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(54) Title: APPARATUS FOR HANDLING LOADS

(57) Abstract: A load handling apparatus, particularly for use with stone, glass, metal materials or the like, comprises a support
structure (2) having gripper means (3) for picking up and removably retaining a load (C) to be handled, means (4) for suspending
the support structure (2) from and securing it to external handling means, guide means (5) between the suspension means (4) and
the support structure (2) to allow rotation of the load (C) about a substantially horizontal axis (L), driving means (6) for applying
& a force to the load (C) to cause rotation thereof about the axis (L) and allow the load (C) to be handled. The guide means (5) are
& designed to allow the assembly (7) of the load (C) and the support structure (2) to rotate about an axis of rotation (L) which is located
at a minimum predetermined distance from the center of gravity (G) of the assembly (7) to minimize the force to be applied to the
O driving means (6) to cause the rotation of the load (C) about the center of gravity (G).
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APPARATUS FOR HANDLING LOADS

Field of the invention

The present invention is generally applicable to the field of load lifting and carrying
apparatus and particularly relates to a load handling apparatus in accordance with

the preamble of claim 1.

Background of the invention

Many apparatus are known in the art for supporting and handling plates of glass,
marble or other materials. These apparatus allow to pick up one plate at a time from
a first storage or processing position and to set it down into a second position with a
desired inclination, typically a horizontal or vertical inclination. Such apparatus may
be mounted to a handler for full automatic handling of each plate, or may be mounted

to jib or overhead cranes and be handled in a manual or semiautomatic manner.

More in detail, EP-A-1201612, US-A-5256030 and US-A-5632595 respectively
disclose apparatus comprising a main frame, a plurality of suction cups on the frame,
adapted to be selectively attached to a plate, a motor-driven joint for connecting the

main frame to a machine or a handler and for automatically handling each plate.

A drawback of these solutions lies in their considerable complexity, which makes
them only suitable for high output production.

Furthermore, the motor-driven joint is placed at a predetermined distance from the
plane of the plate. This position, when combined with the typically large mass of
handled plates and of the apparatus itself, requires high torqueé to be applied by
motors, wherefore the latter have to be adequately sized.

A further drawback of these solutions is that they can only be actuated by remote

eléctronic control. While this may be appropriate for repetitive operations, such as
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handling of plates between two fixed processing stations, it can hinder particular

operations.

GB-A-156919 and GB-A-207177 respectively disélose plate handling apparatus,
comprising a frame having one or more suction cups adapted to be attached to a
plate to lift and handle it. Each apparatus further includes a rigid member which is
connected to the main frame by means of one or more hinges and designed to be
attached to a support rope or chain. The rigid attachment member, which is hinged to
the main frame, allows an operator to rotate a plate by hand along a horizontal axis
once the latter has been secured to the suction cups and lifted.

An apparent drawback of these solutions lies in that the axis of rotation of the hinge
between the main axis and the rigid support member must be at a predetermined
distance from the plate surface. Thus the main frame, which is hinged to the rigid
attachment member, only has one stable equilibrium position, which is defined by
vertical alignment of the axis of rotation and the center of gravity of the assembly of
the plate and main frame. For the plate to be held in a position other than the
equilibrium position, an appropriate torque has to be applied by an operator.
Furthermore, as the plate and the main frame are rotated, a higher torque is required
to also overcome a gravitational component of the torque, in addition to inertial and
frictional components. This is particularly heavy when the plate has to be manually
rotated by an operator.

GB-A-2172199 discloses an apparatus similar to the above. In this case, the main
frame has two circular arc-shaped guides including a pin, which is made of one piece
with the rigid attachment member and has a roller to facilitate rolling within the
corresponding circular arc-shaped guide. In this case, the connection between the
main frame and the attachment member allows a combined rotational and
translational motion to occur therebetween. When an operator imparts a rotary
motion to the assembly of the plate and the main frame, the rollers roll in their
respective guides, thereby causing the assembly to simultaneously perform a
translational motion.
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An apparent drawback of this solution is that undesired dangerous oscillations may
be introduced in the motion of the plate. This is caused by the fact that the rotation of
the plate and frame assembly causes a non-equilibrium state to occur between the
support action exerted by the attachment member, always directed orthogonally to
the local tangent of the guide, and the weight, which is itself directed vertically. This
non-equilibrium state causes in turn each roller to roll in the guide until it reaches a
new equilibrium posiﬁon. This repeated passage between two equilibrium positions,
separated by a non-equilibrium position, may cause the plate and frame assembly to
oscillate, especially in case of relatively abrupt rotations. Such oscillation may be
further enhanced by the unavoidable friction between the pins and the guides.

Manual plate handling is known to be facilitated by many handling apparatus similar
to those described above, which further include a handlebar rigidly connected to the
main frame by means of a lever element. This solution has the apparent drawback
that the lever element shall have a small length to prevent the handlebar from having
an excessive vertical traverse. If the handlebar is too high or too low from the ground,
it may be difficult to grasp by the operator. On the other hand, a small length of the
lever element requires a larger force to be exerted by the operator and a smaller
distance to be provided between the latter and the plate, thereby affecting safety.

It is further known that certain plate handling apparatus as described above include a
device which can detect a reduction of the suction pressure in the suction cups.
These devices may be also electrically, battery-operated, and require periodic battery
replacement. When the battery status is low, the handling apparatus is still used but

the warning device does not operate 'properly, thereby increasing the risks of injury.

As an alternative, other warning devices beep as soon as limit suction cup adhesion
conditions are reached, and may be supplied with the same suction pressure air
which is used to control the suction cups. An apparent drawback of this solution is
that plate handling apparatus are often used in very noisy industrial environments,
wherefore the danger warning beep may not be heard, and their effectiveness is

wholly nuliified.
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An additional drawback of this solution is that the detection of a limit suction cup
adhesion state is often not sufficient to prevent detachment of the load. After hearing

the beep, the operator may not have enough time to effectively take actions therefor.

Summary of the Invention

A primary object of this invention is to obviate the above drawbacks, by providing an
apparatus for handling loads of any shape and material, such as blocks, plates and
other products.

- A further object is to provide an apparatus that may easily used by an operator, even
by hand.

A particular object is to provide an apparatus that can provide high safety during use.

Another object of the invention is to provide an apparatus that has ergonomic

features and allows operators to maintain comfortable positions during use.

Yet another particular object is to provide an apparatus that reduces overload risks,

by effectively warning operators.

These objects, as well as other objects that will be more apparent hereafter, are
fulfilled, according to claim 1, by a load handling apparatus which comprises a
support structure having gripper means for picking up and removably retaining a load
to be handled, means for suspending the support structure from and securing it to
external handling means, guide means between the suspension means and the
support structure to allow rotation of the load about a substantially horizontal axis,
driving means for applying a force to the load to cause it to rotate about the axis and
allow the load to be handled, characterized in that the guide means are designed to
allow the assembly of the load and the support structure to rotate about an axis of

rotation which is located at a minimum predetermined distance from the center of
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gravity of the assembly to minimize the force to be applied to the driving means to
cause the rotation of the load about the center of gravity.

This particular arrangement allows easy handling of the load, while reducing physical
effort requirements in case of manual handling and power use in case of automatic

handling.

Brief description of the drawings

Further features and advantages of the invention will be more apparent from the
detailed description of a few preferred, non-exclusive embodiments of an apparatus
according to the invention, which are described by way of non-limiting examples with
the help of the annexed drawings, in which:

FIG. 1 is a perspective view of a first embodiment of an apparatus according
to the invention;

FIG. 2 is a broken away side view of the apparatus of FIG. 1;

FIG. 3 is a second side view of the apparatus of FIG. 1;

FIG. 4 is an enlarged view of a detail of FIG. 3;

FIG. 5 is an enlarged view of a detail of FIG. 1;

FIG. 6 is an enlarged view of a further detail of FIG. 1;

FIG. 7 and FIG. 8 are side views of a second embodiment of an apparatus of
the invention, in two different configurations;

FIG. 9 is a view of a third embodiment of an apparatus according to the
invention;

FIG. 10 is a further view of the embodiment of FIG. 9.

Detailed description of a preferred embodiment

Particularly referring to the above figures, an apparatus according to the invention is
described, which is generally designated with numeral 1, for handling loads,
particularly of stone, glass, metal, wood, plastic or other materials. Each load C may
have various sizes, and may be a plate, a block or another manufactured product.

5
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The apparatus 2 comprises a support structure 2 having gripper means 3 for picking
up and removably retaining a load C to be handled and means 4 for suspending the
support structure 2 from and securing it to external transfer means (not shown).
These may be, for example, an overhead crane, a hoist, a jib crane or a robot with a
rope, a chain or other rigid and/or flexible attachment means, whereto the
suspension means 4 may be removably connected. The gripper means 2 may be of

various types, such as suction cups, magnets, hydraulic or pneumatic clamps.

Guide means 5 are also provided between the suspension means 4 and the support
structure 2 to allow rotation of the load about a substantially horizontal axis L, which
may be fixed or movable with respect to the support structure 2. Furthermore, to
promote rotation of the load C about the axis of rotation L and allow handling thereof,
the apparatus 1 further comprises suitable driving means 6 adapted to apply a force
to the load C. The driving means 6 may be designed for manual use by an operator

or for automatic or semi-automatic use using a remote control.

A peculiar aspect of the invention lies in that the guide means 5 are adapted to allow
the assembly 7 formed by the load C and the support structure 2 to rotate about an
axis of rotation L which is located at a minimum predetermined distance from the
center of gravity G of the assembly 7. This will minimize the force to be applied to the
driving means 6 to promote rotation of the load C about the center of gravity G. The
guide means 5 may be dimensioned as a function of the particular application and/or
the size of the load C.

More in detail, if the load C has a plate-like structure, as shown in FIG. 1, the
minimum predetermined distance between the center of gravity G of the assembly 7
and the axis of rotation L. may be comprised from 0 to 200 mm and is preferably less
than about 20 mm, regardless of the angular position of the assembly 7 relative to
the suspension means 4. As is shown, the axis of rotation L may also be located
inside the load C.
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As shown in the annexed drawings, the guide means 5 may further include at least
one circular arc-shaped element 8, which is unitary or made of one piece with the
support structure 2 and at least one roller 9 having a pin made of one piece with the
suspension means 4. Each roller 9 and the corresponding circular arc-shaped
element 8 may be so dimensioned that the roller 9 is able to roll along the circular
arc-shaped element 8. This element may be a blind or through groove 11 formed on

a corresponding plate 10, made of one piece with the support structure 2, as shown

in FIG. 5. Alternatively, in other embodiments, which are not shown herein, the
circular arc-shaped element 8 may be a relief formed on a plate unitary with the
support structure, which defines an abutment surface for at least one corresponding

roller 9.

In certain embodiments, not shown and differing from those described hereinbefore,
each circular arc-shaped element may be unitary or made of one piece with the
suspension means 4 and each corresponding roller may have a pin made of one

piece with the support structure 2.

In order that the load may have one degree 'of rotational freedom only, the guide
means 5 may include at least one pair of adjacent rollers 9 disposed along the
circular arc 8 and angularly offset from each other by a predetermined angle. Thanks
to this feature, the distance between the axis of rotation L of the load C and the
center of gravity of the assembly 7 is substantially constant through any angular
position of the load C, thereby affording regular and safe handling of the load C.

The arc-shaped element 8 may have such an angular extension as to allow the
assembly 7 to rotate through a predetermined angle from 0 to substantially 360°.
Such predetermined angle may have various values, depending on the types of
applications and loads C. Particularly, the circular arc-shaped element 8 may extend
through an angle substantially corresponding to a right angle increased by the offset

angle between the rollers 9, so that the load C may be rotated by at least 90°.
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In certain embodiments, as shown in FIG. 9 and FIG. 10, the guide means may
include a plurality of telescopically coupled arc-shaped elements 8. This allows to
increase the rotation angle of the assembly 7 to the maximum value of 360°, without
excessively increasing the angular extension of the individual circular arc-shaped

elements 8.

In other embodiments, that are shown by way of example in FIG. 7 and FIG. 8, the
guide means 5 may include at least one four-bar linkage 8', having a pair of rockers
9'. Each rocker 9 may have one end hinged to the suspension means 4 and the
other end hinged to the support structure 2 or to an extension 9” thereof. The hinge
points and the lengths of rockers 9’ may be selected so that the distance between the
axis of rotation L and the center of gravity G of the assembly 7 meets the above

minimum predetermined distance requirements.

As shown in the drawings, the support structure 2 may extend along a longitudinal
axis L’ substantially parallel to the axis of rotation L to provide a better grip of the load
C. In this case, the support structure 2 may include at least a plurality of longitudinally
offset guide means 5 to optimize the grip and handling of loads, even when the latter
have a relatively large size.

The suspension means 4 may include a telescopic element 12 having a substantially
vertical telescopic direction during use. More in detail, the telescopic element 12 may
have a stem 13, which is slideably received in a cylinder 14. The stem 13 may have
an upper end 15 with a hook 16 for connection to the external handling means,
whereas the cylinder 14 may have a lower end 17 attached to a frame 18 of the
suspension means 4. Therefore, the frame 18 may be held by the cylinder 14 during
use, and may be integral with the pins of the rollers 9 of the guide means 5, to also

vertically hold the support structure 2.

The load C and the weight of the support structure 2 itself exert their action on the
cylinder 14, and move it away from the stem 13. To compensate for this action, the

telescopic element 12 may comprise an elastic member 19 between the stem 13 and

8
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the cylinder 14 so as to return the support structure 2 upwards. Thanks to its elastic
hysteresis, the elastic member 19 allows to attenuate any impulsive or oscillatory
stresses which might be transferred from the external handling means to the stem
13. Thanks to this arrangement, the attenuating action may be exerted during
handling of the load C, whether it is a rotational, a translational or combined motion,

and is effective both as the load C is lifted and as it is set down.

Furthermore, the stem 13 may have indicator means (not shown) at the upper end
15, which project out of the upper edge 20 of the cylinder 14 when certain loads are
applied to the elastic member 19. Particularly, the indicator means may include a set
of differentiated rings which are visible by an external operator as a function of the
amount of the load C and to indicate any overload of the support structure 2. Thanks
to this particular arrangement, the operator may be clearly and readily warned and
the overall safety of the system will be increased. Furthermore, the visibility of the set
of rings can solely depend on the mechanical properties of the elastic member 19,
whereby no power supply or other supply is required for proper operation. As an
alternative to the set of rings, other indicators may be used, such as a graduated

scale, a color scale, symbols and pictograms.

As shown in FIG. 1, the driving means 6 may comprise a lever element 21 with an
end handlebar 22 to be grasped by an operator. The lever element 21 may further
have an adjustable length portion 23, allowing to adjust the distance between the
operator and the support structure 2 as a function of the size of the load C, to
improve the safety conditions or change the effort required by the operator. More in

“detail, the adjustable portion 23 may be of the telescopic type, as shown in the

annexed figures, or of the pantograph type (not shown), or of other types.

The driving means 6 may further include a transmission mechanism 24, which is
adapted to turn a rotation of the lever element 21 into a rotation of the load C with a
predetermined transmission ratio, which may be of 1 or advantageously of more than
1. In the latter case, the angular travel of the lever element 21 may be reduced,
thereby affording advantages in terms of safety. A reduced angular travel of the lever

9
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element 21 with respect to the horizontal limits the vertical traverse of the end
handlebar 22 and increases the length of the adjustable portion 23, thereby allowing
the operator to handle the load C from a longer distance and with a lower effort. The
transmission mechanism 24 may include a linkage 25 and a gear train 26 or belt
means (not shown). In certain embodiments (not shown), the driving means 6 may
further include linear oil hydraulic or pneumatic actuators, to allow remote handling of
the load C.

The above disclosure clearly shows that the apparatus of the invention fulfills the
proposed objects and particularly allows handling, even by hand, of loads of different

size and weight in an easy, safe and convenient manner.

The apparatus of this invention is susceptible to a number of changes and variants,
all falling within the scope defined by the appended claims. All the details thereof
may be replaced by other technically equivalent parts, and the materials may vary

depending on different needs, without departure from the scope of the invention.

While the apparatus has been described with particular referénce to the
accompanying figures, the numerals referred to in the disclosure and claims are only
used for the sake of a better intelligibility of the invention and shall not be intended to

limit the claimed scope in any manner.

10
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CLAIMS

1. An apparatus for handling loads comprising:

- a support structure (2) having gripper means (3) for picking up and
removably retaining a load (C) to be handled,

- means (4) for suspending said support structure (2) from and securing it to
external transfer means;

- guide means (5) between said suspension means (4) and said support
structure (2) to allow rotation of the load (C) about a substantially horizontal axis (L);

- driving means (6) for applying a force to said load (C) to cause rotation
thereof about said axis (L) and allow the load (C) to be handled;

characterized in that said guide means (5) are adapted to allow the assembly
(7) consisting of the load (C) and said support structure (2) to rotate about an axis of
rotation (L) which is located at a minimum predetermined distance from the center of
gravity (G) of said assembly (7) to minimize the force to be applied to said driving

means (6) to cause the rotation of the load (C) about said center of gravity (G).

2. Apparatus as claimed in claim 1, characterized in that said minimum
predetermined distance is comprised from 0 to 200 mm and is preferably of less than

30 mm.

3. Apparatus as claimed in claim 1, characterized in that said guide means (5)
include at least one circular arc-shaped element (8), which is unitary with said
support structure (2) with at least one roller (9) made of one piece with said
suspension means (4) rolling thereon.

4. An apparatus as claimed in claim 1, characterized in that said guide means
(5) include at least one circular arc-shaped element (8), which is unitary with said
suspension means (4) with at least one roller 9 unitary with said support structure (2)

rolling thereon.

11
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5. An apparatus as claimed in claim 1, characterized in that said guide means
(5) include at least one four-bar linkage (8’), having a pair of rockers (9), which are

hinged to said suspension means (4) and to said support structure (2).

6. An apparatus as claimed in claims 3 or 4, characterized in that said guide
means (5) include at least one pair of adjacent rollers (9) disposed along said circular
arc (8) and angularly offset from each other to allow the load (C) to have one

rotational degree of freedom only.

7. An apparatus as claimed in claim 6, characterized in that said arc-shaped
element (8) has such an angular extension as to allow the assembly (7) to rotate
through a predetermined angle from 0 to substantially 360°.

8. A structure as claimed in claim 7, characterized in that said guide means (5)
include a plurality of telescopically coupled arc-shaped elements (8) to reach said

maximum angle.

9. A structure as claimed in claim 1, characterized in that said support
structure (2) extends along a longitudinal axis (L) substantially parallel to said axis of
rotation (L), there being provided a plurality of said guide means (5), in longitudinally

offset positions.

10. An apparatus as claimed in claim 1, characterized in that said suspension
means (4) include a telescopic element (12) having a substantially vertical telescopic

direction during use.

11. An apparatus as claimed in claim 10, characterized in that said telescopic
element (12) comprises a stem (13) having an upper end (15) with a hook (16) for
connection to said external handling means, which is slideably received in a cylinder

(14) having a lower end (17) connected to said guide means (5).

12
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12. An apparatus as claimed in claim 11, characterized in that said telescopic
element (12) comprises an elastic member (19), interposed between said stem (13)

and said cylinder (14), to return said support structure (2) upwards.

13. An apparatus as claimed in claim 12, characterized in that said stem (13)
has indicator means at the upper end (13), which project out of the upper edge (20)

.of said cylinder (14) when certain loads are applied to the elastic member (19).

14. An apparatus as claimed in claim 13, characterized in that said indicator
means include a set of differentiated rings which are visible by an external operator
as a function of the amount-of the load (C) being applied and to indicate any overload

of the support structure (2).

15. An apparatus as claimed in claim 1, characterized in that said driving
means (6) comprise a lever element (21) with an end handlebar (22) to be grasped

by an operator.

16. An apparatus as claimed in claim 15, characterized in that said lever
element (21) has an adjustable length portion (23), allowing to adjust the distance
between the operator and the support structure (2) as a function of the size of the

load (C), to improve safety conditions.

17. An apparatus as claimed in claim 16, characterized in that said adjustable
portion (23) is of the telescopic type.

18. An apparatus as claimed in claim 16, characterized in that said adjustable
portion (23) is of the pantograph type.

19. An apparatus as claimed in claim 15, characterized in that said driving
means (6) comprise a transmission mechanism (24), which is adapted to turn a
rotation of said lever element (21) into a rotation of the load (C) with a predetermined

transmission ratio.

13
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20. An apparatus as claimed in claim 19, characterized in that said

transmission ratio is of 1 or more than 1, to reduce the angular travel of the lever

element (21).

14
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