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(57) Abstract: A magnetic device for gripping and clamping a workpiece in a machining unit or on a machining line comprises a
magnetic plate (2) of the type including a distribution of high-energypermanent-magnet modules (3), which can be electrically activ-
ated. The device further comprises an auxiliary workpiece-holder plate made of ferromagnetic material, which rests on a main sur-
face of the magnetic plate and has a top surtace (10) shaped in a way complementary to a surface of the workpiece (P) that rests
thereon. The workpiece (P) rests on the top surface (10) of the auxiliary workpiece-holder plate (8) only in points corresponding to
some supporting pads (13), whilst the facing surfaces ot the workpiece (P) and auxiliary workpiece-holder plate (8) are kept slightly
set apart from one another for most of their extension. Precise referencing in the plane of the main surface (6) of the magnetic plate
(2) between the workpiece (P) and the auxiliary workpiece-holder plate (8) is obtained by means of two locating pins (14) projecting
from the auxiliary plate (8) and received within respective seats (15) of the workpiece (P). There may be provided a protective
shroud (16) above the magnetic plate (2), having an opening (16b) from which the aforesaid auxiliary workpiece-holder plate (8)
projects.
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""Magnetic device for gripping and clamping a workpiece in a machining unit
or machining line"
*kd

The present invention relates to magnetic devices for gripping and
clamping workpieces in a machining unit or on a machining line, of the type
comprising a magnetic plate including a distribution of high-energy permanent-
magnet modules, which can be electrically activated, said magnetic plate having
two plane and opposite main surfaces, giving out onto which are the poles of said
permanent-magnet modules.

Magnetic plates of the type referred to above are, for example, illustrated
in EP-A-0 211 329, EP-A-0 254 939, EP-A-0 311 865, EP-A-0 345 554, WO-A-
09/034425, WO-A-09/130721, WO-A-09/130722, and WO-A-10/125592.

Magnetic plates of this type constitute permanent electromagnetic systems
in which the electrical energy is used only for a few seconds in the MAG
(activation) and DEMAG (deactivation) steps. The magnetic plate has a
distribution of permanent-magnet modules arranged according to an orderly array
and having their North/South poles oriented alternately to generate a high
concentration of force through a grid of multiple magnetic stitches that enable a
horizontal and flattened circulation of the magnetic flux. The anchoring force
generated enables a workpiece set on the magnetic plate to be withheld
irrespective of the direction of the forces to which the workpiece is subject during
machining and also when small thicknesses are involved. The force of attraction is
uniformly distributed over the entire surface of contact with the workpiece,
without any compression and deformation of the workpiece, unlike what occurs
with traditional mechanical clamping devices. The magnetic plate leaves the
workpiece free except for just the side of contact with the plate, which favours a
better exploitation of the machining unit.

A device as set forth in the preamble of claim 1 is known from document
US 4 777 463 A.

The object of the present invention is to improve the flexibility of use of
magnetic devices of the type referred to above, with simple and low-cost means,
in particular guaranteeing the possibility of use also with workpieces of a complex
conformation, and without jeopardizing the precision of positioning of the
workpiece.

With a view to achieving said purpose, the subject of the invention is a
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magnetic device for gripping and clamping a workpiece in a machining unit or on
a machining line, which has the characteristics of claim 1.

In the device according to the invention, the aforesaid auxiliary workpiece-
holder plate, which is made of ferromagnetic material, is magnetised
automatically when the magnetic plate set underneath it is activated so as to carry
out clamping of the workpiece-holder plate 8 on the magnetic plate 2 and
clamping of the workpiece on the workpiece-holder plate. At the same time, the
auxiliary plate functions as adapter, thanks to the conformation of its top surface,
which follows the corresponding conformation of the surface of the workpiece. In
this way, it is possible to obtain clamping on the magnetic plate of workpieces
having a complex shaped surface. Precise referencing in the plane of the magnetic
plate between the workpiece and the workpiece-holder plate is obtained via
locating pins, whilst positioning in the direction perpendicular to the plane of the
magnetic plate is defined in a precise way by the aforesaid supporting pads of the
auxiliary plate. Except for said supporting pads, the top surface of the auxiliary
workpiece-holder plate is not in contact with the workpiece, but rather is kept
slightly set apart therefrom, which prevents in a simple way the risk of an
incorrect resting of the workpiece on the workpiece-holder table, without
requiring very restricted machining tolerances.

Of course, the invention can be applied with any orientation of the
magnetic plate, in particular both with the magnetic plate set horizontally and with
the magnetic plate set vertically. In the present description, the terms "top" and
"bottom" are used with reference to a horizontal orientation of the magnetic plate,
but are not to be interpreted in a limiting sense. For example, in the case of
vertical orientation of the magnetic plate, by "top surface" and "bottom surface" of
the workpiece-holder plate is to be meant the opposite surfaces of the workpiece-
holder plate that are, respectively, furthest from and closest to the magnetic plate.

In the case where a magnetic plate of dimensions larger than those of the
auxiliary workpiece-holder plate is used, the device can further comprise a
protective shroud and cover, which covers the aforesaid magnetic plate and has a
plane top surface, resting on the main top surface of the magnetic plate and having
an opening that follows the profile of the base surface of the auxiliary workpiece-
holder plate to enable the latter to project through said opening. In this way, the
magnetic plate is protected in a simple and efficient way from the swarf produced

during machining of the workpiece.
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Further characteristics and advantages of the invention will emerge from
the ensuing description with reference to the annexed drawings, which are
provided purely by way of non-limiting example and in which:

Figure 1 is a perspective view of an example of embodiment of the device
according to the invention;

Figure 2 and 3 are a side view in elevation and a plan view of the device of
Figure 1;

Figure 4 is a view in elevation, partially sectioned according to the line IV
of Figure 3, which shows a workpiece, specifically an internal-combustion engine
block, clamped on the device according to the invention;

Figure 5 is a view at an enlarged scale of the detail indicated by the arrow
V in Figure 4; and

Figure 6 is a view in elevation, partially sectioned according to the line VI
of Figure 3.

In the drawings, the number 1 designates as a whole a magnetic device for
gripping and clamping a workpiece in a machining unit or on a machining line.
The example illustrated here regards the case of a device that is to be used in a
machine for machining with removal of stock of an internal-combustion engine
block.

The device 1 comprises a magnetic plate 2 of the type already described
above, which has, in a way in itself known, an array of permanent-magnet
modules 3. The magnetic plate 2 has a main plane base surface 5 and a main top
plane surface 6 parallel to the surface 5. The permanent-magnet modules 3 have
North/South poles facing the main surfaces 5, 6 and oriented alternately, in a way
in itself known, in order to give rise, when activated, to a high concentration of
force through a grid of multiple magnetic stitches that enable a horizontal and
flattened circulation of the magnetic flux. The magnetic plate 2 is provided, on a
lateral surface thercof, with a connector 7 for an electrical-supply cable.
According to the technique known in the sector of said magnetic plates, the
electrical energy is used only for a few seconds in the step of activation and in the
step of deactivation of the permanent magnets.

The device according to the invention further comprises an auxiliary
workpiece-holder plate 8 made of ferromagnetic material, which in the example
illustrated is constituted by a steel casting. The auxiliary workpiece-holder plate 8

has a plane base surface 9, which rests on the main top surface 6 of the magnetic
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plate 2, and a top surface 10, formed and shaped according to the corresponding
conformation of the surface of a workpiece P (in the case illustrated an engine
block) that is to rest thereon. Figures 4 and 6 of the annexed drawings show the
workpiece P resting on the magnetic plate 2 and on the auxiliary workpiece-holder
plate 8. As may be clearly seen in Figure 1, the top surface 10 of the auxiliary
workpiece-holder plate 8 is shaped with reliefs and cavities engaging within
which are corresponding cavities and reliefs of the surface 11 (Figures 4, 6) of the
workpiece P that rests on the auxiliary plate 8.

As may be clearly seen from Figures 4 and 6, the top surface 10 of the
auxiliary workpiece-holder plate 8 and the surface 11 of the workpiece P that rests
thereon remain slightly set apart from one another for most of their extension,
creating a gap 12 that prevents the risk of an incorrect coupling of the workpiece P
with the auxiliary workpiece-holder plate 8, without requiring the adoption of
particularly restricted production tolerances. The workpiece P rests on the
auxiliary workpiece-holder plate 8 only in points corresponding to a plurality of
supporting pads 13 (see Figure 3 and Figure 6), which define in a precise way the
vertical position (with reference to the figures) of the workpiece P with respect to
the magnetic plate 2 and to the auxiliary workpiece-holder plate 8. The precise
positioning of the workpiece P on the auxiliary plate 8 in the plane of the main top
surface of the magnetic plate is guaranteed by a pair of locating pins 14 (see
Figures 3, 4, 6 and the detail of Figure 5), which project at the top from the
auxiliary workpiece-holder plate 8, cach with an axis 14a orthogonal to the plane
of the main top surface 6 of the magnetic plate 2, and which are received within
respective seats 15 made in the workpiece P.

Preferably, the device 1 further comprises a protective shroud 16,
constituted by a metal sheet made of non-ferromagnetic material, for example
aluminium, comprising a top plane wall 16a that covers the top main surface 6 of
the magnetic plate 2 and that has an opening 16b, the boundary of which follows
the profile of the base surface of the auxiliary workpiece-holder plate § in such a
way that the auxiliary workpiece-holder plate 8 can project through said opening
16b, whilst the remaining part of the magnetic plate 2 remains protected from the
swarf that drops thereon during machining. The protective shroud 16 has side
walls 16¢ that cover the side walls of the magnetic plate 2 (the protective shroud
16 is illustrated in cross section in Figures 4 and 6, whereas it has been removed

in Figures 1-3, for convenience of illustration).
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As emerges clearly from the foregoing description, the device according to
the invention enables exploitation of the magnetic plate 2 for gripping and
clamping workpieces having non-plane surfaces. This is obtained in a simple and
efficient way by providing the auxiliary workpiece-holder plate 8. Precise
referencing in the three orthogonal directions is obtained thanks to the locating
pins 14 and to the supporting pads 13, whilst the provision of the gap 12 along the
majority of the extension of the facing surfaces of the auxiliary plate 8 and of the
workpiece P guarantees proper coupling of the workpiece P to the plate 8, without
requiring adoption of restricted production tolerances throughout the extension of
the coupling surfaces of the workpiece P and of the auxiliary workpiece-holder
plate 8.

In use, the magnetic plate 2 is activated by means of temporary electrical
supply whenever a workpiece P is received on the workpiece-holder plate 6 and
on the magnetic plate 2 and is to be clamped thereon. Activation of the magnetic
plate causes magnetization of the workpiece-holder plate 8 and consequent
clamping of the workpiece P. The gap 12 between the facing surfaces of the
workpiece-holder plate 8 and of the workpiece P does not jeopardize mutual
magnetic clamping, given that it is of a small size. During machining of the
workpiece P in a machine tool, the workpiece P is referenced in position in a
precise and rigorously determined way so that there exists the certainty that the
control system of the machine tool is able to govern the machining operations in
an equally precise and determined way. Upon completion of the machining
process, the magnetic plate 2 is demagnetized, once again by means of a
temporary electrical supply so that the machined workpiece P can be unloaded.

Of course, the invention can be applied with any orientation of the
magnetic plate, in particular both with the magnetic plate set horizontally and with
the magnetic plate set vertically. In the present description, the terms "top" and
"bottom" are used with reference to a horizontal orientation of the magnetic plate,
but are not to be interpreted in a limiting sense. For example, in the case of
vertical orientation of the magnetic plate, by "top surface" and "bottom surface" of
the workpiece-holder plate is meant the opposite surfaces of the workpiece-holder
plate that are, respectively, furthest from and closest to the magnetic plate.

Finally, it is evident that, without prejudice to the principle of the
invention, the details of construction and the embodiments may vary widely with

respect to what is described and illustrated herein purely by way of example,
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without thereby departing from the scope of the present invention as defined in the

annexed claims.
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CLAIMS

1. A magnetic device for gripping and clamping a workpiece in a
machining unit or on a machining line, said device comprising a magnetic plate
(2) of the type including a distribution of high-energy permanent-magnet modules
(3), which can be electrically activated, said plate (2) having two plane and
opposite main surfaces (5, 6), giving out onto which are the poles of said
permanent-magnet modules (3),

wherein said magnetic device further comprises:

- an auxiliary workpiece-holder plate (8), made of ferromagnetic material,
having a base surface (9) resting on a main surface (6) of the magnetic plate (2)
and a top surface (10) for receiving the workpiece (P) thereon; and

- means for precise referencing in position of the workpiece (P) on the
auxiliary workpiece-holder plate (8),

characterized in that said referencing means comprise:

- at least two locating pins (14) carried by said workpiece-holder plate (8)
and having axes (14a) orthogonal to said main surface (6) of the magnetic plate
(2), said locating pins being prearranged for being received within seats (15)
formed in the workpiece (P) so as to enable a precise referencing of the position of
the workpiece (P) with respect to the auxiliary workpiece-holder plate (8) in the
plane of the main surface (6) of the magnetic plate (2),

said device being further characterized in that:

said auxiliary workpiece-holder plate (8) has a top surface (10) shaped in a
way complementary to the surface (11) of the workpiece (P) that is to rest thereon;
and

said top surface (10) of the auxiliary workpiece-holder plate (8) has a
plurality of supporting pads (13) for resting of corresponding portions of the
bottom surface (11) of the workpiece (P) in such a way that the bottom surface
(11) of the workpiece (P) and the top surface (10) of the auxiliary workpiece-
holder plate (8) are kept slightly set apart from one another for most of their
extension.

2. The magnetic device according to Claim 1, characterized in that it
comprises a covering shroud (16) for protection of the magnetic plate (2), having
a metal-sheet structure made of non-ferromagnetic material, with a top wall (16a)

resting on the main top surface (6) of the magnetic plate (2) and having an
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opening (16b), the boundary of which follows the perimeter of the base surface of
said auxiliary workpiece-holder plate (8) so as to enable said auxiliary workpiece-

holder plate (8) to project through said opening (16b).
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