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DESCRIPTION

Technical field

[0001] 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

[0002] Actually, for mechanically processing (turning, milling, etc.) ferrous elements, for example 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.

[0003] 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.

[0004] 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.

[0005] 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.

[0006] 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.

[0007] 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.

[0008] Indeed, besides the problem that the acquisition costs of the magnetic plate increases as the size of the element to be
processed increases, and consequently of the corresponding magnetic plate necessary for clamping the element, there is also an
exacerbation of the electrical/mechanical/management problems.

[0009] 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.

[0010] 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 causes a limitation of the machine
performance in order to reduce the vibrations on the workpiece.

[0011] 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
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[0012] From above, it is apparent that in the magnetic devices or apparatuses field, it is very felt the need of performing the
operations of mechanical 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.

[0013] 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

[0014] Such problem is solved by a modular magnetic device for clamping ferromagnetic workpieces according to claim 1.

Advantageous effects

[0015] 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.

[0016] 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 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.

[0017] Such plurality of abutment points ensures a superior quality of the processings which are performed on the clamped
elements.

Brief Description of The Drawings

[0018] 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,

e Figure 2 shows a perspective view of the modular magnetic device of Figure 1,

e 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

[0019] With reference to the attached figures, reference number 1 shows a modular magnetic device according to the present
invention.

[0020] The modular magnetic device 1 comprises a frame 2 in which a first magnetic circuit 3 and a second magnetic circuit 4 are
arranged.

[0021] Frame 2 is made of ferromagnetic materials by manufacturing techniques known to a person skilled in the field and
therefore they are not described.

[0022] 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 arranged, and a second part 2B in which the second magnetic circuit 4 is arranged.
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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.

[0023] Alternatively and, according to a preferred embodiment, the modular magnetic device 1 is monolithic or made in just one
piece, in other words the first part 2A and second part 2B are integral.

[0024] 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.

[0025] Particularly, according to the specific shown embodiment, the longitudinal direction X-Xrepresents a symmetry axs of the
frame 2 of device 1 so that the rear part 1" 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.

[0026] 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.

[0027] 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.

[0028] 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 piece.

[0029] 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.

[0030] 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.

[0031] 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.

[0032] 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.

[0033] It is better to note that the kind of magnetic circuit 3 can be as or different from the kind of magnetic circuit 4.

[0034] The first and second magnetic circuits 3, 4 are preferably distinct one from the other, but 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 A1, which is integrally incorporated as reference.

[0035] The characteristic of the modular magnetic device 1 consists of comprising first mechanical and electrical connection
means 6, 10 and second mechanical and electrical connection means 5, 11.

[0036] 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 5 and the second electrical connection means 11.

[0037] 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.
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[0038] 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 1 is a module of such structure.

[0039] 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.

[0040] In this way, it is possible to connect the head of a modular magnetic device 1 to 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.

[0041] 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 1 and of the further modular magnetic devices are complementary
means. 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.

[0042] 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

[0043] 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.

[0044] 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.

[0045] Preferably, the linkage means extend along the constraint axis Y-Y.

[0046] 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 11.

[0047] Such male 10 and female connectors 11 are arranged exactly where there are the mechanical connection means 6 and 5,
respectively.

[0048] It is better to note that the male 10 and female connectors 11 are electrically connected one to the other by electrical
cables 12.

[0049] Particularly, the electrical cables 12 are arranged inside each modular magnetic device, in other words they are not
outside the modular magnetic devices.

[0050] This fact entails an easier maintenance, replacement of the modular magnetic devices, because it is absent the hindrance
caused by the electrical cables.

[0051] 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.

[0052] 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.

[0053] The male and female electrical connectors 10, 11 can be for example made by plugs and outlets, or by bayonet-type or
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similar couplings.

[0054] 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.

[0055] It is useful to note that, according to a characteristic aspect of the present invention, 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.

[0056] 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.

[0057] Moreover, such area 13 can be easily replaceable and/or customized in order to adapt it to the processing workpiece
specifications.

[0058] 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 5 of the second
modular magnetic device.

[0059] The coupling between connector 6 of the first modular magnetic device and connector 5 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 connection between the two
magnetic devices and to enable the angular rotation a between the two magnetic devices about the common constraint axis Y-Y.

[0060] Such connectors 5 and 6 can have a substantially cylindrical shape even though different implementation forms are
provided.

[0061] 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.

[0062] When a plurality of magnetic devices are connected one to the other by the 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).

[0063] 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.

[0064] 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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Patentkrav

1. Magnetisk indretning til at fastspaende ferromagnetiske arbejdsstykker
omfattende en ramme med;
- et fgrste magnetisk kredslgb (3) som er konfigureret til at generere et
fgrste magnetisk felt indrettet til at fastspaende et ferromagnetisk
arbejdsstykke som skal behandles,
- et andet magnetisk kredslgb (4) som er konfigureret til at generere et
andet magnetisk felt indrettet til at fastspaende det ferromagnetiske
arbejdsstykke (1) til et maskinvaerktgjsfundament,
- hvor det fgrste magnetiske kredslgb (3) og det andet magnetiske
kredslgb (4) er indrettet til at blive styret til at taende og slukke uafhaengigt
af hinanden,
kendetegnet ved at den omfatter fgrste (6, 10) og andet (5, 11) mekanisk og
elektrisk forbindelsesorgan til mekanisk og elektrisk at forbinde den magnetiske
indretning, nar i drift, med andet og fagrste komplementaere mekaniske og
elektriske forbindelsesorgan af andre modulzere, magnetiske indretninger placeret
tilstadende dertil, for at skabe en serie af modulaere, magnetiske indretninger

mekanisk og elektrisk forbundet sammen.

2. Magnetisk indretning ifglge krav 1, hvor det fgrste og andet mekaniske og
elektriske forbindelsesorgan (6, 5, 10, 11) omfatter mekanisk forbindelsesorgan
(6, 5) til at tilvejebringe mekanisk kobling som tillader gensidig bevaegelse
mellem en modulger, magnetisk indretning og en anden modulaer, magnetisk

indretning tilstgdende dertil.

3. Magnetisk indretning ifglge krav 2, hvor forbindelsesorganet omfatter en

rotationskobling, som involverer rotation omkring en forankringsakse (Y-Y).

4. Magnetisk indretning ifglge krav 3, hvor forbindelsesorganet omfatter en
rotationskobling, til at tillade rotation omkring forankringsaksen (Y-Y) over en
vinkel (a) som falder inden for et omrade fra 0 til £120° saledes at den
magnetiske indretning kan vaere skrédende med vinklen (a) i forhold til den
magnetiske indretning tilstgdende dertil.
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5. Magnetisk indretning ifglge et hvilket som helst foregdende krav, hvor det
fgrste og andet mekaniske og elektriske forbindelsesorgan (6, 5, 10, 11) omfatter
en han-input elektrisk forbinder (10) og en respektiv hun-input elektrisk forbinder

(11).

6. Magnetisk indretning ifglge et hvilket som helst foregdende krav, hvor den
magnetiske indretning primaert strackker sig i en langsgaende retning (X-X) og
definerer fgrste (1') og anden (1") side ved de modstdende stgrre overflader hvis

ender definerer en forreste del (1"") og en bageste del (1) af rammen (2), den
langsgdende retning (X-X) dannende en symmetriakse for rammen (2), saledes at
den forreste del (1"") og den bageste del (1") stér overfor hinanden langs
symmetriaksen (X-X), hvor forankringsaksen (Y-Y) er transversal, fortrinsvis
ortogonal i forhold til udstraekningsretningen (X-X).

7. Magnetisk apparat ifglge krav 6, hvor den forreste del (1) er komplementaer

med den bageste del (1™).

8. Magnetisk indretning ifglge krav 3, omfattende mindst et magnetisk eller ikke-

magnetisk omrade (13) som er koaksialt med forankringsaksen (Y-Y).

9. Magnetisk indretning ifglge krav 1, omfattende en fgrste del (2A) med det
fgrste magnetiske kredslgb (3) anbragt deri og en anden del (2B) med det andet
magnetiske kredslgb (4) anbragt deri.

10. Magnetisk indretning ifglge krav 1, hvor det fgrste mekaniske
forbindelsesorgan (6) integrerer det fgrste elektriske forbindelsesorgan (10) og
det andet mekaniske forbindelsesorgan (5) integrerer det andet elektriske

forbindelsesorgan (11).
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DRAWINGS
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