(57) Abstract: The present invention refers to a magnetic device for clamping ferromagnetic workpieces comprising a frame (2) hav-
ing a first magnetic circuit (3) configured to generate a first magnetic field adapted to clamp a ferromagnetic workpiece to be pro -
cessed; a second magnetic circuit (4) configured to generate a second magnetic field adapted to clamp said ferromagnetic workpiece
(1) t° a machine tool bed; said first magnetic circuit (3) and said second magnetic circuit (4) being adapted to be controlled to turn
on and/off independently one from the other. The modular magnetic device is characterized in that it comprises first (6, 10) and
second (5, 11) mechanical and electrical connection means for mechanically and electrically connecting said magnetic device, when
in operation, to corresponding second and first complementary mechanical and electrical connection means of other modular mag -

netic devices located adjacent thereto, to create a series of modular magnetic devices mechanically and electrically connected togeth -
er.



WO 2013/041984 PCT/IB2012/053826
12

CLAIMS
1. A magnetic device for clamping ferromagnetic workpieces comprising a frame
having;
- a first magnetic circuit (3) which is configured to génerate a first magnetic field
adapted to clamp a ferromagnetic workpiece to be processed,
- a second magnetic circuit (4) which is configured to generate a second magnetic
field adapted to clamp said ferromagnetic workpiece (1) to a machine tool bed,
- said first magnetic circuit (3) and said second magnetic circuit (4) being adapted to
be controlled to turn on and/off independent of each other,

- characterized in that it comprises first (6, 10) and second (5, 11) mechanical and
electrical connection means for mechanically and electrically connecting said
magnetic aevice, when in operation, to second and first complementary mechanical
and electrical connection means of other modular magnetic devices located adjacent
thereto, to create a series of modular magnetic devices mechanically and electrically
connected together.

2. A magnetic device as claimed in claim 1, wherein said first and second mechanical
and electrical connection means (6, 5, 10, 11) comprise mechanical linkage means
(6, 5) for providing mechanical coupling while allowing mutual motion between a
modular magnetic device and another modular magnetic device adjacent thereto.

3. A magnetic device as claimed in claim 2, wherein said linkage means include a
rotary coupling, involving rotation about a conétraint axis (Y-Y).

4. A magnetic device as claimed in claim 3, wherein said linkage means comprise a
rotary coupling, for allowing rotation about said constraint axis (Y-Y) over an angle
(a) that falls within a range from 0 to £120° so that said magnetic device can be tilted

by said angle (a) relative to the magnetic device adjacent thereto.
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5. A magnetic device as claimed in any preceding claim, wherein said first and
second mechanical and electrical connection means (6, 5, 10, 11) comprise a male
input electrical connector (10) and a respective female output electrical connector
().
6. A magnetic device as claimed in any preceding claim, wherein said magnetic
device mainly extends in a longitudinal direction (X-X) and defines first (1°) and
second (1") sides at the opposed larger surfaces whose ends define a front part
(1") and a rear part (1°") of said frame (2), said longitudinal direction (X-X)
forming an axis of symmetry for said frame (2), so that the front part (1"") and the
rear part (1°") oppose each other along said axis of symmetry (X-X), said constraint
axis (Y-Y) being transverse, preferably orthogonal to said direction of extension (X-
X).
7. A magnetic apparatus as claimed in claim 6, wherein said front part (1°") is
complementary to the rear part (1'").
8. A magnetic device as claimed in claim 3, comprising at least one magnetic or non-
magnétic area (13) which is coaxial to said constraint axis (Y-Y).
9. A magnetic device as claimed in claim 1, comprising a first part (2A) having said
first magnetic circuit (3) disposed therein and a second part (2B) having said second
magnetic circuit (4) disposed therein.
. 10. A magnetic device as claimed in claim 1, wherein the first mechanical connection
means (6) integrate the first electrical connection means (10) and the second

mechanical connection means (5) integrate the second electrical connection means

(11).
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Modular magnetic device for clamping ferromagnetic workpieces
Technical field
The present invention refers to a magnetic device for clamping ferromagnetic
workpieces, particularly, a modular magnetic device for clamping magnetic
workpieces, according to claim 1.
State of the art
Actually, for mechanically processing (turning, milling, etc.) ferrous elements, for
exarﬁple the ring-shaped ones, such as: fifth wheels, bearings and round flanges used
in power plants and wind generators, earth moving machines, radars and
communications equipment, cranes on off-shore rigs, machine tools, and gearboxes,
and also in marine engines and transmissions, magnetic plates are used.
In' order to process these elements, such magnetic plates must have a diameter equal
to or slightly greater than the one of the bed of a machine tool necessary for
performing said mechanical processing in order to better exploit the capacity of the
machine tool, without wasting spaces for receiving supplemental clamping systems,
such as clamps.
For example, when the element to be mechanically processed is one of the above
identified elements, and has, for example, a diameter not greater than 2000 mm, it is
generally known the use of the typical integrally-made magnetic plates having the
same diameter.
When elements having a diameter greater than 2000 mm must be subjected to
mechanical processings, the state of the art provides the use of magnetic plates
formed by several magnetic sectors, which can be directly attached to the machine

bed, on dedicated sub-plates or adapted support pallets.
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Despite the fact that these techniques are nowadays widely and advantageously used,
it is apparent that the magnetic plates of the type described before show some
disadvantages both from the economic point of view and the performance point of
view.

The magnetic plates of the above described type, in order to fully exploit the
capacities of the machine tool, are indeed made for clamping ferromagnetic
workpieces having variable diameters to their maximum size; for this reason all the
surface of the magnetic plate is magnetically activable even though a substantial
portion, during the clamping step, will not be exploited for clamping a workpiece.
Therefore, it is apparent that the first economic disadvantage of the present systems
compels to implement large magnetically active surfaces even though the
ferromagnetic workpiece to be clamped has a very small surface.

Indeed, besides the problem that the acquisition costs of the magnetic plate increases
as the size of the element to be prdcessed increases, and consequently of the
corresponding magnetic plate necessary for clamping the element, there is also an
exacerbation of the electrical/mechanical/management problems.

The main electrical problem is associated to the high number of the necessary
electrical cables. For example, when a short—circuit occurs in a portion of the
magnetic system, it causes a shut-down of the whole magnetic plate , negatively
affecting the production, and causing the intervention of skilled technicians for its
substitution.

The main mechanical problem is associated to the increase of the distance between
the abutment points of the workpiece because the magnetic plate is configured with
a radial polar arrangement. The distance among the abutment points of the workpiece

on the magnetic area increases as the size of the surface increases which in turn
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causes a limitation of the machine performance in order to reduce the vibrations on
the workpiece.
The main management problem is associated to the necessary handling of the
magnetic system for moving it from the roughing step to the finishing step of the
workpiece, which since is bulky imposes large spaces and expensive and
consequently encumbrant handling systems.

Technical problem
From above, it is apparent that in the magnetic devices or apparatuses field, it is very
felt the need of performing the operations of mecnanical processing of ferrous
elements, for example, the ring-shaped ones, by using magnetic devices which are
less expensive and more reliable than the ones used until now..
Therefore, the problem underpinning the present invention consists of devising a
magnetic device which has the operative characteristics such to satisfy said need,
obviating, at the same time, the above mentioned inconveniences.

Technical solution
Such problem is solved by a modular magnetic device for clamping ferromagnetic
.workpieces according to claim 1.

Advantageous effects

Due to the present invention, it is possible to obtain a reduction of the acquisition
costs because the modular magnetic device for clamping ferromagnetic workpieces is
positioned only in proximity of the ferromagnetic workpiece to be clamped.
Due to the present invention, it is further possible to obtain the reliability advantages
since the magnetic devices are modular which consequently insures their
substitution, in case of faults, in any moment with other devices of the same type.

Moreover, due to the present invention, when a plurality of modular magnetic
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- devices are connected one to the other, there are many abutment points for the
workpiece to be clamped which can be easily removed and substituted, and further
can be made of a magnetic and non-magnetic materials.

Such plurality of abutment points ensures a superior quality of the processings which
are performed on the clamped elements.

Brief Description of The Drawings
Further characteristics and advantages of the method according to the present
invention will be understood from the following description of a preferred example
of embodiment thereof given in an illustrative and non-limiting way, with reference
to the attached figures, wherein:
- Figure 1 shows a perspective exploded view of the modular magnetic device in an
embodiment thereof,
- Figure 2 shows a perspective view of the modular magnetic device of Figure 1,
- Figure 3 shows a top plan view of a structure comprising a plurality of modular
magnetic devices of the type shown in Figure 1 when the latter are connected one to
the other.

Detailed description

With reference to the attached figures, reference number 1 shows a modular
magnetic device according to the present invention.
The modular magnetic device 1comprises a frame 2 in which a first magnetic circuit
3 and a second magnetic circuit 4 are arranged.
Frame 2 is made of ferromagnetic materials by manufacturing techniques known to a
person skilled in the field and therefore they are not described.
For example, with reference to Figure 1, it is noted that frame 2 of the modular

magnetic device 1 comprises a first part 2A, in which the first magnetic circuit 3 is
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arranged, and a second part 2B in which the second magnetic circuit 4 is arranged.
Particularly, such first part 2A can be distinct and separated from the second part 2B
and, once they are reciprocally connected, as shown in Figure 2, they can form the
modular magnetic device 1.

Alternatively and, according to a preferred embodiment, the modular magnetic
device 1 is monolithic or made injust one piece, in other words the first part 2A and
second part 2B are integral.

Further, it is noted that frame 2 of the modular magnetic device 1 substantially
extends along a longitudinal direction X-X and defines a first 1’ and second sides 1"
at the longest opposed surfaces whose ends define a rear part 1" and a front part 1""
of frame 2.

. Particularly, according to the specific shown embodiment, the longitudinal direction
X-X represents a symmetry axis of the frame 2 of device 1 so that the rear part ™"

"

and the front part 1"" are opposed one to the other along said symmetry axis X-X.
The first magnetic circuit 3 is configured for generating a first magnetic field
defining at the first side 1' of frame 2 a clamping magnetic plate .

Particularly, the first clamping magnetic plate is the surface of the modular magnetic
device 1 adapted for clamping a ferromagnetic workpiece to be mechanically
processed.

The second magnetic circuit 4 is configured for generating a second magnetic field
defining, at the first side 1" of frame 2, a second clamping magnetic plate .
Particularly, the second clamping magnetic plate 1" is the surface of the modular
magnetic device 1 adapted to clamp the modular magnetic device 1 to a bed of a

machine tool (not shown in figures), in other words of the machine tool adapted to

perform the mechanical operations of turning, milling, etc. on the ferromagnetic
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piece.

It is useful to note that the first part 2A of frame 2 is configured in order to house
inside it, for example, the first magnetic circuit 3 while the second part 2B is
configured in order to house the second magnetic circuit 4.

For example, the first and second magnetic circuits 3, 4 are of a known type, and are
configured for generating an electro-permanent magnetic field.

According to a preferred aspect of the present invention, the first magnetic circuit 3
and the second magnetic circuit 4 are independently controllable one from the other,
in other words such first and second magnetic circuits 3, 4 can be turned on or off
independently one from the other.

To such end, it is provided a control central unit (not shown in the figures)
configured for delivering suitable electrical signals to the first and/or second
magnetic circuits 3 4 so that to perform the turning-on or turning-off cycles of the
reversible magnetic cores forming the above mentioned magnetic circuits 3, 4 by
energizing the electrical coils arranged around said magnetic cores.

It is better to note that the kind of magnetic circuit 3 can be as or different from the
kind of magnetic circuit 4.

The first and second magnetic circuits 3, 4 are preferably distinct one from the other,
ibut it is better to note that in some particular embodiments of the invention, the
functions of such two magnetic circuits can be performed by only one magnetic
circuit of the self-anchoring type, as the one described in document WO
2009/130722 Al, which is integrally incorporated as reference.

The characteristic of the modular magnetic device 1 consists of compriéing first
mechanical and electrical connection means 6, 10 and second mechanical and

electrical connection means 5, 11.
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It is useful to outline that the first mechanical connection means 6 and first electrical
connection means 10 are integral one to the other, as well the second mechanical
connection means J and the second electrical connection means 11.

The second mechanical and electrical connection means 5, 11, when is in operation,
enables to mechanically and electrically connect the modular magnetic device 1 to
the corresponding first electrical and mechanical connection means 6, 10 of a second
modular magnetic device in order to form a‘series of magnetic devices (see Figure 3).
In other words, by the electrical and mechanical connection between the
corresponding second connection means of the first device and the first connection
means of the second device, it is possible to electrically and mechanically link one to
the other a series (two, three, four, five, ten, twenty or more) of magnetic devices
arranged adjacent one to the other.

Therefore, it is possible to reciprocally connect a plurality of magnetic devices for
forming a structure of electrically and mechanically connected magnetic devices,
wherein each modular magnetic device 1is a module of such structure.
According to a preferred embodiment in the proximity of the front portion 1"" it is
provided the housing of the first mechanical and electrical connection means 6, 10
while at the rear part 1°" it is provided the housing of the second mechanical and
electrical connection means 5, 11.

In this way, it is possible to connect the head of a modular magnetic device 1to the
tail of the modular magnetic device adjacent thereto, and so on, to the extent that all
the surface of the workpiece to be clamped is covered.

According to a preferred embodiment of the present invention, the first 6, 10 and

second electrical and mechanical connection means 5, 11 of the modular magnetic

device 1and of the further modular magnetic devices are complementary means.
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For implementing the mechanical and electrical connection among the second
mechanical and electrical connection means 5, 11 of the first modular magnetic
device, and the first mechanical and electrical connection means 6, 10 of the second
adjacent modular magnetic device, the mechanical and electrical connection means
must be complementary and must comprise means for linking the first modular
magnetic device and its adjacent device configured for establishing a mechanical and
electrical lock and for enabling a reciprocal movement between the two magnetic
devices.

To this end, the linkage means are implemented by a rotary coupling about a
constraint axis Y-Y, which is transversal, preferably, orthogonal to the extension
direction X-X.

Preferably, the rotation about the constraint axis Y-Y is equal to an angle a which is
comprised in a range of varying values, for example, between 0° and +120°, so that
said modular magnetic device can be tilted by said angle a relative to the adjacent
modular magnetic device.

In other words, the linkage between the corresponding complementary mechanical
and electrical connection means of the two magnetic devices provides that there is a
coupling such to ensure an electrical, mechanical connection and a possible rotation
about the constraint axis Y-Y.

Preferably, the linkage means extend along the constraint axis Y-Y.

In order to perform the electrical connection between the complementary first 6, 10
and second mechanical and electrical connection means 5, 11, the first and second
electrical connection means comprise a male input connector 10 and a corresponding
female output connector 1 1.

Such male 10 and female connectors 11 are arranged exactly where there are the
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mechanical connection means 6 and 5, respectively.

It is better to note that the male 10 and female connectors 11 are electrically
connected one to the other by electrical cables 12.

Particularly, the electrical cables 12 are arranged inside each modular magnetic
device, in other words they are not outside the modular magnetic devices.

This fact entails an easier maintenance, replacement of the modular magnetic
devices, because it is absent the hindrance caused by the electrical cables.

When it is established the electrical connection between the second connection
means 5, 11 of the first modular magnetic device and the first connection means 6,
10 of the second modular magnetic device adjacent thereto, it is possible, by the male
input connector 10 of the first modular magnetic device, to transfer, by a plurality of
electrical cables 12, the electrical signals generated by the central control unit to all
the magnetic devices connected according to the described mode.

For example, the plurality of electrical cables 12 comprise seven cables each of them
is responsible for conveying specific electrical signals as turning-on or turning-off
signals, electrical protection signals, etc.

The male and female electrical connectors 10, 11 can be for example made by plugs
and outlets, or by bayonet-type or similar couplings.

Advantageously, in order to enable said rotation between two magnetic devices, by
avoiding unsuitable interferences and ensuring the greatest possible angle a, it is
provided that the housing wherein the first mechanical and electrical connection
means 6, 10 are received, in other words the front part 1"", is a mirror-image of the
rear part 1’" wherein the second mechanical and electrical connection means 5, 11
are located.

It is useful to note that, according to a characteristic aspect of the present invention,
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frame 2 of the modular magnetic device 1 has an area 13 which can be magnetic or
non-magnetic acting as an abutment and reference point for the workpiece which
must be processed.

In an embodiment, such area 13 can be coaxial with said first mechanical and
electrical connection means 6, 10, in other words is coaxial with the constraint axis
Y-Y of the linkage means.

Moreover, such area 13 can be easily replaceable and/or customized in order to adapt
it to the processing workpiece specifications.

According to the specific embodiment illustrated in Figure 1 and 2, it is noted that
for implementing the mechanical rotary coupling between two different modular
magnetic devices, it is provided that the first mechanical connection means comprise
a connector 6 of the first modular magnetic device wherein the second connection
means comprise a connector 3 of the second modular magnetic device.

The coupling between connector 6 of the first modular magnetic device and
connector 3 of the second modular magnetic device can be made by inserting
connector 6 of the first modular magnetic device in connector 5 of second modular
magnetic device in order to form a shape coupling having a tolerance adapted to
enable a firm mechanical connectioﬁ between the two magnetic devices and to
enable the angular rotation a between the two magnetic devices about the common
constraint axis Y-Y.

Such connectors 5 and 6 can have a substantially cylindrical shape even though
different implementation forms are provided.

Therefore, due to the rotary coupling, the two magnetic devices can be rotated one
from the other between 0° and +£120° with respect to the symmetry axis Y-Y.

When a plurality of magnetic devices are connected one to the other by the
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mechanical 6, 5 and electrical connection means 10, 11, it is possible to tilt each
device with respect to its adjacent ones of an identical or different angle a, and is
possible to implement a magnetic clamping structure having, for example, a circular
shape (alternatively, also other shapes as for example the octagonal, hexagonal,
square, rectangular shapes).

Due to that, it is possible to magnetically anchor and perform mechanical processing
operations on a workpiece of any shape, such for example a circular shape, without
wasting the magnetic clamping surface.

Obviously, a person skilled in the art, in order to satisfy contingent and specific
needs, could add several modifications and variations to the above described modular
magnetic device, all falling anyway in the scope of the invention as defined in the

following claims.
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