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SYSTEM FOR FORMING LAYERS OF PACKAGES TO BE PALLETIZED, AND
PALLETIZATION PLANT THEREOF

Fivelld_of the invention

Tﬁe present ih;/ention relates to a system of forming layers of packages to be

palletized for a palletization plant, and to a pallstization plant thereof.

State of the art .

Some "types of "palletization plant solutions, needed to group loads terther so as
to optimlze their positioning on a pallet, are known. All systems have a belt
conveyor or similar means in common, which conveys loads, packages or
generaliy blocks of objects to a handling zone, so as to form the conflguratlon
WhICh best occuples the surface of a pallet.

A type of plant provides for a mechanical arm gripping only one package by
Ilnearly moving it on a pallet in the correct position. ,
Such a solution does not ensure high performance in terms of handling speed and
its performance is absolutely modest in relation to the current production cycle
needs. . ( ‘

Another type prowdes for a belt conveyor conveying the packages to a handling
zone Where they are singularly translated and/or rotated to be transported by the
s}g__m‘e belt conveyor or by a different one onto the pallet.

Ina known plant of this second type, a second belt is arranged over and parallel to
a . first belt- conveyor which conveys the packages, which second belt
synchronously conveys handling means with respect to the movement of the
packages. Each handling means may move only one package and comprises a
gripper capable of rotating about the symmetry axis thereof and to translate
transversally with respect to the movement direction of the belt conveyors. In order
to ensure high productivity, such a solution needs a high number of handiing
means which makes the plant highly complex and large in size.

Whereby a first problem is to limit the dimensions of the system without reducing
the productivity of the palletization system.

But the main technical problem is that the known systems are not easily adaptable
to a large variety of dimensions of the packages, especially when it is intended to
pack sets of packages of different width and/or depth together as the height of
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every layer made on a pallet is generally homogenous because the packages
defining a layer have a same height.

Summary of the invention

It is., an object of the present invention to provide a system of formlng Iayers of
packages to be palletized, adapted to solve the aforesaid problems.

Itis ah ob_jecf of the present invention a system for forming layers of packages to
be palletized, said paekages being able to be fed on longitudinal conveyor means,
the syetem; a_ceofding to claim 1 comprising:

- at least one robot controlling a limb,

- a multiple gripping head for gripping at least two packages, coupled at a first end
of said Iimb ‘

sald multlple grtppmg head being provided with

- a supporting element, adapted to rotate about a first rotation axis a,

- two or more ‘grippers pivotally associated with the supporting element each
grlpper belng adapted to rotate about a respective second rotation axis B,

wherein the robot is provided with translation and rotation movements so es to
move the grfpping head between a gripping zone and a releasing zone of
packeges_,v_s‘aibd}grippi»ng and releasing zones being defined at a portion of said
longitudinal conveying means, | |

and \A/vherei'rj} said first rotation axis a and said second rotation axes B are parallel
to one another and the rotétion_ of each gripper about the respective second axis
is‘ independenf from the rotation of the other grippers,

whereby the packages taken by said grippers may be translated and/or rotated
about said second rotation axes B in a reciprocally independent manner and/or
rotated about said first rotation axis a.

‘The robot is advantageously provided with synchronization means for

synchronizing the movements of the gripping head with at least two packages
being fed on said longitudinal conveying means. Said synchronization means
comprise at least one sensor adapted to detect the packages being fed towards
the gripping zone and transmit a trigger signal to a first encoder included in an
actuating motor of at least part of the longitudinal conveying means on which the
layer of packages is formed; said first encoder being adapted to send a speed and
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position reférence signal of the packages to the robot.

Actuating means for actuating the rotation motion of respective grippers and of the
supporting element are included. Said actuating means comprise brushless
motors and the robot is provided with motion transmission axes for trénsmitting a
rotation to the respective grippers and to the supporting element, respectively. A
The brushless motors are provided with respective second encoders. The first and
the second eﬁdod‘ers may be incremental encoders.

According to an aspect of the invention, said system is best applied when said
supporting element is formed by a flat plate kept in the horizontal position with
respect to the plane defined by the conveying means underneath.

According to a further aspect of the invention, said system is best applied when

~ said supporting element is adapted to rotate about a rotation axis thereof parallel

to the rotation axes of the grippers.

Ea(_:h gripper is advantageously adapted to rotate about a rotation axis thereof,
possibly coinciding with the symmetry axis of said grippers, and to revolve about
the rotation axis of the horizontal supporting plate with which it is pivotally
associated or coupled, so that two or more packages may rotate about themselves
|n an independ_ent manner while being translated when they are fed on the belt
conveyor. |

A further object of the invention is to provide a palletization plant of modest
dimensions and high pfodqction capacity.

It is a further object of the present invention a palletization plant according to claim
17.

The dependent claims describe preferred ém_bodiments of the invention forming an
integral part of the present description.

Brief description of the drawings

Further features and advantages of the present invention will be apparent in the
light of the detailed description of a preferred, but not exclusive, embodiments of a
system of forming layers of packages to be palletized, and of a palletization plant
thereof illustrated by way of non-Iimitati\(e example, with the aid of the
accompanying drawings, in which:

Fig. 1 shows a side view of a multiple gripping head,
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Fig. 2 shows a top view of the multiple gripping head in Fig. 1,

Fig. 3 shows a side view of a palletization plant comprising a multiple gripping
head according to the preceding figures,

Fig. ;4'shows a plan view of the palletization plant in figure 3,

Fig. 5 and 6 show variants of the plan view in figure 4,

Fig. 7 sh_ov_vs a. variant in which the layering zone of a group is at 90° with respect
to a handling diréction for the packages to be palletized.

The same reference numbers and letters in the figures refer to the same elements
or components.

Detailed description of preferred embodiments of the invention

A gripping head 1 according to the present invention may be advantageously used
to independently rotate two or more packages belonging to an equal number of
pa_c_[(_age alignments, leaving the subsequent formation of the layer to be made by
means of one or more pushers 20.

A'multi.ple gripping Ihead 1 in accordance with the present invention comprises a
supporting element 11, e.g. a flat plate, adapted to rotate about a first rotation axis
a. Two or more grippers 12 are pivotally associated with said supporting element
11, so that each gripper is adapted to rotate about a rotation axis B thereof, .g. a
symmetry_a_xis thereof, said rotation axes a and B being parallel to each other.

In other words, each gripper 12 is adapted to rotate about a preferably vertical
rotation axis B thereof and revolve about the rotation axis a of the supporting
element 11 (preferably vertical as well) with which it is pivotally associated.
Furthermore, for the specific use, the supporting element 11 is preferably a flat
plate.

Thereby, each gripper 12 grips a package comprising one or more objects, e.g.
bottles for beverages, and rotates and/or translates it by virtue of the combination
of its rotation and revolution motions. .
Furthermore, each gripper 12 grips packages and rotates about its rotation axis B
independently from the others, comprising actuating means thereof. Said actuating
means advantageously comprise brushless motors with incremental encoder,
which solution ensures the perfect movement interpolation and synchronism.

According to another preferred embodiment (not shown), two or more grippers 12
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are pivotally associated with said supporting element 11, one of which grippers
has a rotation axis 8 coinciding with the rotation axis a of the supporting element
11. In this case, such a gripper would be the only one not to perform a revolution
motion about said axis a, but to perform only a rotation.

A palletization plant in accordance with the present invention comprises
longitudinal conveying means of the packages to be palletized, comprising at least
one belt conveyor and a robot provided with a limb 2, e.g. a mechanical or
electromechanical limb. Said limb 2 comprises a cinematic chain. In particular, it
comprises an arm 23, a forearm 24, an elbow 25 and a wrist 26.

In figure 3, such a limb 2 is shown in two positions taken during its handling.

Such a I_imb 2 has a first end 21 pivotally constrained to the ground, preferably
restrained to a éupporting structure 7 fixed to the ground which surmounts part of
the longitudinal conveying means of the packages and, by comprising a kinematic
chain, may extend and retract so as to able t0 move a second end 22 thereof
along an entire portion of the longitudinal package conveying means. Said multiple
gripping head 1 is pivotally associated with the second end 22 of the robot limb 2.
The rotation of each gripper 12 of the gripping head 1 is independent from the
rotation of the other grippers of the same head 1. The management of the rotation
of grippers 12 and supporting plate 11 itself is integrated in the robot (two
supplemenfa_ry, robot axes are provided corresponding to respective grippers 12)
andv ensg‘Jres the perfect rotation movement interpolation and accuracy.

The multiple gripping head 1 is translated by the robot by means of the mechanical

. limb 2 on the belt for forming the layer of packages, to be later transferred to a

layer accumulation pallet, along two axes x and y belonging to the plane defined
by said belt, perfectly synchronized with the package or packages to be handled.
The gripping head 1 may be also coupled to the end 22 of limb 2 by means of a
joint so as to allow any spatial movement to the gripping head itself.

In particular, the robot is advantageously provided with eight axes:

- a first axis is that of the robot foot, i.e. the axis which allows the rotation of the
whole body of the robot;

- second and third axes allow the forward and backward inclination of arm 23 and
forearm 24 of the limb 2 of the robot (Fig. 3);
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- a fourth axis allows the rotation of the farearm 24 with respect to the elbow 25 of
limb 2;

- a fifth axis allows the oscillation of the gripping head 1, and thus of the supporting
element 11, with respect to the wrist 26 of limb 2;

- a sixth axis allows the rotation of the supporting element 11 about the rotation
axis a;

- the seventh and eighth axes are the aforesaid two supplementary axes of the
robot which allow the rotation of the respective grippers 12 about the rotation axes
B.

All robot axes are coordinated so as to ensure that the supporting element 11 is
always arrangéd parallel to a plane defined by the longitudinal conveying means of

‘the packages 6.

The synchronization between the robot, i.e. the gripping head 1, and the package
to be handle occurs by means of a trigger signal (object detection) triggered by at
least one appropriate sensor, e.g. at least one photocell, which detects the
packages being fed towards the gripping zone. Said trigger signal is transmitted to
an incremental encoder provided in the actuating motor of the belt on which the
layer is formed. A signal sent by said encoder acts as a speed and position
reference of the packages and is used by the robot to calculate and control the
tracking of each single package to be handled.

‘The robot may be thus perfectly “coupled” by means of the grippers 12 of the

gripping head 1 with at least two packages 6 being handled at a relative speed

equal to zero.

All robot axes, included the rotation axes of grippers 12 and of supporting plate 11
are actuated by brushless motors, independent from one another, provided with
incremental encoders so as to ensure the perfect interpolation and synchronism of

‘movements. Both the incremental encoder included in the actuating motor of the

belt on which the layer is formed and the incremental encoders of the various
brushless motors are managed by a robot software. Other types of encoders may
be used alternatively to incremental encoders.

In a first preferred variant, the longitudinal conveying means of the packages 6
may comprise: ‘
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- at least one first belt conveyor 3 for feeding packages 6 from a production or
storage zone to the palletization plant;

- a second belt conveyor 8, following the first belt conveyor, over which at least
one robot provided with mechanical limb 2 works; said second belt conveyor 8
crosses a gripping zone 4 and a rel'easing zone 5 of the packages 6 handled by
the gripping head 1 associated with limb 2;

- at least one third belt conveyor, following the second belt conveyor, for
compacting the packages 6, released by the robot in a predetermined
configuration, towards a.palletization or stacking station.

The longitudinal conveying means of the packages may comprise, in a second
variant, a first belt conveyor for feeding packages from a production or storage
zone towards the palletization plant, and a second belt conveyor which
accommodates the packages unloaded from the first belt. Said second belt is
partiaily surmounted by the supporting structure of at least one robot and conveys

-the packages to the accumulation pallet of the package layers. Said at least one

robot. provided with a mechanical limb 2 and a gripping head 1 works at the

_gripping zone and at the releasing zone, both the zones being crossed by said

second belt (see example in Fig. 7).
The longltudmal conveying means of the packages 6 may comprise, in a third

variant, a single belt conveyor partially surmounted by the supporting structure of

at least one robot, which conveys the packages from the production or storage
zone towards the palletization plant to the package layer accumulation pallet. Said
at least one robot provided with a mechanical limb 2 and a gripping head 1 works
at the gripping zone and at the releasing zone both crossed by said single belt.
With particular reference to said first variant, corresponding to the embodiments in
Figures 3 to 6, the positioning of the mechanical limb 2 with respect to the second
belt conveyor 8 is such to allow it o move longitudinally with respect to the beit
conveyor 8 when extending and refracting the mechanical limb, and to move
transversally with respect to the feeding direction of the belt 8 by rotating about
said first end 21.

The belt conveyor 3 carries the packages 6 towards the gripping zone 4, to allow
the mechanical limb 2 to grip one or more packages 6, to rotate-translate them
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while retracting or longitudinally extending or rotating about said first end 21, and
to release them in the releasing zone 5. Such a releasing zone 5 may be provided,
in addition to on the second belt 8, on the single belt conveyor in the third variant

-described above or directly on the package accumuiation pallet.

In addition to independently rotating from the other grippers about its rotation axis
B and about the rotation axis a of the supporting plate 11, each gripper 12
advantageously translates and/or rotates according to the movements carried out
by the mechanical limb 2 about the second end 22.

With particular reference to Figures 3 to 6, being carried by a first belt conveyor 3,
the packages 6 reach the gripping zone 4, e.g. defined at a portion of the second
belt conveyor 8.

For example, the packages arrive on one row and appropriately spaced out one
from the other, or on two, three rows, etc. again appropriately spaced ouf from the

-preceding and following ones.

Then ‘the mechanical limb 2 synchronously moves, by means of the aforesaid

‘robot synchronization means, with the belt conveyor which crosses the gripping

zone 4 and the releasing zone 5 to take the packages 6 from said gripping zone 4

and carry them to said releasing zone 5.
‘The packages 8 are preferably laterally clamped by the grippers 12 and are

carried to the releasing zone 5 by sliding on the belt conveyor without being lifted.
Therefors, the gripping head 1 is preferably adapted to be lowered from the top by
the mechanical limb 2, so that the flat plate 11 with which the grippers 12 are
pivotally associated is parallel to the plane defined by the gripping zone 4.

When the gripping head 1 comprises two grippers 12, the robot grips two
packages 6 aligned to each other according to the feeding direction of the belt
conveyor 8, for example, and drags them in rotation-translation, so that they' may
also be side-by-side along a transversal direction to the feeding direction of the
belt conveyor 8, if the rotation of the supporting plate 11 is 90°.

If two packages 6 are required to be side-by-side and very close to each other, a
small rotation is imposed on the supporting plate 11 and an appropriate rotation is
imposed to the grippers 12, so as to keep the axes associated with the packages
parallel or orthogonal 1o each other, etc.; the belt conveyor 8 then carries and
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compacts them in the feeding sense thereof on belts 9 and 9’; a specific pusher 20

- then intervenes, which transfers the compacted layer to the stacking module.

Once the packages 6 have been released into the releasing zone 5, the
mechanical limb 2 is lifted clear and retums towards the gripping zone 4 at

~maximum speed, and the cycle is repeated.

The packages 6 released in the releasing zone 5 continue along the belt and are
accumulated according to a configuration required by a palletization diagram.

According to figure 4, the plant comprises a belt conveyor 3 adapted to convey
one or more alignments of packages 6 towards the gripping zone 4. Alternatively,
according to figure 5, the plant comprises two belt conveyors 3, 3' adapted to

_convey two or more package alignments 6 towards the gripping zone 4.
Furthermore, the movement of said belt conveyors, e.g. at least two 3 and 3', is

independent and synchronized with the operations carried out by the mechanical
limb 2.

. According to another preferred embodiment of the plant shown in figure 6, two or

more mechanical arms 2, 2’ are provided so as to cooperate to the formation of a
group 66 of packages to be packaged. Such a plant comprises a pair of belt

-conveyors 3, 3', arranged side-by-side, a respective mechanical limb 2, 2" being
. associated with each of them, comprising a gripping head in accordance with the
_present invention.

~ The two mechanical arms 2, 2’ are advantageously adapted to work independently

from each other, while contributing to the formation of a same group 66 of
packages according to a given diagram.

The first ends 21, 21’ of the mechanical arms are preferably pivotally constrained
to a supporting structure 7 which is over said second belt conveyor 8, of size
proportional to the dimensions of the group diagram 66, so that said second belt
conveyor 8 passes undermeath the mechanical arms.

Except for when packages 6 fail to arrive from the feeding (production or storage)
zone and/or the downstream packaging system is stopped, the work cycle of the
mechanical limb 2 or mechanical arms 2, 2' is continuous and synchronized with
the belt conveyor 8.

According to figures from 4 to 6, the conveying means of the packages 6
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comprise, starting from the right:

- a first belt conveyor 3, 3',

- a second belt conveyor 8, wider than the first belt 3, 3’ in the transversal sense,
defining both the gripping zone 4 and the releasing zone 5 and on which the
packages 6 are rotated-translated,

- a pair of third belts 9 and 9" arranged side by side, and adapted to work
independently from each other, on which the packages 6 are accumulated and
compacted from opposite side guides 10 to form a layer of the group 66 which is
then stacked by means of appropriate staking means.

Running on the belts 8, 9 and 9', the packages 6 pass under the supporting
structure 7 which supports one or more mechanical arms 2.

Finally, figure 7 shows a variant in which the group 66 of packages is transferred
by a pusher 20 configured to push the packages unloaded from the second belt 8
or alternatively from the third belts 9, 9' in a second direction which is substantially
orthogonal to the handling direction of the packages 6 from the gripping zone 4 to
the releasing zone 5.

The advantages deriving from the application of the present invention are
apparent:

- a high production rate may be ensured thus limiting dimensions because the belt
conveyor 3 may be of modest transversal dimensions because, due to said
gripping head and to said mechanical limb, the packages may be conveyed
aligned in a single row, but it desired also on several rows and distributed on one
or more belt conveyors 3, 3, etfc.,;

- using a mechanical limb allows to rapidly adapt the plant to both different
palletizing diagrams and to different package sizes, because the opening of the
grippers 12 and the rotation angle required for them to accomplish about the
rotation axes a and B are easily adjustable, as well as the height of the mechanical
limb from the plane of the gripping zoné 4 on which the packages arrive.

The elements and features illustrated in the various embodiments may be
combined without therefore departing from the scope of protection of the present
application.
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CLAIMS .

1. A system for forming layers of pabkages (6) to be palletized, said packages (6)
being able to be fed on longitudinal conveying means, the system comprising

- at least one robot controlling a limb (2), -

- a multiple gripping head (1) for gripping at least two packages (6), coupled at a
first end (22) of said limb (2),

said multiple gripping head (1) being provided with

-a supporﬁng element (11), adapted to rotate about a first rotation axis (),

- two or more grippers (12) pivotally associated with the supporting element (11),

each gripper being adapted to rotate about a respective second rotation axis (B),
wherein the robot is provided with translation and rotation movements so as to
move the gripping head (1) between a gripping zone (4) and a releasing zone (5)
of the packages (6), said gripping and releasing zones being defined at a portion
of said longitudinal conveying means,

and wherein said first rotation axis (a) and said second rotation axes (B) are

_parallel to one another and the rotation of each gripper (12) about the respective

second axis (B) is independent from the rotation of the other grippers,

whereby the packages (6) taken by said grippers (12) may be translated and/or
rotated about said second rotation axes (B) in a reciprocally independent manner
and/or rotated about said first rotation axis (o).

2. A system according to claim 1, wherein the robot is provided with
synchronization means for synchronizing the movements of the gripping head (1)
with at least two packages (8) being fed on said longitudinal conveying means.

3. A system according to claim 2, wherein said synchronization means comprise at
least one sensor adapted to detect the packages (6) being fed towards the
gripping zone (4) and transmit a trigger signal to a first encoder provided in an
actuating motor of at leést part of the longitudinal conveying means on whiéh the
layer of packages (6) is formed,; said first encoder being adapted to send a speed
and position reference signal of the packages (8) to the robot.

4. A system according to any one of the preceding claims, wherein actuating
means for actuating the rotation motion of the respective grippers (12) and of the
supporting element (11) are provided.
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5. A system according to claim 4, wherein said actuating means comprise
brushless motors and the robot is provided with motion transmission axes for
transmitting a rotation fo the respective grippers (12) and to the supporting
element (11), respectively.

6. A system according to claim 5, wherein said brushless motors are provided with
respective second encoders.

7. A system according to claim 6, wherein said first and second encoders are
incremental encoders. _ _

8. A system according to any one of the preceding claims, wherein said supporting
element (11) is a flat plate.

9. A system according to any one of the preceding claims, wherein said grippers
(12) are adapted to laterally clamp one or more packages (6) to be palletized.

10. A system according to any one of the preceding claims, wherein said limb (2)

-comprises a cinematic chain, said cinematic chain being rotationally restrained at

a second end (21) of the limb (2).

11. A system according to ¢laim 10, wherein said limb (2) is restrained at said
second end (21) to a supporting structure (7) which is placed above at least part of
said longitudinal conveying means. '

12. A system according to any one of the preceding claims, wherein said
longitudinal conveying means comprise:

- at least ohe first belt conveyor (3) for feeding packages (6) from a production or
storage zone to a palletization plant;

- a second belt conveyor (8), following the first belt (3‘), over which said at least
one robot provided with the limb (2) works; said second belt conveyor (8) crossing
the gripping zone (4) and the releasing zone (5) of the packages (6) handled by
the gripping headv(1 )i

- at least one third belt conveyor, following the seécond belt (8), for compacting the
packages (6) released by the robot in a predetermined configuration, towards a
palletization station. '

13. A system according to claim 12, wherein a pair of third belt conveyors (9, 9') is
included, adapted to work independently from each other, provided with
appropriate side guides (10) for forming a layer of packages (6) which is then
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stacked by appropriate stacking means.

14. A system according to any one of the claims from 1 to 11, wherein said
longitudinal conveying means comprise:

- at least one first beit conveyor (3) for feeding packages (6) from a production or
storage zone to a palletization plant;

- a second belt conveyor (8), following the first belt (3), over which said at least
one robot provided with the limb (2) works; said secand belt conveyor (8) crossing
the gripping zone (4) and the releasing zone (5) of the packages (6) handled by
the gripping head (1);

~wherein said second belt conveyor (8) is adapted to convey the packages (6),

released by the robot in a predetermined configuration, to a package layer
accumulation pallet.

16. A system according to any one of the claims from 1 to 11, wherein said
longitudinal conveying means ¢comprise a single belt conveyor aver which said at
least one robot provided with a limb (2) works; said single belt conveyor c¢rossing
the gripping zone (4) and the releasing zone (5) of the packages (6) handled by
the gripping head (1); wherein said single belt conveyor is adapted to convey the
packages (6) from the production or storage zone to the palletization plant to reach
a pallet for accumulating the layers of packages (6).

16. A system according to any one of the preceding claims, wherein two robots are
provided, each robot being provided with a limb (2, 2') comprising a respective
gripping head (1).

17. A palletization plant comprising a system for forming layers of objects (6)
according to any one of the preceding claims.
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