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(57) Abstract

The mechanical hand (16) comprises, on one hand, a zone (46) for the support and sliding of a panel or slab (SP) in a horizontal
working plane (WP) and, on the other hand, a handling gripper (36) which can move horizontally along and across the whole range of said
supporting and sliding zone (46). The gripper (36) has a lower jaw (40) located below the working plane (WP). The support and sliding
zone (46) is defined by retractable members consisting of an armray of vertically moving pillars (48) with each of which are associated
positive control means for causing them to perform selectively a travel independently of that of the other pillars between a raised position
in which one of its upper support and sliding surfaces is in the working plane (WP), and a lowered position in which the surface is at a
level which is lower than that of the lower jaw (40) of the gripper (36). Control means are provided which interconnect the means (Mx,
My, Mz) for controlling the movement of the gripper (36) and the means for controlling the movements of each support (48) such that,
when the gripper (36) passes through and stops in the zone (46) of the pillars (48), the pillars (48a) which are in correspondence with or
in the vicinity of the gripper (36) are lowered such that they do not interfere with its lower jaw (40) whilst the other pillars (48) are raised
in order to hold the panel (SP).
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Mecnanical hangd for moving plates, in particuiar sheet metal sarels,

wilh respect to a macnine tool such as o bendireg press

The present invention relatas fo_a
mechanical hand for mcoving plates dccording ts the

preamble of Claim 1.

e document EP~A-0 482 702 (= US-8-5 180 049) giceloses 4
mechanical hand for the movement Df—mEtal_QheﬂtﬁAﬂkhZESQ%t
to a punching machine and/or shearing machine in
which the support and sliding zone of the slab ip
the working plane comprises, as retiactable
merbers, a plurality of parslliel ro%s of upwardly
directed bristles and the upper end% of which lie
in the working plane. A handling g%ipper
comprises & lower jaw situated belo% the working
plane or in a position in which it interferes with
the bristles. when the manipulatiné gripper
travels through the bristle zone, tﬁo brisztles
bend elastically under the thrust o% the lower jaw
whilst the surrounding hristles rem%in erect ard

Suppotl. Lhe metal sheet.

The solution according to the document

EP-A-0 482 702 offers the advantage, with respect
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to the mechanical hands xmomﬁ&gxméﬂw ert preceding this
document, of enabling the gripper ﬁo reach

positions which are very clcse té the tools of a
machine tool. However, this iz affected by g

regtriction of the height dimensions of the lower

sible

ity

jaw of thea gripper: it is not, in fact, oo
for the bristles to be highor than 2-3 ¢m sincs,
if they were higher, they would be #nn flexible
and would bend under the welght of%thc moEnk sheet
sxh that tre latter would no ionger hbe Suéported exactly

in the working plane.

A restriction of the height of the lower
jaw of the gripper implies a restriction of its
strength which is manifested by the impossibility

of hendling relatively heavy metal%ﬁheets.

The object of the presentginvention 18 to
produce a mechanical hand of the tip@ in guestion
which does not have this limitatioﬁ,thatis enables a
handling gripper to be used which iﬁ—provided with
a lower juw which has a relatively%larqe height
and is consequently sufficiently rdbust to be able
to manipulate sheet metal panels, &r plates of
another type, of relatively great @eight, whiltst
conserving the advantageous possibﬁlityxaf moving
the gripper close to the &mlsor'mmémmﬁﬁne,for@xamﬂe

t¢ the blades of a hending press.
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According'to the present invention, this object is
achieved by means of a mechanical hand of the type in
question which is essentially defined in the characterizing
part of Claim 1.

By virtue of the claimed solution, the height of the
lower jaw of the gripper can have any value and is only
restricted by the extent of the upward and downward travel
of the pillars which can even be approximately 10 cm.

A further advantage of the invention is providad by
the possibility of associating the mechanical hand with a
bending press arranged so as to produce direct downward
folds in a sheet metal panel. In this case, the control
means can be programmed such that they lower the pillars
which are in correspondence with or in the vicinity of- a
direct downward fold such that they do not interfere with
the latter whilst the other pillars are raised so as to
support the panel in the working plane.

A mechanical hand having the features described in the
preamble of Claim 1 and retractable members in the form of
an array of vertically moving pillars is described and
shown in document EP-A-0 561 443 of the same Applicant,
which was not published on the priority date of the present
Application.

The invention has been developed with respect
to its application to a mechanical hand for moving
sheet metal panels with respect to a bending press
but its application can also be extended to the
moving of other types of plates, not necessarily

SUBST!TUTE SHEET (RULE 26)
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of sheet metal, and to other machine tools such as

punching machines and shearing machines.

The invention will be better understood
from the description which follows of a
preferred embodiment, illustrated in the appended
drawings, given by way of non-limiting example and

in which:

Figure 1 is a schematic side elevation
view of the unit comprising a bending press for
metal sheets and a mechanical hand according to

the invention;

Figure 2 is a plan view from above of the

mechanical hand;

Figure 3 is an elevation view partially
in section of one of the pillars which define the

- working plane of the mechanical hand;

Figure 4 is a schematic representation
illustrating the control system of the mechanical

hand; and

Figure 5 is a schematic side elevation
view similar to Figure 1, representing a different

working position of the mechanical hand.
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Figure 1 illustrates a double-action
bending préss, generally designated 10, which may
be of the type illustrated in the document US-a-4

836 004.

The bending press 10 substantially
comprises a robust C-shaped frame 12 which carries
a group of fixed andmobile blades and counter-blades,
generally indicated 14, for the details of which

reference is made to the above US document.

In Figure 2, the trace of the folds made

by the group of tools 14 is indicated WL.

Returning to Figure ], the working plane in
which a sheet metal panel SP is supported, the
edges of which are to be folded in the press 10,

is indicated WwP.

Referring to Figures 1 and 2, a
mechanical hand, generally indicated 16, comprises
a base 18 along which a slide 20 with a cantilever
upper arm 22 can move towards the press 10 and in
the opposite direction, according to the double

arrow A.

The movements of the slide 20 according

to the double arrow A are controlled from a
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numerically controlled stepper motor Mx which in
turn controls a worm screw shaft 24
carried by the base 18 and associated with a lead screw

25 integral with the slide 20.

At its free end, the upper arm 22 of the
slide 20 carries a transverse guide 26 to which a

slide 28, which can move transversely according to

the double arrow B of figure 2, that is parallel to the working
~ line WL of the press 22, is slidingly coupled.

The transverse horizontal movements of
the slide 28 are controlled from a numerically
controlled stepper motor My carried at the free

end of the arm 22.

The slide 28 in turn carries a slide 30
which moves vertically according to the double
arrow C. The slide 30 carries an assembly 32
which comprises a vertical shaft 34 with a lower
gripper 36, of known type, which in turn comprises
an oscillating upper jaw 38 and a lower jaw 40

which is rigidly integral with the shaft 34.

A stepper motor Mz controls the rotations
of the gripper 36 about the vertical axis of the

shaft 34.
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The gripper 36 is thus arranged sc as to
grasp a sheet metal panel SP in the horizontal
working plane WP and transport it lonéitudinally
and transversely that is forwards and backwards
relative to the working line WL and parallel to
this line, under the action of the two motors, Mx
and My respectively, as well as causing the panel
SP to rotate about the vertical axis of the shaft

34 under the action of the motor Mz.

In the part further away from the press
10, the working plane WP is defined by fixed
horizontal tables 42 provided, in known manner,

with arrays of supporting and sliding balls 44.

In accordance with the invention, the
working plane WP comprises a particular support
and sliding zone for the plate or panel SP, which
extends in front of the press‘lO and to the sides
of the slide 20. This particular zone is

generally indicated 46.

The zone 46 is defined by a plurality of
retractable members 48 disposed in rows and
columns, preferably, as illustrated, in the two
perpendicular directions corresponding to the
double arrows A and B showing the horizontal

movement of the gripper 36.
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The structure associated with each pillar

48 will now be described with reference to Figure

3.

With reference to Figure 3, each row (or
each column) of pillars 48 is supported by a
tubular element 50 (shown in Figure 4) which, as
will be seen better below, acts as a compressed

air feed collector.

Each pillar 48 comprises a body 52
supported by the collector 50 via a switching

solenoid valve 54.

The body 52 defines a vertical cylinder
56 in which a stem 58 having a piston-like lower

part 60 can slide vertically.

At the top, the stem 58 has a mushroom-
like head 62 which has a ball 64 which can rotate
freely on the head 62 as a support and sliding

surface for the panel ST.

The unit formed by the stem 58, its piston
60 and the cylinder 56 constitutes a double-action
pneumatic actuator for controlling the ascent and

descent of the head 62.
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The solenoid valve is of the type having

two poéitiohs for controlling alternately the
passage of the compressed air from inside the
collector 50 to the lower side of the piston 60 by
meansnof a duct 66 and to the upper side of the
piston itself via a duct 68 provided in the body

52.

The arrangement is such that, when the
compressed air is admitted below the piston 60,
the pillar 48 is raised,and its upper support and
sliding surface formed by the ball 64 is in the
working plane WP of Figure 1; in contrast, when
the atmospheric pressure acts on the piston 60,
the pillar 48 is lowered and its upper support and
siiding surface is at a level lower than that of

the lower jaw 40 of the gripper 36.

In Figure 1 it can be seen that all the
pillars indicated 48 are in the raised position
whilst two pillars, indicated 48A, are in the

lowered position below the gripper 36.

With reference to Figure 4, the block NC
indicates a numerical control apparatus which
controls the movements of the three motors of
Figure 1, illustrated schematically in Figure 4

and again indicated Mx, My and Mz.
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In known manner, the apparatus MC knows
at any moment both the linear and angular
positions of the handling gripper 36 on the basis
of the commands supplied to the three motors Mx,

My, Mz.

On the basis of these positions of the
gripper 36, the apparatus NC controls the solenoid
valves &4such that, when the gripper 36 passes

~through and stops in the pillar zone, the pillars
48a which are in correspondence with or in the
vicinity of the gripper 36 are lowered so as not
to interfere with its lower jaw 40 whilst the
other pillars 48 are kept raised in order to

support the plate or panel SP.

Figure 5, which is similar to Figure 1,
illustrates a further possibility provided by the

invention.

In Figure 5, the parts which are
identical to those of Figure 1 are indicated by

the same reference signs.

In Figure 5, a sheet metal panel being
worked in the press 10 is again indicated SP. The
press 10 has performed a direct downward fold LB

on the panel SP which, in the absence of other
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devices, would interfere with the pillars 48 in

the raised position.

The pillars lowered below the gripper 36

are again indicated 48a in Figure 5.

A lowered pillar below the fold LB,

however, is indicated 48b.

In order to obtain this result, the
control apparatus NC of Figure 4 is disposed such
that, when a direct downward fold such as LB
passes through the stops in the zone of the
pillars 48, the pillars 48b which are in
correspondence with or in the vicinity of the fold
itself are lowered so as not to interfere with

this fold.

Naturally, the invention is applicable to
a handling system having two or more grippers, for
example, for moving plates or panels between two
Or more presses arranged for folding different

edges of a panel.
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CLAIMS

1. A mechanical hand for moving plates,
particularly sheet metal panels (SP), with respect to a
machine tool such as a bending press (10), which is
adapted o work on the plate' in a horizontal working

plane (WP), in which the mechanical hand (16)
comprises,on one hand, a zone (46) for the support and
sliding of the plate (SP) in the working plane
(WP), which zone is defined by a plurality of
retractable members (48), and, on the other hand, at least
one handling gripper (36) which is adapted to grasp the
plate (SP) in the working plane (WP) and is

movable horizontally along and across the whole
range of the zone (46) of the working plane (WP)
defined by the retractable members (48), and

having a lower jaw (40) which is located below the
working plane (WP) and which can pass through the
above zone (46) by the retraction of the
retractable members (48) as it passes, and means
(Mx, My) for controlling the moverents of the gripper (36),
characterised in that the retractable members
consist of an array of vertically moving pillars
(48) each having an upper surface (64) for the
support and sliding of the plate (SP) and to each
of which are secured positive control means (54)

in order to cause them to perform selectively a

travel which is independent of that of the other
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pillars (48) between a raised position in which
its upper support and sliding surface (64) is in
the wofking plane (WP) and a lowered position in
which its upper surface is at a level which is
lower than that of the lower jaw (40) of the
gripper'(36), and in that control means (NC) are
provided which interconnect the means ‘(Mx, My) for
controlling the movements of the gripper (36) and
the means (54) for controlling the movements of
each pillar (48) such that, when the gripper (36)
passes through and stops in the zone of the
pillars (48), the pillars (48a) which are in
correspondence with or in the vicinity of the
gripper (36) are lowered such that they do not
interfere with its lower jaw (40) whilst the other
pillars (48) are raised in order to support the

plate (SP).

2. A mechanical hand according to Claim 1,
characterised in that the gripper (36) is
rotatable about a vertical axis and means (Mz) are
provided for controlling its rotation, these means
(Mz) also being interconnected with the means (54)
for controlling the movements of each pillar (48)

via the said control means (NC).

3. A mechanical hand according to Claim 1 or

Claim 2 for a bending press (10) which can make
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downwardly directed folds (LB) in sheet metal panels
(SP) characterised in that the control means (NC)
are such that, when a downwardly directed fold (LB)
passes through and stops in the zone of the
pillars (48), the pillars (48b) which are in
correspondence with or in the vicinity of the fold
(LB) are lowered so as not to interfere with the

latter.

4. A mechanical hand according to any one of
the preceding claims, characterised in that the
means controlling the pillars (48) include
respective double-action pneumatic actuatofs (56,
60), each of which is associated with a respective
switching solenoid valve (54) which is dependent

on the control means (NC).

5. A mechanical hand according to any one of
the preceding claims, characterised in that each
pillar (48) is provided with a mushroom-like head
(62) which forms the respective support and

sliding surface (64).

6. A mechanical hand according to Claim 5,
characterised in that the support and sliding
surface is defined by a ball (64) which is freely

rotatable on the mushroom-like head (62).
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7. A mechanical hand according to any one of
the precediné claims, characterised in that the
control means (NC) are of the numerical type, the
means for controlling the gripper consist of
numerically controlled electric motors (Mx, My,
Mz) and the numerical control means (NC) have
signal outputs connected to the individual means

(54) for controlling the pillars (48).
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