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Description

[0001] The present invention regards a magnetic in-
duction furnace suitable to heat at least one metal billet,
solid or tubular, made of non-ferrous material to be sub-
jected to extrusion, according to claim 1.
[0002] The physical principle according to which by in-
troducing a body made of ferromagnetic or paramagnetic
or diamagnetic or a conductor metal body into a magnetic
field, there are generated parasitic currents that lead to
the heating of the metal body due to the Joule effect, has
been known over the years. This physical principle was
used for heating metal billets with the aim of making them
more pliable and thus malleable for a subsequent extru-
sion operation.
[0003] WO2010/100082 describes a device for heating
metal objects through electromagnetic induction. Such
document describes the use of a stator suitable to move
at least one permanent magnet rotor of the ring type and
in which there is positioned said object, for example cy-
lindrical-shaped. Several permanent magnet rotors may
be provided for (driven by only one stator or by corre-
sponding stators), to generate a parasitic current and
thus heat the body with the aim of obtaining a desired
temperature distribution or profile along the surface of
the body (cylindrical). This for differentiating the heating
of such body so as to have a subsequent uniform extru-
sion. Such body may be made of copper or aluminium.
[0004] In the aforementioned PCT there is shown a
vertical axis induction heating device (which will be re-
ferred to as "induction furnace" hereinafter for the sake
of simplicity) for heating billets arranged vertically with
respect to a plane for supporting the device or the afore-
mentioned furnace.
[0005] However, in WO2010/100082, the billet is sub-
jected to movement during the heating thereof, said
movement possibly rotating around the axis thereof
and/or longitudinal along such axis. This with the aim of
obtaining uniform temperature distribution along the
aforementioned axis, between the ends of the billet. This
necessarily requires having means suitable to rotate or
generate such axial movement of the billet, thus compli-
cating the manufacturing of the furnace and increasing
the costs thereof. In addition, the axial movement of the
billet into and out of the furnace or with the possibility of
projecting therefrom during the displacement entails a
continuous heating and subsequent cooling of the end
of the billet (with considerable waste of energy), while
the central part - still submerged in the variable or rotary
magnetic field of the furnace, has temperatures that are
high and greater than those of the end. This may nega-
tively affect the extrusion operation to which the billet is
subjected subsequently.
[0006] In addition, the means movably supporting the
billet during the movement are also subjected to heating
that could damage them over time.
[0007] Lastly, specifically due to the fact that the object
- in the heating step - is subjected to movement (rotary

or axial) in the furnace, were such object to be made up
of several parts arranged axially adjacent and consecu-
tive to each other, the ends of such parts at contact must
be necessarily machined so as to suitably arrange them
one on the other without the possibility of mutual dis-
placement during the movement thereof. Otherwise, the
parts of the object undergoing heating (for example two
or more consecutive billets) could end up arranged with
longitudinal axes not coaxial to each other, relatively in-
clining with the possibility of impacting the walls of the
compartment in which they are arranged, the walls being
defined by the rotor with the permanent magnets or fil-
tering means interposed between such rotor/s and the
aforementioned object.
[0008] US 2010/0147833 dicloses an apparatus and
related method for inductively heating a workpiece. The
apparatus comprises a first magnetic unit that is rotated
about a metallic workpiece utilizing a super-conducting
spool, and a second magnetic unit which can be utilized
to generate an exterior magnetic field operable to drive
the first magnetic unit.
[0009] The first magnetic unit is inside and coaxial to
the second magnetic unit.
[0010] In one embodiment, permanent magnets are
provided on the outer surface of the first magnetic unit.
[0011] US 2010/0147834 dicloses a method for induc-
tion heating of a metallic workpiece to a desired temper-
ature by rotating the workpiece relative to a direct-current
magnetic field permeating the workpiece. The workpiece
is clamped between two clamping jaws adapted to be
rotated about a common axis. At least one of the clamping
jaws is driven to rotate, and at least one of the clamping
jaws is adapted to be actively displaced along or parallel
to the rotation axis. The contact force of at least one of
the clamping jaws is regulated; moreover, at least one
mechanical parameter representative of the workpiece
temperature is measured as an actual value and is com-
pared with a desired value of this mechanical parameter
as being representative of the desired temperature.
[0012] WO 2012/050552 relates to an apparatus for
magnetic induction hardening of a workpiece.
[0013] The apparatus includes a magnetic tool having
a body portion formed of a generally non-magnetic ma-
terial. The body portion has a surface configured to be
positioned in close proximity to the workpiece being hard-
ened. The apparatus further includes a magnetic ar-
rangement coupled to the body portion at or adjacent the
surface of the body portion and configured to provide
regions of alternating polarity. A workpiece holder is con-
figured to support the workpiece in close proximity to the
surface of the magnetic tool. A drive arrangement for
rotating the magnetic tool relative to the workpiece holder
about an axis of rotation is provided to induce heating of
the workpiece to achieve a temperature in the austenitic
range of the workpiece resulting in hardening of the work-
piece through a microstructural transformation.
[0014] WO 2013/128281 relates to a device for induc-
tion heating of a billet. The device comprises a tubular
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body supporting a plurality of permanent magnets ar-
ranged inside the tubular body, angularly spaced apart
from each other and arranged so as to be alternated with
opposite polarities; a support for the billet is arranged
inside the tubular body and faces said magnets. It is pro-
vided a motor adapted to rotate the tubular body with
respect to the billet in order to induce currents in the billet
that circulate within the metal material, obtaining the
heating of the billet by the Joule effect. An integral cooling
system for the permanent magnets is provided, this being
carried by the tubular body and suitable for feeding cool-
ing air flows between adjacent permanent magnets.
[0015] An object of the present invention is to provide
a magnetic induction furnace for heating metal billets,
solid or tubular, made of non-ferrous material (such as
for example aluminium) to be subjected to extrusion that
is improved with respect to the prior art furnaces.
[0016] In particular, an object of the invention is to pro-
vide a furnace of the aforementioned type that is simpler
with respect to furnaces of the state of the art and thus
less costly with respect to the latter.
[0017] Another object is to provide a furnace in which
the billet can be heated at the desired temperature uni-
formly over the entire length.
[0018] A further object is to provide a furnace of the
aforementioned type in which there can be heated sev-
eral unprocessed billets (billets not subjected to particular
surface treatment) consecutively arranged along the axis
of the furnace.
[0019] These and other objects which shall be more
apparent to the man skilled in the art are attained by a
furnace according to the main claim.
[0020] For a better understanding of the present inven-
tion, the following drawings are attached hereto, by way
of non-limiting example, wherein:

figure 1 shows a perspective view of a first embod-
iment of the invention in a first operating position;
figure 2 shows a view similar to that of figure 1, but
of the furnace according to the invention in a different
operating position;
figure 3 shows a particular view, enlarged, of a part
of the furnace of figures 1 and 2;
figure 4 shows a perspective view of a variant of the
furnace of figure 1;
figure 5 shows a sectional view according to line 5-5
of figure 4;
figure 6 shows a perspective view of a component
of the furnace of figure 4 i.e. a heating section there-
of;
figure 7 shows an exploded view of a part of the
component of figure 6;
figure 8 shows a complete exploded view of the com-
ponent of figure 6;
figure 9 shows a sectional view according to line 9-9
of figure 6;
figure 10 shows a perspective view of a further var-
iant of the furnace of figure 1 which is not part of the

present invention;
figure 11 shows a top view, with some parts omitted
for greater clarity of the variation of figure 10;
figure 12 shows a perspective view of the variant of
figure 11 from another side; and
figure 13 shows a perspective view of a component
of the furnace of figure 11;
figure 14 shows a perspective view of an application
of a furnace according to another embodiment used
jointedly with a common gas furnace for heating bil-
lets and which is not part of the present invention;
figure 15 shows a perspective view of the application
of figure 14 with the furnace represented in exploded
view; and
figure 16 shows a lateral view of the application of
figure 14 with the furnace represented in exploded
view;

[0021] With reference to the aforementioned figures,
a furnace according to the invention is generally indicated
with 1 and it is suitable for heating by means of magnetic
induction a body 2 (by way of non-limiting example, an
aluminium alloy billet) having a cylindrical body 3 (solid
or hollow i.e. tubular) with juxtaposed ends 4 and 5. Such
billet 2 is suitable to be positioned, stably, in a heating
part 6 of such furnace, such part comprising means suit-
able to generate, by magnetic induction, a radial rotating
magnetic field and with variable intensity around the billet
so as to generate - in the latter - parasitic currents that
cause the heating thereof up to a desired temperature,
for example around 500°C (in case of aluminium alloys)
or greater (in the exemplifying cases of other non-ferrous
materials such as copper, bronze, brass, silver, etc.).
[0022] The radial rotating magnetic field generated,
contrary to the longitudinal one that is usually generated
in the prior art magnetic induction furnaces, enables hav-
ing a more homogeneous and better heating of the billet
with respect to what can be obtained with the prior art
solutions; in particular, it enables obtaining a heating of
the billet 2 such that the outer temperature (superficial)
of the latter differs very slightly with respect to the internal
temperature thereof (core).
[0023] The heating part 6 of the furnace 1 is preferably
associated to a fixed structure 10 comprising a base 11,
at least one screw 12 (or equivalent movement actuator
with axis Z), of the recirculating ball or trapezia type, and
a pressing element 13 arranged at a distance from such
base 11.
[0024] The pressing element 13 is made of material
that is refractory material and with high coefficient of fric-
tion; it has a surface for contact with the billet preferably
obtained with one or more projections suitable to "bite"
the billet.
[0025] Advantageously, the terminal part 13A of the
pressing element (or the very element) may move in a
floating fashion with respect to the vertical axis W of such
element 13 (i.e. oscillating around the axis W) so as to
adapt to possible inclinations of the free terminal parts
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of the billet at contact therewith with respect to such axis.
[0026] The heating part 6 is suitable to hold the billet
2 during the heating thereof without the latter being sub-
jected to any movement when in such part 6 there is
generated the magnetic field for heating the billet by in-
duction. Thus, the latter is in an absolutely fixed and sta-
tionary position in the part 2 during the heating thereof.
[0027] Figures 1-3 show a first embodiment of the fur-
nace 1. It has a heating part 6 mobile with respect to the
base 11 along the guides 15 (vertical and lateral with
respect to the part 6) which connect the base with a castle
or structure 16 arranged above the base; the part 6 is
associated with a threaded element (spiral) 600 fitted on
the screw 12 which in turn rotates in the castle or structure
16 carrying the pressing element 13 through the action
of a kinematic unit 18 made up of a motor, transmission
or gear motor provided with a service brake on suitable
gears (not shown) cooperating with the screw 12. In case
of electrical power failure, the service brake is deactivat-
ed and the heating part 6 slides along the guides 15 by
means of the screw 12 moved by the weight thereof, free-
ing the billet 2.
[0028] The movement of the heating part 6 is obtained
jointly with a lower flat portion 20 thereof and along a
column 21. Such column supports a fixed end plate 21A
suitable to cooperate with the pressing element 13 to
hold the billet at a fixed position during the heating. This
is facilitated by the surface of the pressing element 13
which is made of material with high coefficient of friction
(for example of the type used for making brake pads) at
contact with the billet.
[0029] Advantageously, such plate 21A is also made
of refractory material and it may floatingly oscillate to
adapt to the surface of the billet 2 that rests thereon.
[0030] At least one from among said plate 21A and
said element 13 comprises means for measuring the tem-
perature of the billet (for example, means operating at
contact such as a thermocouple or from a distance such
as optical pyrometers) which enable detecting the tem-
perature thereof in the heating step and controlling the
magnetic induction heating of the billet. Such control is
carried out by a special unit for commanding and con-
trolling the various functions of the furnace, not repre-
sented.
[0031] It should be observed that the heating of the
billet may be carried out according to zones and the tem-
perature of the latter may be selected and evaluated (as
described hereinafter).
[0032] In any case, the measurement of the tempera-
ture is carried out preferably and for safety and control
purposes: actually, knowing the characteristics of the ma-
terial to be heated and the energy required to obtain such
heating, it is possible to calculate the temperature
reached by the billets without direct measurement there-
of.
[0033] The control unit also cooperates with an ele-
ment suitable to measure the pressure exerted by the
pressing element 13 on the billet. Such measurement

element is advantageously, for example, a load cell.
Thanks to the pressure data detected by such cell and
the temperature data detected by temperature measure-
ment means, the control unit adjusts the pressure exerted
by the pressing element 13 as a function of the energy
used for heating generated by the heating part 6.
[0034] The pressure measurement element is also
used for safety purposes for controlling the pressure ex-
erted on the billet with the aim of avoiding deformation
thereof (for extending the same when hot) and possible
problems to the furnace as a whole.
[0035] Such element is used to indirectly control the
extension of the heated billet thus avoiding further over-
pressure of the mechanical parts at contact therewith or
deformations thereof capable of causing them to exceed
the tolerances provided for by the requirements.
[0036] Furthermore, the heating part 6 has lateral
plates 22 supporting idler rollers or shoes 23 suitable to
move along the lateral guides 15, so as to guide the move-
ment of the heating part 6 towards the castle or structure
16.
[0037] The heating part 6 of the furnace 1 comprises
one or more (like in the example) heating sections 25
provided with coaxial (or annular) brushless electric mo-
tors 250, per se known (and which will be described here-
inafter). Thus, every section 25 has a coaxial annular
shape and it is superimposed and/or connected with oth-
er sections and thus delimits a central hole suitable to
serve as a seat or compartment 27, with vertical axis W
with respect to a plane P on which the furnace 1 lies, for
the billet 2 when it is subjected to magnetic induction
heating. As described hereinafter, a ring carrying perma-
nent magnets in which the billet 2 is inserted, is provided
in each of such sections 25 and motors 250.
[0038] In the example of the figures, various heating
sections 25 are mutually axially superimposed (for ex-
ample preferably being 2, 4, 6 or 8), each section having
an annular motor 250 thereof; the entirety is arranged in
a container 28 defined by the lower portion 20 and by the
lateral plates 22 mentioned above, as well as by other
plates 22A arranged on other sides of the part 6 different
from those where the plates 26 are arranged. Thus, the
container 28 is shaped to form a solid polygon (parallel-
epiped or cube, as a function of the number of sections
25 present) whose upper face 28A is open and delimited
by the section placed at the top part of the stack of sec-
tions 25 present in the container.
[0039] Such container is mobile, in its entirety, along
the guides 15 towards the castle or structure 16 and thus
receives in the seat or compartment 27 a billet arranged
on a plate 21A which remains fixed in that integrally joined
to the column 21 in turn integrally joined to the base 11.
Such movement is obtained by rotating the screw 12 by
means of the kinematic unit 18, said movement leading
to the sliding of the threaded element 600 therealong and
thus the movement of the part 6 along the guides 15.
Such movement, i.e. the sliding of the part 6 with respect
to the base 11, is controlled by a linear transducer ar-
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ranged in the castle or structure 16 (and not shown).
[0040] More in particular, such linear transducer is as-
sociated to the pressing element 13 so as to enable
measuring the exact length of the billets through an initial
movement of such element 13 after loading the billet into
the furnace 1 which brings such element 13 to contact
with the billet. This exploiting the fact that the plate 21A
is fixed and it determines the reference plane.
[0041] Through this measurement (entirely automat-
ic), the control unit controls the lifting of the heating part
6 by rotating the screw 12 so that the displacement of
said part 6 covers the actual length of the billet. It should
be observed that such length is not constant (though es-
tablished nominally), due to the fact that it derives from
a previous billet cutting operation that does not always
allow having a fixed and definite measurement of the
billet.
[0042] Furthermore, due to the measurement of the
actual length of the billet, a pick-up arm that moves it
from the furnace to a forging machine may always be
positioned and grasp it at the most appropriate point with
the aim of avoiding unbalancing thereof during the dis-
placement thereof or to allow it to overcome possible
obstacles present along the displacement path.
[0043] Thus, the billet 2 can access the seat or com-
partment 27 from the face 28A, said compartment start-
ing at such face and terminating at the portion 20 men-
tioned further above.
[0044] With reference to the figures 6-9, each heating
section 25 comprises an outer containment body 30 that
is annular-shaped and having a central hole 31. The cor-
responding ring-shaped electric motor 250 is positioned
in such hole. The motor 250 comprises a motor stator 33
and an inner motor rotor with permanent magnets 34.
The stator 33 is electrically supplied through connectors
36 projecting from the containment body 30. In the latter,
around the stator 33 there is present a cooling circuit (of
the type with water, glycol or any other fluid) supplied
through pipes connected to connections 38 present in
the body 30.
[0045] In the motor 250 there is positioned an annular
rotor 40 (or calibrator magnetic body which also serves
as a spacer, which is cylindrical in the embodiment of the
figures) defined by at least one annular body 41 contain-
ing an annular cylindrical member 41A with an axial hole
and carrying a plurality of fixed permanent magnets 43
whose arrangement defines seats 44 that can be con-
veniently used as channels for cooling the magnets and
applied to the body 41 thereof. The body 40 (or "annular
magnetic rotor" considering such body 40 as a whole i.e.
with the body 41, the member 41A and the magnets 43)
rests on bearing members 47 interposed between the
permanent magnet rotor 34 and the hollow portions 48
provided inside the body 41 in proximity of the juxtaposed
ends thereof.
[0046] Given that the billets 2 may have different di-
ameters, the member 41A may have different embodi-
ments with different axial holes thus defining seats or

compartments 27 of different shape for the different bil-
lets. Furthermore, as mentioned, though represented as
a hollow cylinder in the figures, such rotor 40 may also
be formed to shape a simple ring supporting the magnets
43 in suitable seats of the body thereof 41.
[0047] Advantageously, the magnets are shaped
"roof-tile-like" (and they are not a parallelepiped-shaped
or cubic block) and this enables having high magnetic
performance due to the fact that the magnetic flows com-
pletely enclose a corresponding support ring 41A and
closing end covers 49B (which close each section 25),
made of magnetically permeable material; in addition,
thanks to such roof-tile-like shape, the aforementioned
flows are conveniently directed towards the piece to be
heated (billet 2) thus determining high penetration into
the latter.
[0048] Each section 25 comprises, as mentioned, the
end covers for closing the bearings 49B and correspond-
ing end magnetic flanges 49A suitable to close the mag-
netic field of the magnets (and maintain it in the group of
the magnets 43) and a flange for supporting the bearings
49C.
[0049] Preferably, the magnets 43 are covered to-
wards the seat or compartment 27, by an aluminium cyl-
inder (not shown) as high as the group of magnets 43.
Such cylinder is in turn covered by a layer (also not
shown) made of infra-red radiations reflecting material
suitable to break the same towards the billet arranged in
the seat or compartment 27 thus protecting the magnets
43 against excessive heating.
[0050] This also contributes to an improvement of the
heating of the billet 2.
[0051] In the embodiment (non-limiting) of figures 1-3,
the rotors project from the containment body 30 and they
are guided in rotation by a plurality of grooved discs 50
freely rotating on pins 51 fixed at angular portions 51A
of such body. Every grooved disc 50 has a cavity 54 with
which there cooperates a flange or collar 55 radially pro-
jecting from the corresponding rotor.
[0052] The embodiment of the invention of figures 1-3
provides for that the heating part 6 be mobile along the
guides 15 to carry out the heating of the billet. As a matter
of fact, in an initial use step of the invention, the heating
part 6 rests on the base 11. Maintaining this configuration,
a billet 2 is positioned (by a common handling device,
not shown, outside the furnace 1) between the pressing
element 13 and the plate 21A and the pressing element
13 is actuated to block such billet between it and the plate
21A.
[0053] Advantageously, the pressing element 13 is de-
fined by a hydraulic, pneumatic or hydropneumatic actu-
ator with mobile plunge 13A suitable to press the billet 2
against the plate 21A. This also enables countering any
and possible rotation reaction of the billet when the mag-
netic rotors 40 contained in the stations 25 are activated,
the rotation being generated by the rotating magnetic
field caused by the movement of the rotors 34 contained
in the stators 33 of the aforementioned motors 250. Such
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rotation, may be avoided, reduced or countered by alter-
nating the direction of rotation of the rotors 34 of the mo-
tors 250 of adjacent and consecutive heating sections
25 from clockwise to anticlockwise rotation.
[0054] The part 6 is thus lifted by the rotation of the
screw 12 towards the castle or structure 16 until it covers
the entire billet 2 i.e. until it is entirely into the seat or
compartment 27. Thus, it should be observed that the
entirety of the sections 25 stacked in the body 30 cover
the entire length of the billet 2.
[0055] Once the aforementioned motors are activated,
due to the magnetic field generated by the annular rotors
40 preferably penetrating into the material of the billet in
the radial direction, parasitic currents are generated in
the billet heating it due to the Joule effect. Such heating
is controlled in a per se known manner, for example by
means of thermocouples associated to the pressing el-
ement 13 and the plate 21A. Advantageously, other ther-
mocouples may be arranged between the various heat-
ing sections 25 so as to enable measuring temperature
along the billet and not just on the two heads or ends
only. This enables a better monitoring or control of the
temperature trend i.e. the heating of the billet along the
entire axis thereof.
[0056] After such operation, the motors 25 are deacti-
vated and the part 6 is returned to the base 11; the billet
thus heated (held by the element 13 on the plate 21A) is
removed from the furnace 1 (for example by means of a
handling device) and inserted, even directly, into an ex-
truder through this or another handling device (not
shown). As a matter of fact, due to the particular shape
of the furnace, it may have small transversal dimensions
(slightly bigger than one or two metres per side on the
plane P) and be arranged on the side of the extruder,
thus enabling quick loading of the heated billet into the
latter.
[0057] Given that the billet 2 is stationary during heat-
ing, there is no need for more or less complex mecha-
nisms suitable for supporting it during such operation:
the billet may simply be placed on the plate 21A associ-
ated to the heating part 6 of the furnace 1 (and which is
the part actually serving as a "furnace" of the latter) and
preferably pressed on the plate 21A by the pressing el-
ement 13.
[0058] It should be observed that the motors 250 used
are of then ring-like coaxial type, as mentioned, and pref-
erably they are advantageously of the three-phase syn-
chronised type provided with a number of poles and wind-
ings necessary for optimising torque and having the re-
quired power. Such motors have a high performance at
around 95%. They are "sensorless" i.e. they are not pro-
vided with transducers for setting the position of the rotor
and the motor revolutions. Thanks to a calculation algo-
rithm, the aforementioned control unit of the furnace pro-
vides the synchronisation of all motors 250 of the part 6
and their correct variation of the number of revolutions
as a function of the temperature distribution requirement
desired in the billet and possibly the cone temperature.

[0059] Each magnetic rotor 40 has a number of poles
not bound to a specific value and this number can be an
even or odd number and greater than two in any case.
[0060] The magnetic induction furnace in question has
a high performance at around 95%. As a matter of fact,
given that they are permanent magnets, the magnets
used (Neodymium Iron Boron, NdFeB) do not need mag-
netisation currents like it instead occurs for cores of an
electromagnetic induction furnace where part of the en-
ergy supplied to the cores is dissipated in heat (up to
50% of the supplied energy).
[0061] In a variant shown in figures 4 and 5 the part 6
of the furnace 1 is fixed to the base 11 while beneath the
latter there is provided for a well or compartment 60 (ob-
tained in a plane P on which such base lies) in proximity
of which there is present a mobile support 61 for the billet
2. Such support is associated to an actuator 62 (for ex-
ample a screw 63 driven by an electric motor 64) con-
tained in such compartment 60.
[0062] In such case, non-operative, the support 61 is
arranged in proximity of the base 11 i.e. of the lower por-
tion 20 of the furnace 6 which - contrary to the embodi-
ment of figures 1-3 - is provided with a central hole 66
coaxial with the seat or compartment 27 for the billet.
When required to heat the billet 2, such support (called
axis Z) is raised in the seat or compartment 27 up to the
upper face 28A of the container 28 of the part 6, through
the actuator 62; there is thus positioned, on such support
61, the billet 2 which is thus pressed against the support
of the pressing element 13.
[0063] At this point, both the pressing element 13 and
the actuator 62 move jointly along the axes Z and W of
the seat or compartment 27 inserting the billet into the
heating part 6 and holding it fixed and blocked in such
seat. After the heating thereof (obtained using the heating
sections 25), such movement is reverse repeated and
the heated billet is removed from the seat or compartment
27 so as to be removed from the furnace.
[0064] Thanks to the invention, even several billets 2
(not always regular-shaped) arranged along the axes Z
and W may be subjected to heating without requiring any
surface treatment on the heads thereof to enable perfect
alignment between them and maintaining such alignment
during the heating operation.
[0065] Figures 10-13 show a further variant of a fur-
nace which is not part of the present invention. In such
figures, parts corresponding to those of the figures de-
scribed previously are indicated using the same refer-
ence numbers.
[0066] In the variant in question, the structure of the
furnace is of the horizontal axis type in the sense that the
heating part 6 is mobile parallel to the horizontal plane P
on which the furnace lies. The figure shows a furnace 1
with two groups of heating parts 6 operating parallel or
alternating with respect to each other (when one part
heats, the other one is loaded with a billet 2 to be heated
or an already heated billet is removed therefrom).
[0067] The furnace 1 comprises a base 11 having end
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uprights 110 supporting pressing elements 13 (similar to
that 13 of figure 1 already described), driven by linear
actuators of the hydraulic, pneumatic or hydro-pneumatic
type. Each pressing element has an actuator 130 and
the mobile plunger 13A (carrying a body 131 suitable to
cooperate with the billet 2 at an end thereof). In the em-
bodiment shown in the figures in question, the furnace 1
has pairs of mobile juxtaposed plungers 13A, coaxial at
least placed on the same longitudinal axis M along the
furnace 1.
[0068] The heating parts 6 of the furnace that, in a pre-
ferred embodiment, comprise two portions 66A and 66B
associated to carriages 140 mobile along guides 145
present on the base 11 move along such axis M. Such
movement is obtained through per se known electrome-
chanical (like of the screw type and a connected electric
motor), hydraulic, pneumatic or hydropneumatic actua-
tors. Each portion 66A and 66B comprises at least one
heating section 25 provided with a coaxial motor 250 sl-
idable, thanks to the inner compartment or seat 27, along
the corresponding plungers 13A.
[0069] Thus, according to the variant in question, a bil-
let 2 may be carried by a handling device 300, for example
a small overhead crane or carriage 310 moveable along
overhead guides 311 and provided with its own means
for actuating the movement; said handling device com-
prises mobile gripping members 313, for example a
clamp, associated to a vertical movement member (for
example a support arm or, a pulley, an overhead crane)
314 which enables taking a billet 2 (moved along the
overhead guide 311 by the carriage 310) at the axis M
when the juxtaposed pistons 13A are in a position such
to space the bodies 131. Advantageously, one or more
mobile saddles associated to the base 11 support the
billet along such axis M.
[0070] When the billet is in such position, the plungers
are moved so as to approach their bodies 131 and secure
the billets therebetween. At this point every saddle with-
draws (having finished the function thereof) and the billet
is held by the pressing elements 13 alone. Obviously, in
this step every heating part or portion thereof is proximal
to the uprights 110.
[0071] This done, such heating parts are moved along
the base 11 so as to "wind" the billet 2 receiving it in the
seat or compartment 27 thereof.
[0072] In the case of the example of the figures, the
two portions 66A and 66B are enclosed around the billet
and they are locked one on the other by means of lateral
plates 370 associated to the outer containment body 30
of such heating sections 25. After heating, such portions
66A and 66B separate, each slide rises from the base,
the elements 13 release the billet which can thus be re-
moved.
[0073] Due to invention, in the various embodiments,
there is obtained a compact furnace, with low mass as
well as low installation and maintenance costs. This
thanks to the adaptability of the seat or compartment 27
to various dimensions of the billet with the replaceability

of the member 41A carrying the magnets 43 (with mem-
bers defining seats or compartments of various sections).
[0074] Furthermore, for the particular embodiment of
the heating part 6 and the electric motors 250 and the
relative magnetic rollers 40 there are obtained frequen-
cies of magnetic flow lines considerably lower than those
required in the induction furnaces. For such reason, they
penetrate deeper into the billet thus obtaining a more
uniform heating.
[0075] Thus, this enables obtaining a very high general
performance of the furnace, higher than 80-85%.
[0076] In addition, the invention enables obtaining a
furnace that allows the non-uniform heating of the billet
between one end and the other; this technique (or tem-
perature cone) is required so as to obtain uniform tem-
perature during extrusion. This possibility of heating the
billet in a differentiated manner along the axis thereof
derives from the use of a heating part 6 with electric mo-
tors which rotate at different speeds: the faster the rota-
tion of the magnetic rotors 40 coaxial to the electric mo-
tors 250, the higher the temperature reached by the billet
section arranged in such motor within the pre-established
time unit.
[0077] Obviously, should such temperature distribu-
tion not be desired, but one desires any section of the
billet to have a different temperature with respect to the
others, all that is required is to adjust the rotational speed
of the electric motor and thus of the motor 40 contained
therein in which there is arranged such section with the
aim of obtaining the desired temperature.
[0078] Figures 14-16 show a particular application of
the furnace of figure 1 which is not part of the present
invention, to a common gas furnace 400. In such figures,
parts corresponding to those described previously are
indicated using the same reference numbers.
[0079] According to this embodiment, on one side
400A of the furnace 400 there are arranged guides 440
suitable to support the furnace 1. More in particular, the
latter comprises a body 401 having guided elements 443
slidable on the guide 440 and clamp means 445 suitable
to secure a billet (not shown) to the exit of the furnace.
Such means 445 are of the clamp type and comprise an
actuator 446, for example hydraulic, suitable to act on a
return member 447 hinged to the body 401 and in turn
acting on a rod 448 hinged to a first half-clamp 449. The
other second half-clamp 450 is integrally joined to the
return member 447 and it is hinged, similarly to what oc-
curs with the first half-clamp 449, to a corresponding pin
451, 452 rising from a flat face 455 of the body 401.
[0080] Brackets 463 supporting at least one heating
section 25 of the furnace 1 (only one of which is shown
in the figures in question), detach from the upper 460 and
lower 461 sides of the body 401. Such section is closed
by another body 402 provided with clamp means like
those 445 described above which will thus be indicated
with the same reference numbers on the figures and
which will not be described further.
[0081] Lastly, there are provided for walls 403 and 404:
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the fist (403) is interposed between the body 401 and the
heating section 25 and the second (404) is arranged fron-
tally i.e. on the vacant wall of the furnace 1. They respec-
tively serve as a spacer and protection.
[0082] The furnace 1 applied to the gas furnace 400
enables heating the end of the billet, already heated by
the furnace 400 and exiting therefrom, at a temperature
different from that of the gas furnace, thus enabling a
cone-like heating of the billet (i.e. creating a cone tem-
perature trend therein).
[0083] In use, the billet exiting from the furnace is se-
cured by the half-clamps 449 and 450 of the clamp means
445 of the bodies 401 and 402 and held stationary while
the section 25 heats it according to the methods de-
scribed regarding the previous figures.
[0084] On the contrary, if needed to further heat the
billet or create a cone temperature therein, the furnace
1 may be moved (for example through driving means not
shown) on one side of the exit opening of the billet of the
furnace 400.
[0085] Various embodiments of the invention have
been described.
[0086] However, many other variants may be provided
in the light of the preceding description and they shall be
deemed to fall within the protection scope of the invention
as defined by the claims that follow.

Claims

1. Magnetic induction furnace (1) to heat solid or tubular
metal billets (2) made of non-ferrous material to be
subjected to extrusion, the magnetic induction fur-
nace (1) comprising a heating part (6) in which there
is present at least one heating section (25) compris-
ing at least one coaxial annular electric motor (250)
having a fixed motor stator (33) and a permanent
magnet motor rotor (34) mobile in said stator (33),
the heating section (25) being configured to contain
each billet (2) in completely stationary state when it
is inserted into the furnace during the entire heating
operation, wherein an annular rotor (40) carrying a
plurality of permanent magnets is provided inside
each coaxial annular electric motor, said annular ro-
tor (40) being coaxial to said motor stator (33) and
motor rotor (34) of the coaxial annular electric motor
(250) and defining a compartment (27) with vertical
axis (W) with respect to a plane (P) on which the
furnace (1) lies, the annular rotor (40) being config-
ured to contain at least one billet (2) when heated
by magnetic induction through the movement of the
annular rotor (40) contained in the motor rotor (34)
of the coaxial annular electric motor (250), said com-
partment (27) being configured to contain completely
the billet during the heating operation in the steady
position.

2. Furnace according to claim 1, characterized in that

the annular rotor (40) comprises an annular body
(41) containing an annular cylindrical member (41A)
carrying a plurality of fixed permanent magnets (43),
the arrangement of the annular cylindrical member
(41A) bounding an axial hole defining the compart-
ment (27) suitable to contain at least one billet (2).

3. Furnace according to claim 2, characterized in that
the magnets (43) are covered towards said compart-
ment (27) by an aluminium cylinder which in turn is
covered by a layer made of infra-red radiations re-
flecting material suitable to protect the magnets (43)
against excessive heating.

4. Furnace according to Claim 1, characterized in that
it comprises a plurality of heating sections (25), each
of these sections comprising a coaxial annular elec-
tric motor (250) containing an annular rotor (40) car-
rying the permanent magnets (43), the heating sec-
tions being superimposed each other and delimiting
the compartment (27) for the billet (2) with their an-
nular rotor (40).

5. Furnace according to Claim 4, characterized in that
the annular electric motors (250) of the plurality of
heating sections (25) rotates at different speeds so
that their corresponding annular rotors (40) generate
different magnetic flow lines and a non-uniform heat-
ing of the billet is obtained.

6. Furnace according to claim 1, characterised in that
the heating part (6) is associated to a fixed structure
(10) comprising a base (11), and at least one press-
ing element (13) separated from such heating part
(6) and suitable to hold said billet (2) blocked during
the heating.

7. Furnace according to claim 6, characterised in that
the heating part (6) is mobile with respect to such
fixed structure (10).

8. Furnace according to claim 7, characterised in that
there are present vertical guides (15) with respect to
said plane (P) connecting the base (11) to a structure
(16) carrying the pressing element (13), said heating
part (6) moving along such guides, there being pro-
vided for actuator means (12, 18) associated to such
structure (16) and guided means (600) associated
to the heating part (6) suitable to displace said part
along said guides (15) .

9. Furnace according to claim 8, characterised in that
said actuator means (12) are a screw driven by an
electric motor (18) in a controlled fashion, the guided
means being a threaded element (600) associated
to said heating part (6) moving on said screw (12).

10. Furnace according to claim 6, characterised in that
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said pressing element (13) comprises a member
(13A) moveable with respect to a fixed plate (21A)
integrally joined to a column on which the heating
part (6) moves so as to maintain such billet blocked
between said plate and said mobile member (13A)
during the heating thereof.

11. Furnace according to claim 6, characterised in that
there are provided two pressing elements (13) ar-
ranged in juxtaposed positions with respect to the
base (11) one of which is at least mobile on such
base for holding a billet during heating and arranged
parallel to the plane (P) on which said base lies.

12. Furnace according to claim 6, characterised in that
the heating part (6) is static with respect to the fixed
structure (10), there being provided for means for
displacing the billet (2) mobile in the compartment
(27) and suitable to introduce in such heating part
the billet(2) for the heating thereof when the billet is
blocked in the compartment (27), said displacement
means being suitable to be approached to the press-
ing element (13) with the aim of receiving the billet
(2) for heating or preparing it for removal from the
furnace (1).

13. Furnace according to claim 12, characterised in
that such displacement means comprise a support
(61) mobile in said compartment (27) and means (62)
for actuating such movement placed beneath the
heating part (6) of the furnace.

14. Furnace according to claim 13, characterised in
that such actuator means are alternatively of the hy-
draulic, pneumatic, hydro-pneumatic or mechanical
type with movement generated by an electric motor.

15. Furnace according to claim 13, characterised in
that said actuator means are arranged in a compart-
ment (60) present beneath the plane (P) on which
the heating part (6) of the furnace lies.

16. Furnace according to claim 1, characterised in that
the annular rotor (40) is selected from among a plu-
rality of rotors (40) so as to uniform the radial dimen-
sion of the compartment (27) suitable to contain the
billet (2) to the radial dimension of the latter, said
annular rotor (40) supporting a plurality of fixed per-
manent magnets (43) preferably being roof tile-
shaped.

17. Furnace according to claim 1, characterised in that
there are provided for temperature detection means
suitable to measure the temperature of one or more
areas of the billet.

18. Furnace according to claim 10, characterised in
that there are provided for distance measurement

means between the pressing element (13) and the
fixed plate (21A) and suitable to detect the actual
dimension of the billet (2) length-wise.

19. Furnace according to claims 17 and 18, character-
ised in that there is provided for a control unit suit-
able to control the relative movement of the heating
part (6) with respect to the billet (2) and the rotational
speed of each coaxial motor (250) as a function of
the temperature measurement and/or the performed
distance.

Patentansprüche

1. Magnetischer Induktionsofen (1) zum Erhitzen von
massiven oder rohrförmigen Knüppeln (2) aus zu Ex-
trudierendem Nichteisenmaterial, die der Extrusion
unterzogen werden sollen, wobei der magnetische
Induktionsofen (1) ein Heizteil (6) umfasst, in wel-
chem sich mindestens ein Heizbereich (25) befindet,
welcher mindestens einen koaxialen elektrischen
Ringmotor (250) umfasst, der einen feststehenden
Motorstator (33) und einen beweglichen Permanent-
magnetmotorrotor (34) im Stator (33) aufweist, wo-
bei der Heizbereich (25) gestaltet ist, um jeden Knüp-
pel (2) während des gesamten Heizvorgangs in ei-
nem komplett stationären Zustand aufzunehmen,
wenn dieser in den Ofen eingeführt wird, wobei ein
Ringrotor (40), der eine Vielzahl an Permanentma-
gneten trägt, in jedem koaxialen elektrischen Ring-
motor vorgesehen ist und der Ringrotor (40) koaxial
zum Motorstator (33) und Motorrotor (34) des koa-
xialen elektrischen Ringmotors (250) ist und ein
Fach (27) mit vertikaler Achse (W) bezogen auf eine
Ebene (P) definiert, auf welcher der Ofen (1) aufliegt,
wobei der Ringrotor (40) gestaltet ist, um mindestens
einen Knüppel (2) aufzunehmen, wenn dieser durch
die magnetische Induktion durch die Bewegung des
Ringrotors (40) erhitzt wird, welcher im Motorrotor
(34) des koaxialen elektrischen Ringmotors (250)
enthalten ist, wobei das Fach (27) gestaltet ist, um
den Knüppel während des Heizvorgangs vollständig
in der stabilen Position aufzunehmen.

2. Ofen gemäß Patentanspruch 1, dadurch gekenn-
zeichnet, dass der Ringrotor (40) einen ringförmi-
gen Körper (41) umfasst, der ein ringförmiges zylin-
drisches Teil (41A) enthaltet, das eine Vielzahl an
feststehenden Permanentmagneten (43) trägt, wo-
bei die Anordnung des ringförmigen zylindrischen
Teils (41A) ein axiales Loch begrenzt, welches das
Fach (27) definiert, der geeignet ist, um mindestens
einen Knüppel (2) aufzunehmen.

3. Ofen gemäß Patentanspruch 2, dadurch gekenn-
zeichnet, dass die Magnete (43) in Richtung des
Fachs (27) von einem Aluminiumzylinder bedeckt
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sind, welcher seinerseits von einer Schicht bedeckt
ist, die aus einem Material besteht, das Infrarotstrah-
len reflektiert und geeignet ist, die Magnete (43) ge-
gen übermäßiges Erhitzen zu schützen.

4. Ofen gemäß Patentanspruch 1, dadurch gekenn-
zeichnet, dass er eine Vielzahl von Heizbereichen
(25) umfasst, wobei jeder dieser Bereiche einen ko-
axialen elektrischen Ringmotor (250) umfasst, wel-
cher einen Ringrotor (40) enthält, der die Permanent-
magnete (43) trägt, wobei die Heizbereiche überei-
nander angeordnet sind und das Fach (27) für den
Knüppel (2) mit ihrem Ringrotor (40) begrenzen.

5. Ofen gemäß Patentanspruch 4, dadurch gekenn-
zeichnet, dass sich die elektrischen Ringmotoren
(250) der Vielzahl an Heizbereichen (25) mit unter-
schiedlichen Geschwindigkeiten drehen, sodass ih-
re entsprechenden Ringrotoren (40) unterschiedli-
che magnetische Stromlinien erzeugen und ein un-
gleichmäßiges Erhitzen des Knüppels erzielt wird.

6. Ofen gemäß Patentanspruch 1, dadurch gekenn-
zeichnet, dass das Heizteil (6) mit einer feststehen-
den Struktur (10) verbunden ist, welche eine Basis
(11) und mindestens ein Presselement (13) umfasst,
welches von dem Heizteil (6) getrennt und geeignet
ist, um den Knüppel (2) während des Heizens blo-
ckiert zu halten.

7. Ofen gemäß Patentanspruch 6, dadurch gekenn-
zeichnet, dass das Heizteil (6) bezogen auf die fest-
stehende Struktur (10) beweglich ist.

8. Ofen gemäß Patentanspruch 7, dadurch gekenn-
zeichnet, dass vertikale Führungen (15) bezogen
auf die Ebene (P) vorhanden sind, welche die Basis
(11) mit einer Struktur (16) verbinden, welche das
Presselement (13) trägt, wobei sich das Heizteil (6)
entlang solcher Führungen bewegt, wobei Aktuator-
mittel (12, 18), die verbunden mit der Struktur (16)
vorgesehen sind, und Führungsmittel (600), die ver-
bunden mit dem Heizteil (6) sind, die geeignet sind,
das Teil entlang die Führungen (15) zu verschieben.

9. Ofen gemäß Patentanspruch 8, dadurch gekenn-
zeichnet, dass die Aktuatormittel (12) eine Schrau-
be sind, welche von einem Elektromotor (18) auf
kontrollierte Weise angetrieben wird, und die Füh-
rungsmittel ein Gewindeelement (600) sind, welches
mit dem Heizteil (6) verbunden ist und sich auf die
Schraube (12) bewegt.

10. Ofen gemäß Patentanspruch 6, dadurch gekenn-
zeichnet, dass das Presselement (13) ein Teil (13A)
umfasst, das beweglich ist bezogen auf eine festste-
hende Platte (21A), die einstückig mit einer Säule
verbunden ist, auf welcher sich das Heizteil (6) be-

wegt, um den Knüppel zwischen der Platte und dem
beweglichen Teil (13A) bei dessen Erhitzen zu blo-
ckieren.

11. Ofen gemäß Patentanspruch 6, dadurch gekenn-
zeichnet, dass zwei Presselemente (13) vorgese-
hen sind, die in gegenübergestellten Positionen be-
zogen auf die Basis (11) angeordnet sind und von
denen eines zumindest auf der Basis beweglich ist,
um den Knüppel beim Erhitzen zu halten, und par-
allel zur Ebene (P) angeordnet ist, auf welcher die
Basis aufliegt.

12. Ofen gemäß Patentanspruch 6, dadurch gekenn-
zeichnet, dass das Heizteil (6) bezogen auf die fest-
stehende Struktur (10) statisch ist, wobei es zum be-
weglichen Verschieben des Knüppels (2) im Fach
(27) vorgesehen und geeignet ist, um den Knüppel
(2) in das Heizteil einzuführen zur Erhitzung dessel-
ben, wenn der Knüppel im Fach (27) blockiert ist,
wobei das Verschiebemittel geeignet ist für das He-
ranführen an das Presselement (13) mit dem Ziel,
den Knüppel (2) für das Erhitzen oder dessen Vor-
bereitung für das Entfernen aus dem Ofen (1) in
Empfang zu nehmen.

13. Ofen gemäß Patentanspruch 12, dadurch gekenn-
zeichnet, dass die Verschiebemittel eine bewegli-
che Halterung (61) im Fach (27) und Mittel (62) für
das Ingangsetzen der Bewegung umfassen, welche
unter dem Heizteil (6) des Ofens positioniert sind.

14. Ofen gemäß Patentanspruch 13, dadurch gekenn-
zeichnet, dass die Aktuatormittel alternativ vom hy-
draulischen, pneumatischen, hydropneumatischen
oder mechanischen Typ sind mit einer Bewegung,
die von einem Elektromotor generiert wird.

15. Ofen gemäß Patentanspruch 13, dadurch gekenn-
zeichnet, dass die Aktuatormittel in einem Fach (60)
angeordnet sind, welches sich unter der Ebene (P)
befindet, auf welcher das Heizteil (6) des Ofens auf-
liegt.

16. Ofen gemäß Patentanspruch 1, dadurch gekenn-
zeichnet, dass der Ringrotor (40) aus einer Vielzahl
an Rotoren (40) ausgewählt wird, um die radiale Di-
mension des Fachs (27), das für die Aufnahme des
Knüppels (2) geeignet ist, mit der radialen Dimension
des letzteren zu vereinheitlichen, wobei der Ringro-
tor (40) eine Vielzahl an feststehenden Permanent-
magneten (43) trägt, welche vorzugsweise die Form
eines Dachziegels haben.

17. Ofen gemäß Patentanspruch 1, dadurch gekenn-
zeichnet, dass Mittel zur Temperaturmessung vor-
gesehen sind, welche geeignet sind, die Temperatur
von einem oder mehreren Bereichen des Knüppels
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zu messen.

18. Ofen gemäß Patentanspruch 10, dadurch gekenn-
zeichnet, dass Mittel zur Distanzmessung zwischen
dem Presselement (13) und der feststehenden Plat-
te (21A) vorgesehen sind, welche geeignet sind, die
aktuelle Dimension des Knüppels (2) in Längsrich-
tung zu erfassen.

19. Ofen gemäß Patentansprüchen 17 und 18, dadurch
gekennzeichnet, dass ein Steuergerät vorgesehen
ist, welches geeignet ist, die relative Bewegung des
Heizteils (6) bezogen auf den Knüppel (2) und die
Drehzahl von jedem koaxialen Motor (250) in Ab-
hängigkeit von der Temperaturmessung und/oder
der ausgeführten Distanz zu steuern.

Revendications

1. Four à induction magnétique (1) destiné au chauffa-
ge de billettes métalliques solides ou tubulaires (2)
en matériau non ferreux devant être soumises à l’ex-
trusion, le four à induction magnétique (1) compre-
nant une partie chauffante (6) dans laquelle est pré-
sente au moins une section chauffante (25) compre-
nant au moins un moteur électrique annulaire coaxial
(250) équipé d’un stator de moteur fixe (33) et d’un
rotor de moteur à aimant permanent (34) mobile
dans ledit stator (33), la section chauffante (25) étant
configurée pour contenir chaque billette (2) dans un
état complètement stationnaire lorsqu’elle est insé-
rée dans le four pendant toute l’opération de chauf-
fage, où un rotor annulaire (40) portant une pluralité
d’aimants permanents est prévu à l’intérieur de cha-
que moteur électrique annulaire coaxial, ledit rotor
annulaire (40) étant coaxial audit stator de moteur
(33) et au rotor de moteur (34) du moteur électrique
annulaire coaxial (250) et définissant un comparti-
ment (27) avec un axe vertical (W) par rapport à un
plan (P) sur lequel repose le four (1), le rotor annu-
laire (40) étant configuré pour contenir au moins une
billette (2) lorsqu’elle est chauffée par induction ma-
gnétique par le mouvement du rotor annulaire (40)
contenu dans le rotor du moteur (34) du moteur élec-
trique annulaire coaxial (250), ledit compartiment
étant configuré pour contenir complètement la billet-
te pendant l’opération de chauffage dans la position
stable.

2. Four selon la revendication 1, caractérisé en ce que
le rotor annulaire (40) comprend un corps annulaire
(41) contenant un élément cylindrique annulaire
(41A) portant une pluralité d’aimants permanents
fixes (43), l’agencement de l’élément cylindrique an-
nulaire (41A) délimitant un trou axial définissant le
compartiment (27) approprié pour contenir au moins
une billette (2).

3. Four selon la revendication 2, caractérisé en ce que
les aimants (43) sont recouverts vers ledit compar-
timent (27) par un cylindre en aluminium qui est à
son tour recouvert d’une couche faite d’un matériau
réfléchissant les radiations infrarouges approprié
pour protéger les aimants (43) contre un chauffage
excessif.

4. Four selon la revendication 1, caractérisé en ce
qu’il comprend une pluralité de sections chauffantes
(25), chacune de ces sections comprenant un mo-
teur électrique annulaire coaxial (250) contenant un
rotor annulaire (40) portant les aimants permanents
(43), les sections chauffantes étant superposées les
unes aux autres et délimitant le compartiment (27)
pour la billette (2) avec leur rotor annulaire (40).

5. Four selon la revendication 4, caractérisé en ce que
les moteurs électriques annulaires (250) de la plu-
ralité de sections chauffantes (25) tournent à des
vitesses différentes de sorte que leurs rotors annu-
laires correspondants (40) génèrent des lignes de
flux magnétique différentes et produisent un chauf-
fage non uniforme de la billette.

6. Four selon la revendication 1, caractérisé en ce que
la partie chauffante (6) est associée à une structure
fixe (10) comprenant une base (11), et au moins un
élément de pression (13) séparé de cette partie
chauffante (6) et adapté pour maintenir ladite billette
(2) bloquée pendant le chauffage.

7. Four selon la revendication 6, caractérisé en ce que
la partie chauffante (6) est mobile par rapport à une
telle structure fixe (10).

8. Four selon la revendication 7, caractérisé en ce
qu’il existe des guides verticaux (15) par rapport
audit plan (P) reliant la base (11) à une structure (16)
portant l’élément presseur (13), ladite partie chauf-
fante (6) se déplaçant le long de ces guides, des
moyens d’actionnement (12, 18) associés à cette
structure (16) et des moyens guidés (600) associés
à la partie chauffante (6) étant prévus pour déplacer
ladite partie le long desdits guides (15).

9. Four selon la revendication 8, caractérisé en ce que
lesdits moyens d’actionnement (12) sont une vis en-
traînée par un moteur électrique (18) de manière
contrôlée, les moyens guidés étant un élément fileté
(600) associé à ladite partie chauffante (6) se dépla-
çant sur ladite vis (12).

10. Four selon la revendication 6, caractérisé en ce que
ledit élément presseur (13) comprend un organe
(13A) mobile par rapport à une plaque fixe (21A)
solidaire d’une colonne sur laquelle se déplace la
partie chauffante (6) de manière à maintenir cette
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billette bloquée entre ladite plaque et ledit organe
mobile (13A) pendant son chauffage.

11. Four selon la revendication 6, caractérisé en ce
qu’il est prévu deux éléments presseurs (13) dispo-
sés en positions juxtaposées par rapport à la base
(11) dont l’un est au moins mobile sur cette base
pour maintenir une billette pendant le chauffage et
disposé parallèlement au plan (P) sur lequel repose
ladite base.

12. Four selon la revendication 6, caractérisé en ce que
la partie chauffante (6) est statique par rapport à la
structure fixe (10), des moyens étant prévus pour
déplacer la billette (2) mobile dans le compartiment
(27) et adaptés pour introduire dans cette partie
chauffante la billette (2) pour la chauffer lorsque la
billette est bloquée dans le compartiment (27), les-
dits moyens de déplacement étant adaptés pour être
approchés de l’élément de pression (13) dans le but
de recevoir la billette (2) pour la chauffer ou la pré-
parer pour l’enlever du four (1).

13. Four selon la revendication 12, caractérisé en ce
que ces moyens de déplacement comprennent un
support (61) mobile dans ledit compartiment (27) et
des moyens (62) d’actionnement de ce déplacement
placés sous la partie chauffante (6) du four.

14. Four selon la revendication 13, caractérisé en ce
que ces moyens d’actionnement sont alternative-
ment du type hydraulique, pneumatique, hydro-
pneumatique ou mécanique avec un mouvement gé-
néré par un moteur électrique.

15. Four selon la revendication 13, caractérisé en ce
que lesdits moyens d’actionnement sont disposés
dans un compartiment (60) présent sous le plan (P)
sur lequel repose la partie chauffante (6) du four.

16. Four selon la revendication 1, caractérisé en ce que
le rotor annulaire (40) est choisi parmi une pluralité
de rotors (40) de manière à uniformiser la dimension
radiale du compartiment (27) apte à contenir la billet-
te (2) à la dimension radiale de cette dernière, ledit
rotor annulaire (40) supportant une pluralité
d’aimants permanents fixes (43) de préférence en
forme de tuile.

17. Four selon la revendication 1, caractérisé en ce
qu’il est prévu des moyens de détection de tempé-
rature appropriés pour mesurer la température d’une
ou plusieurs zones de la billette.

18. Four selon la revendication 10, caractérisé en ce
qu’il est prévu des moyens de mesure de distance
entre l’élément presseur (13) et la plaque fixe (21A)
et adaptés pour détecter la dimension réelle de la

billette (2) dans le sens de la longueur.

19. Four selon les revendications 17 et 18, caractérisé
en ce qu’il est prévu une unité de commande apte
à contrôler le mouvement relatif de la partie chauf-
fante (6) par rapport à la billette (2) et la vitesse de
rotation de chaque moteur coaxial (250) en fonction
de la mesure de température et/ou de la distance
effectuée.
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