to cooperate with
an upper part of the thickness of the plate being proc-
essed (L).

[0101] Of course, without prejudice to the principle of
the invention, the details of construction and the embod-
iments may vary widely with respect to those described
and illustrated purely by way of example, without depart-
ing from the scope of the present invention, as defined
by the attached claims.
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Claims

1. An electronically-controlled work center for process-
ing glass plates, plates of stone material or plates of
synthetic material, comprising:

- a stationary structure (2), defining a horizontal
working surface (3),

- a plurality of locking devices (V), for retaining
a plate (L) in a horizontal position above, and at
a distance from, the horizontal working surface
3),

- at least one working head (H) carried in an
elevated position above the horizontal working
surface (3) and capable of relative movements
- with respect to a plate (L) retained by said lock-
ing devices (V) - in a longitudinal horizontal di-
rection (X), in a horizontal transverse direction
(Y) perpendicular to the longitudinal direction,
and in a vertical direction (Z),

- wherein said plurality of locking devices (V) is
carried by one or more motorized carriages (C),
movable along said longitudinal horizontal direc-
tion (X) with respect to said stationary structure,
and

- an electronic controller programmed to control
the movement of said motorized carriages (C)
carrying the locking devices (V) in said longitu-
dinal direction (X),

said work center being characterized in that
said electronic controller is programmed to
move said motorized carriages (C) through a
working area (A) of said work center, starting
from a first end portion of said stationary struc-
ture (2), wherein a plate (L) can be loaded onto,
or unloaded from, said one or more motorized
carriages (C) carrying the locking devices (V),
up to a second end portion of said stationary
structure (2), wherein a plate (L) can be unload-
ed from, or loaded onto, said one or more mo-
torized carriages (C) carrying the locking devic-
es (V),

- in such a way that said motorized carriages(C)
are used:

- to move a plate in the longitudinal direction (X)
in order to take it from the plate loading area
(AO) to the working area (A),

- and also to move a plate (L) in the longitudinal
direction (X) in the working area (A), during the
execution of a work cycle, in such a way that,
during the processing of a plate (L) retained by
means of said locking devices (V), the relative
movements of the working head (H) with respect
to the plate (L) along said longitudinal direction
(X) are obtained by means of a movement of
said one or more motorized carriages (C),

- and also to move a plate in the longitudinal
direction (X) in order to take it from the plate
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working area (A0) to the plate unloading area
(A),

A work center according to claim 1, characterized
in that said working head (H) is mounted vertically-
movable on a carriage (6) which is - in turn - hori-
zontally movable in the aforesaid horizontal trans-
verse direction (Y) on a bridge-like cross-member
(4), having opposite ends supported by said station-
ary structure (2) in an elevated position above the
horizontal working surface (3).

A work center according to claim 2, characterized
in that said bridge-like cross-member (4) is rigidly
connected to the stationary structure (2).

A work center according to claim 1, characterized
in that it comprises a plurality of carriages (C) car-
rying the locking devices (V), arranged aligned with
each other along said longitudinal direction (X) and
displaceable independently from each other along
said longitudinal direction (X), by means of respec-
tive electric drive motors (M).

A work center according to claim 1, characterized
in that the locking devices (V) associated with each
motorized carriage (C) consist of a horizontal copla-
nar array of upwardly facing vacuum-operated suc-
tion cup units (V).

A work center according to claim 5, characterized
in that the horizontal working surface (3) of said sta-
tionary structure (2) is provided with support and
guide members (R, CN), in the form of rollers (R) or
pads or conveyor belts (CN), to support and guide a
plate (L) during its movement in the longitudinal di-
rection on the working surface (3), and

in that the suction cup units (V) are movable be-
tween a lowered rest position and a raised operative
position, wherein they are able to engage the lower
surface of a plate (L) supported on said support and
guide members.

A work center according to claim 6, characterized
in that said motorized carriages (C) are aligned with
each other along a longitudinal direction and are ar-
ranged on one side portion of said horizontal working
surface (3) and in that said support and guide mem-
bers are rollers (R) or pads arranged in longitudinal
arrays which are mutually spaced apart in the trans-
verse direction, on an opposite side portion of said
horizontal working surface, on one side of the aligned
series of motorized carriages (C).

A work center according to claim 7, characterized
in that each of said motorized carriages (C) carries
suction cup units (V) arranged in longitudinal lines
mutually spaced apart from each other in a trans-
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verse direction and that supportdevices (15) are pro-
vided between said lines, for supporting a plate (L),
said support devices being movable between a low-
ered rest position and a raised operative position.

A work center according to claim 1, characterized
in that it comprises at least one electronic controller
(E) for controlling electric drive motors (M) driving
the aforesaid motorized carriages (C), and in that
said electronic controller (E) is programmed in such
a way that, in a preliminary loading step of a plate
(L) on the horizontal working surface (3), the control-
ler (E) receives information on atleastone parameter
indicative of alongitudinal dimension of the plate (L),
and controls the advancement of said carriages (C)
in said longitudinal direction (X) by respective pre-
determined travel lengths, so as to distribute the car-
riages (C) along the plate (L).

10. A work center according to claim 10, characterized

in that said electronic controller is programmed in
such a way that:

- in said plate-loading step (L), after a plate has
been positioned on the working surface (3)
above the said motorized carriages (C) carrying
the suction cup units (V), the electronic controller
(E) initially activates the suction cup units (V) of
at least one first carriage (C), which is located
more forward in the direction of the working area
(A) with respect to the remaining carriages, so
as to engage said suction cup units on the plate,
and then control the advancement of said first
carriage (C), to cause advancing of the plate (L)
on the working surface (3),

- during and/or after said advancing movement
of the first carriage, the remaining carriages are
made to advance to the aforesaid respective
predetermined positions, distributed along the
length of the plate, the suction cup units (V) of
each of said remaining carriages being activated
and engaged on the plate after the respective
carriage has reached its predetermined ad-
vanced position.

11. A work center according to claim 10, characterized

in that said electronic controller (E) is programmed
in such a way that:

- after completing said loading step, when the
motorized carriages (C) carrying the suction cup
units (V) have been distributed along the length
of the plate and have their suction cup units ac-
tivated andin engagementon the plate, the elec-
tronic controller (E) controls a series of synchro-
nous movements of all the carriages (C) to im-
part the necessary movements to the plate (L)
in the aforesaid longitudinal direction (X) during
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the execution of a cycle of processing operations
on the plate by said working head (H).

A work center according to claim 10, characterized
in that said electronic controller (E) is programmed
in such a way that:

- in a final unloading step of the plate (L) from
the work center, the suction cup units (V) of the
motorized carriages (C) previously used to
move the plate (L) in the longitudinal direction
(X) are deactivated, with the exception of the
suction cup units (V) of at least one carriage (C),
located in the rearmost position, with reference
to the plate advancement direction,

- after which an advancement of said last car-
riage (C) is commanded in the direction of an
unloading area (AF) of the work center, in order
to feed the plate (L) towards said unloading area
(AF).

A work center according to claim 1, characterized
in that said work center further comprises a trans-
verse position-locating device (14) for locating a
plate (L) in position on the working surface (3) along
the transverse direction (Y), said transverse position
plate-locating device (14) comprising a longitudinal
bar (140) having guide elements (141) for engaging
with a side edge of the plate (L), and displaceable
against said side edge of the plate (L) in the aforesaid
transverse direction (Y), said work center having an
electronic controller (E) programmed to operate the
transverse displacement of said bar (140) in a step
wherein a plate (L) has been received on the working
surface (3) and is not yet engaged by said locking
devices (V), so as to push the plate (L) transversely
to a strictly predetermined position, in which said bar
(140) constitutes a zero-line, or also called faith line,
for the subsequent advancement of the plate (L) in
the work center.

A work center according to claim 1, characterized
in that a machine (70; 72) is associated with said
work center for automatically loading a plate (L) onto
aloading area (A0Q) of the work center and/or for au-
tomatically unloading a plate (L) from an unloading
area (AF) of the work center.

A work center according to claims 3 or 4, character-
ized in that on the stationary structure (2) of the work
center at least one tool magazine (U; U1, U2) is sup-
ported, which is displaceable in the longitudinal di-
rection (X) with respect to said stationary structure
(2) and in that the work center is equipped with an
electronic controller (E) programmed to command a
movement of said at least one tool magazine (U; U1,
U2) in the longitudinal direction (X) and a movement
of said head (H) in the transverse direction (Y) and
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in the vertical direction (Z) in order to arrange the
working head (H) at the magazine, for an automatic
tool change operation, said working head (H) com-
prising a motorized spindle (8), to which an attach-
ment shank (9) of a tool (G) can be removably cou-
pled by means of a coupling device configured to
enable an automatic tool replacement.

A work center according to claim 1, characterized
in that it comprises two working heads (H) and two
series of motorized carriages (C) for simultaneously
feeding two plates (L) towards respective working
areas of said working heads (H).

A work center according to claim 1, characterized
in that it further comprises a lower head (LH) sup-
ported by the stationary structure (2) of the work cent-
er so as to be movable in the aforesaid horizontal
transverse direction (Y) and carrying a motorized
spindle for operating a tool (300) intended to operate
on a plate (L) from the lower side of the plate.

A work center according to claim 15, characterized
in that the structure of said lower head (LH) carries
a revolver device (30) which supports a star-like ar-
rangement of tools (300), said revolver device (30)
being rotatable about an axis parallel to said trans-
verse horizontal direction (Y) to arrange a selected
tool in an operative working position.

A work center according to claim 4, characterized
in that said motorized carriages (C) each carry one
or more transverse rows of locking devices (V), the
locking devices being aligned in transverse direc-
tions with respect to said longitudinal direction (X),
and that each carriage has a dimension in the lon-
gitudinal direction (X) equal to or less than the di-
mension in the aforesaid longitudinal direction (X) of
the locking devices (V) carried by said carriage.

A work center according to claim 2, characterized
in that in said loading area (AO) and/or in said un-
loading area (AF), the horizontal working surface (3)
of said stationary structure (2) is provided with an
array of conveyor belts (CN) parallel and spaced
transversely from each other, to support and guide
a plate (L) during its movement in the longitudinal
direction when entering and/or exiting from the work-
ing surface (3),

in that the said conveyor belts (CN) are movable
between a lowered rest position and a raised oper-
ative position, wherein they are able to engage the
lower surface of a plate (L) so as to support the plate
and transfer the plate in the longitudinal direction,
and

in that the locking devices carried by the motorized
carriages (C) are suction cup units (V) that can be
displaced in the spaces between the conveyor belts
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(CN) between a lowered rest position and a raised
operative position, wherein the suction cup units are
able to engage the lower surface of a plate (L) sup-
ported on said conveyor belts (CN).

A work center according to claim 20, characterized
in that said motorized carriages (C) are aligned with
each other along a longitudinal direction, and are
arranged on one side portion of said horizontal work-
ing surface (3), and in that said conveyor belts (CN)
also cover a side portion of said horizontal working
surface next to the aligned series of motorized car-
riages (C)

A work center according to claim 20, characterized
in that each of said motorized carriages (C) carries
suction cup units (V) transversely spaced apart from
each other and that each carriage is provided with
support devices (15) for supporting a plate (L), mov-
able between these suction cup units between a low-
ered rest position and a raised operative position.

A work center according to claim 10, characterized
in that said electronic controller is programmed in
such a way that after the carriages (C) have been
arranged in the aforesaid respective predetermined
positions, distributed along the length of the plate,
selected suction cup units (V) are activated for se-
lected carriages, depending on the shape and size
of the plate to be processed and the operations to
be performed on the plate.

A work center according to claim 1, characterized
in that it comprises two lower heads (LH), two upper
heads (H) and two series of motorized carriages (C)
for simultaneously feeding two plates (L) towards two
respective areas of work of said heads (L, LH).

A method for processing glass plates, plates of stone
material or plates of synthetic material, comprising:

- providing a work center (1) with a stationary
structure (2), defining a horizontal working sur-
face (3), a plurality of locking devices (V), for
retaining a plate (L) in a horizontal position
above the, and at a distance from, the horizontal
working surface (3), at least one working head
(H) carriedin an elevated position above the hor-
izontal working surface (3) and capable of per-
forming relative movements - with respect to a
plate (L) retained by said locking devices (V) -
in a horizontal longitudinal direction (X), in a hor-
izontal transverse direction (Y) orthogonal to the
longitudinal direction, and in a vertical direction
),

wherein one or more motorized carriages (C)
carrying said plurality of locking devices (V) and
movable in the aforesaid horizontal longitudinal
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direction (X)with respectto said stationary struc-
ture (2) are arranged on the stationary structure
(2) of the work center,

said method being characterized in that said
motorized carriages (C) are moved through a
working area (A) of said work center, starting
from a first end portion of said stationary struc-
ture (2), wherein a plate (L) can be loaded onto,
or unloaded from, said one or more motorized
carriages (C) carrying the locking devices (V),
up to a second end portion of said stationary
structure (2), wherein a plate (L) can be unload-
ed from, or loaded onto, said one or more mo-
torized carriages (C) carrying the locking devic-
es (V),

- in such a way that said motorized carriages(C)
are used:

- to move a plate in the longitudinal direction (X)
in order to take it from the plate loading area
(AO) plate to the working area (A),

- and also to move a plate (L) in the longitudinal
direction (X) in the working area (A), during the
execution of a work cycle, in such a way that,
during the processing of a plate (L), retained by
means of said locking devices (V), the relative
movements of the working head (H) with respect
to the plate (L) along said longitudinal direction
(X) are obtained by means of a movement of
said one or more motorized carriages (C),

- and also to move a plate in the longitudinal
direction (X) in order to take it from the plate
working area (A) to a plate unloading area (AF),

26. A method according to claim 25, characterized in

that said motorized carriages (C) are arranged
aligned with each other along a longitudinal direction
(X), and are movable independently of each other,
and

in that in a preliminary loading step of a plate (L) on
the horizontal working surface (3), the advancement
of said carriages (C) in said longitudinal direction (X)
is controlled through predetermined independent
travel lengths, in order to distribute the carriages (C)
in respective advanced positions spaced apart from
each other, so as to distribute them along the length
of the plate, before commanding the engagement of
the plate by the locking devices (V) carried by said
carriages (C).

27. A method according to claim 28, characterized in

that after the carriages (C) have been arranged in
the aforesaid respective predetermined positions,
distributed along the length of the plate, selected
suction cup units (V) of selected carriages are acti-
vated, depending on the shape and size of the plate
to be processed and the processing operations to
be performed on the plate.
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A method according to claim 25, characterized in
that said one or more motorized carriages carrying
the locking devices (V) are also used to support
waste portions of the glass plates resulting from
processing operations on the plates (L).

A method according to claim 28, characterized in
that said locking devices (V) are suction cup units
(V), which engage a waste portion in their raised op-
erational position and then move to theirlowered rest
position, wherein they keep the waste portion spaced
apart from the working area.

A method according to claim 25, characterized in
that sensors are arranged along the longitudinal di-
rection for detecting the presence of the plate, able
to detect the plate dimension in the longitudinal di-
rection (X), in order to communicate this information
to the electronic controller, to help the correct posi-
tion of the carriages (C) to be determined.

A method according to claim 25, characterized in
that at least one sensor is arranged in the working
area (A), which is capable of detecting an initial po-
sition of the plate along the longitudinal direction (X),
before the start of a cycle of processing operations.

A method according to claim 25, characterized in
that an automatic measurement system detects the
dimensions of the plate in the advancing direction X
and in the transverse directions Y and Z, and com-
municates the data collected thereby to a central
electronic controller.

A method according to claim 33, characterized in
that the sensor capable of detecting the initial posi-
tion of the plate along the longitudinal direction co-
operates with a portion of the plate located sufficient-
ly far away from an edge between the plate lower
surface and a vertical side surface of the plate, so
as to avoid detection of metal scraps present on the
plate following previous cutting processes, said sen-
sor being configured and arranged to cooperate with
an upper part of the thickness of the plate being proc-
essed (L).
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