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(57) ABSTRACT

The invention relates to an electromechanical conversion sys-
tem comprising: a fixed supporting structure, a movable ele-
ment with respect to the fixed structure; at least one excitation
coil; and at least one permanent magnet for generating an
excitation magnetic field. The permanent magnet is integral
with the movable element and the coil is integral with the
fixed supporting structure. Moreover, a ferromagnetic circuit
is provided fixed with respect to the structure and cooperating
with the permanent magnet.
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ELECTROMECHANICAL CONVERSION
SYSTEM WITH MOVING MAGNETS;
ACOUSTIC DIFFUSER COMPRISING SAID
SYSTEM AND A MOVING MEMBER THAT
GENERATES SOUND WAVES

TECHNICAL FIELD

[0001] The present invention relates to an electromechani-
cal conversion system comprising a permanent magnet struc-
ture and an electrically conductive coil in which a variable
current constituting the excitation signal circulates, to cause
relative movement between coil and permanent magnets.
[0002] The invention also relates to an acoustic diffuser
comprising an electromechanical conversion system to con-
trol the movement of the diaphragm that generates the sound
waves under the control of an electrical signal coming from an
amplifier.

STATE OF THE ART

[0003] Transduction systems of conventional electrody-
namic type typically use structures composed of two funda-
mental parts: a magnetic structure integral with the fixed parts
of the acoustic diffuser, which produces the necessary exci-
tation static magnetic field; and a moving part, essentially
constituted by the coil excited by the electrical signal to be
reproduced, which is constrained rigidly to a radiant dia-
phragm constituting the mechanical-acoustic coupling of the
system.

[0004] Notwithstanding its widespread use, this configura-
tion imposes some important limitations in the implementa-
tions that can be produced:

[0005] 1) the moving part, formed by the coil, by the
diaphragm and by the respective mechanical constraint
elements, must be very light, otherwise there will be a
noteworthy reduction in electro-acoustic conversion
efficiency;

[0006] 2) the moving part of the electro-acoustic trans-
ducer, formed by the coil, must be electrically connected
to an electric supply system of the coil. The supply
system is usually integral with a mechanical part which
is disengaged from the coil. This normally takes place
through flexible electrical connections that are subject to
mechanical stress, in conditions of large displacements
ofthe movable element, or electrical stress, in the case of
large excitation currents, or even both types of stress
simultaneously;

[0007] 3) the need to maintain great mechanical preci-
sion in the air gap of the magnetic circuit, to prevent the
moving coil from rubbing against the fixed part of the
magnetic circuit;

[0008] 4) it is also extremely unproductive to increase
the coupling tolerances to allow a looser coupling of the
parts in relative motion as the reduction of magnetic
induction depends closely on the dimensions of the air
gap;

[0009] 5) the electrical power required for moving parts
to perform their movement is essentially dissipated in
the moving coil, subjecting mechanically weak parts
that are unable to dissipate heat efficiently to great ther-
mal stress;

[0010] 6)the conversion efficiency of the system is influ-
enced by the mass of the conductor constituting the
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moving coil, which cannot be too heavy and therefore
able to dissipate large quantities of power for the afore-
said reason.

SUMMARY OF THE INVENTION

[0011] The object of the present invention is to provide an
electrodynamic conversion system that allows one or more of
the drawbacks of conventional systems to be overcome, either
completely or in part.

[0012] Substantially, the invention provides for inversion
of the functions of the parts, i.e. use of the moving part as
magnetic excitation structure and placing of, the electrical
excitation part, i.e. the coil, integral with the fixed structure of
the acoustic diffuser.

[0013] Solutions of the aforesaid type are already known,
but the particular implementation of the present invention
makes it possible to obtain considerably higher conversion
efficiencies, allowing use in acoustic reproduction devices for
hi fidelity systems, and guarantees high mechanical robust-
ness.

[0014] Typically, a moving magnet system of known type
does not guarantee inductions in the air gap sufficient to
provide adequate forces in the applications of interest for the
present invention. The largest problem is that the excitation
coil, made of electrically conductive material, is typically
non-ferromagnetic. Consequently, known systems with fixed
coil and moving magnet do not allow a low reluctance to be
obtained in the magnetic circuit formed by the parts of the
electrodynamic conversion system, and therefore require
large quantities of magnetic material to increase the circulat-
ing magnetic flux. The increase of the quantity of magnetic
material is an extremely negative factor, as it increases the
moving mass of the system. For this reason, systems with
fixed coil and moving magnet have not been applied in high
performance acoustic diffusers.

[0015] The present invention, vice versa, provides for the
production of a fixed excitation coil made by combining
ferromagnetic materials with low losses and non-magnetic
electrically conductive materials.

[0016] The combination of the two materials, together with
the construction geometry, make it possible to obtain a fixed
excitation coil that does not appreciably penalize the induc-
tion efficiency of the permanent moving magnet and allows
the electrical resistance value of the fixed excitation coil to be
decreased at will, compatibly with the dimensions and
weights required.

[0017] In practice, according to one embodiment, the
invention provides for an electromagnetic conversion system
comprising: a fixed supporting structure, an element movable
with respect to said fixed structure, at least one excitation coil,
and at least one permanent magnet for generating an excita-
tion magnetic field; wherein the movable element is integral
with the magnet and the coil is integral with the fixed sup-
porting structure; and wherein the coil is associated with a
ferromagnetic circuit or itself forms a ferromagnetic circuit
fixed with respect to the fixed structure.

[0018] In this second case the electrical conductor that
forms the coil must have ferromagnetic properties.

[0019] Preferably, an electrical conductor is used to manu-
facture the coil and a different, ferromagnetic material is used
to manufacture the fixed ferromagnetic circuit. In some
embodiments, the ferromagnetic material can be in the form
oflaminae or plates interposed at least in part between the coil
turns.
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[0020] In brief, the configuration of the transducer or elec-
tromechanical or electrodynamic conversion system allows
the resistance value of the excitation coil to be decreased at
will without requiring to increase the quantity of moving
magnetic material and without decreasing the induction effi-
cacy for a given type of magnet used as movable element of
the system.

[0021] In other words, with the present invention the
decrease in resistance of the fixed excitation coil is made
independent with respect to the other magnetic parameters
(induction) and mechanical parameters (moving mass).
[0022] Hereafter reference will be made in particular to a
system used for converting electrical energy into mechanical
energy to generate a force applicable to amoving member and
therefore if necessary to cause displacement thereof con-
trolled by means of an electrical signal. In particular, appli-
cation of the conversion system to acoustic generation, i.e. as
the motor of an acoustic diffuser will also be described.
[0023] However, it must be understood that the conversion
system according to the invention can also be used inversely,
i.e. to convert a force and a displacement into electrical
energy and therefore, for example, to produce a displacement
or vibration sensor, which generates an electrical signal as a
function of a displacement or of a mechanical stress on a
member to which the sensor is applied. In some applications,
it would also be possible to use the conversion system to
generate useful electrical energy, converting mechanical
energy into electrical energy to be accumulated or used
directly.

[0024] According to some embodiments of the invention, a
mechanical arrangement is provided in which the fixed exci-
tation coil is formed by a winding substantially rectangular in
shape formed by a strip conductor including ferromagnetic
elements interposed, with a constant pitch, between the turns
of'the coil to allow high permeability according to the wind-
ing axis of the coil. The ferromagnetic elements are prefer-
ably constituted by preferably planar laminae or plates made
of ferromagnetic material arranged between preferably recti-
linear contiguous segments of adjacent turns formed by the
conductive material. Preferably, the conductor forming the
coil is in the shape of a strip, in the sense that it has a cross
section of rectangular shape, with one side much larger than
the other, the major side being parallel to the axis of winding
of the coil, hereafter indicated as Z axis.

[0025] In a preferred embodiment of the invention, the
motor or electromagnetic conversion system is assembled by
superimposing along the 7 axis two or more rectangular coils
manufactured as defined above and connecting them electri-
cally in series or in parallel or separately excited. Moreover,
the movable element to which one or more permanent mag-
nets are constrained, is inserted inside the space obtained by
suitably spacing the coils apart from one another. In other less
advantageous embodiments, a single coil can be provided
associated with a fixed ferromagnetic circuit.

[0026] To form a complete static magnetic circuit, the
plates interposed between the turns of the coils are interfaced
with portions of magnetic circuit outside the coil or coils.
These portions of magnetic circuit can in turn be formed by
sets of plates in a known manner, to prevent or reduce losses
due to eddy currents in the bulk of ferromagnetic material.
[0027] In some embodiments, the movable element com-
prises at least two magnetic segments, i.e. two permanent
magnets, substantially rectangular in shape. In some embodi-
ments, the magnets are appropriately shaped to generate a
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return force toward a position of minimum reluctance, as will
be described in more detail hereafter. The permanent magnets
are oriented so as to create a static circulation of magnetic flux
inside the closing circuit formed by the plates interposed
between the turns of the excitation coils and by the portions of
magnetic circuit placed outside the coils and forming a mag-
netic closing portion of the circuit, outside the coils and the air
gap formed between the coils by the plates interposed
between the turns of these coils.

[0028] The movable element is in magnetic balancing con-
ditions inside the ferromagnetic structure thus formed, so that
the forces of attraction toward the two closing elements of the
magnetic circuit are substantially totally equivalent. In sub-
stance, as the permanent magnets are arranged between two
opposed portions of the ferromagnetic circuit, the forces of
attraction between magnets and ferromagnetic mass of the
circuit are balanced and the movable element is floating, i.e.
“held suspended” between the two opposed coils, between
which the air gap is formed between the projecting edges of
the plates interposed between the turns of the coils.

[0029] Preferably, some embodiments also provide for low
friction sheets to be arranged on the surfaces of the mutually
opposed excitation coils facing the movable element. In this
manner, although the magnetic forces parallel to the Z axis of
the coaxial and opposed coils exerted on the movable element
are for the most part balanced by the geometry of the mag-
netic circuit, any constructional imperfections, tolerances or
perturbations due to external forces are supported by a low
friction coupling, due to the presence of the sheets which
delimit the empty space of the air gap in which the movable
element with the magnet or magnets integral therewith is
housed and is caused to move. The sheets can be made of
PTFE or other materials with a low friction coefficient.
[0030] Moreover, according to some embodiments of the
invention, liquid ferromagnetic materials, or “ferrofluid” can
be used as lubricant in the air gap. These ferromagnetic liquid
lubricants take advantage of the presence of the static mag-
netic field generated by the moving magnets, and are main-
tained suitably distributed in the areas of greatest friction
between the magnets of the movable element and the low
friction sheets, due to the effect of the magnetic field. These
fluids can produce effective hydrodynamic lubrication during
the relative movement between the moving magnetic element
and the fixed excitation coils. In other embodiments dry lubri-
cants, based on graphite or other products with similar lubri-
cating properties, can be used. In further embodiments, the
moving part of the device can be supported by means of
bearings, for example rolling bearings.

[0031] The geometry of the permanent magnets can be
easily adapted to perform some useful functions:

[0032] 1)magnetic centering according to an axis (here-
after referred to as X axis) orthogonal to the winding axis
of the coils and to the direction of movement of the
movable element caused by the electrical excitation sig-
nal in the coils. This is possible by designing the mag-
netic circuit appropriately so as to obtain a definite
return of the movable element toward the central axis of
symmetry parallel to the direction of motion of the mov-
able element induced by the electrical signal. This cen-
tering is possible, creating a path with minimum reluc-
tance in the required rest position and imposing, again
with the geometry of the magnetic structure constituted
by the permanent magnets, a large variation of reluc-
tance for each small deviation from this rest position;
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[0033] 2) creation of a magnetic elastic return with
respect to the rest position along the axis (hereafter
referred to as Y axis) parallel to the direction of move-
ment of the movable element. In some applications it is
preferable to have a linear return force in the direction of
the main movement, i.e. parallel to the Y axis. In the
present invention it is possible, again with a particular
geometry of the magnets, to configure the movable ele-
ment so as to obtain a return force that magnetically
emulates the return of an elastic force of the type
F=-KY, where F is the return force, K is a constant and
Y is the displacement along the Y axis. By appropriately
shaping the movable element it is possible to obtain
great linearity and consistency of the resulting force. It is
also possible to produce return forces with different
action profiles with respect to anideal linear elastic force
by means of appropriate geometrical modifications of
the magnetic circuit;

[0034] 3) production of a magnetic “limit stop” function
in the direction of the main movement according to the’ Y
axis, not subject to wear or damage, which is again based
on the geometry of the structure of the movable element
of the fixed excitation coil and of the containment struc-
ture of the system.

[0035] In some embodiments, the system according to the
invention provides for a movable element with at least two
permanent magnets mutually connected mechanically and
arranged between the two coils, the two permanent magnets
being configured and positioned in a substantially symmetri-
cal manner with respect to a plane orthogonal to the mutually
opposed faces of the coils and to the direction of the main
movement (according to the Y axis) of the movable element
caused by the circulation of electric current in said coils.
Preferably, the two permanent magnets are arranged with
opposite polarities, one permanent magnet being oriented
with the north pole toward a first coil and with the south pole
toward the second coil and the other permanent magnet being
oriented with the south pole toward the first coil and with the
north pole toward the second coil.

[0036] In some embodiments, the permanent magnets of
the movable element each comprises an edge facing the out-
side of the air gap and substantially orthogonal to the direc-
tion of the main movement according to the Y axis, induced
by the electric current circulating in the coils. Each of said
edges has sloping end segments, forming appendages of mag-
netic material extending toward the outside of the air gap with
respect to the central portion of the respective edge. The
appendages of magnetic material formed on each permanent
magnet are substantially symmetrical with respect to a plane
parallel to the direction of the main movement. As will be
better described hereafter with reference to some embodi-
ments, in this manner a centering and return effect of the
movable element to a central rest position is obtained due to
the shaped form of the ends of the magnet. At the same time,
a rectilinear portion of the edge of the magnet, orthogonal to
the direction of motion and parallel to rectilinear segments of
the turns forming the coils, magnetically forms a stop that
limits the relative movement between movable element and
fixed excitation coils.

[0037] Further advantageous features and embodiments of
the electromechanical conversion system are set forth in the
attached claims.
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[0038] The structure of the system according to the inven-
tion, according to the embodiment adopted, also has one or
more of a series of further advantages summarized in the
following points:

[0039] 1. Absence of electrical conductors that connect
parts in relative motion, as the moving part is a simple
arrangement of permanent magnets and does not require
any type of electrical connection for excitation;

[0040] 2. Noteworthy increase in the dimension and sur-
face area of the dissipating parts, as the excitation coils,
the dissipating part of the system, can be easily cooled
since they are external elements with large dimensions;

[0041] 3. Reduction in the quantity of magnetic material
used, which although being of high quality, is used
approximately 20 times more efficiently compared to a
system with conventional moving coil having the same
performance;

[0042] 4. Simple to produce, without requiring particular
mechanical coupling devices;

[0043] 5. Durability of the system and consistency of
performance over time. Incidentally, as the return forces,
centering and the limit stop function are all accom-
plished by a suitable configuration of the magnetic cir-
cuit, these values are extremely predictable and consis-
tent over time, as they are not subject to mechanical wear
and aging. In conventional technology, wear of pliable
parts and aging of the mechanical suspensions, together
with large variations of electrical resistance of the mov-
ing coil as a function of the power applied, cause a
behavior that is anything but predictable and unchange-
able according to conditions of use and aging;

[0044] 6. Mechanical robustness: the system is based on
a movement with magnetic balancing, with controlled
friction, if necessary with hydrodynamic lubrication, or
with rolling supports, which allows considerable mis-
alignment stress to be sustained without this causing
damage to the system in question;

[0045] 7. Increase in electroacoustic conversion effi-
ciency;
[0046] 8.Easy maintenance, as the coil/movable element

assembly is easy to disassemble, inspect and recondition
if phenomena of wear should occur after prolonged use;

[0047] 9. Easy to adapt the excursion and force perfor-
mances obtainable simply by suitably configuring the
structure of the movable element, without altering the
basic structure of the excitation coils ad of the ferromag-
netic closing circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] The invention will be better understood by follow-
ing the description and accompanying drawing, which shows
practical non-limiting embodiments of the invention. More in
particular, in the drawing:

[0049] FIG. 1 shows an axial section of a conventional
electromechanical conversion system with a moving coil;
[0050] FIG. 2 shows a section according to a plane parallel
to the winding axis and to the movement of the movable
element of a conversion system according to the invention;
[0051] FIG. 3 shows a view according to III-I1l of FIG. 2,
i.e. according to a plane orthogonal to the Z axis of winding of
the coil;

[0052] FIG. 4 shows a section similar to the section of FIG.
3 with a modified embodiment of the magnets;
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[0053] FIG. 5 shows a section similar to that of FIG. 4 with
the movable element displaced in the direction of the main
movement imparted by the electrical signal on the excitation
coils;

[0054] FIG. 6 shows a view according to VI-VI of FIG. 2,
i.e. according to a plane orthogonal to the X axis;

[0055] FIG. 7 shows a view similar to the view of FIG. 6,
but with the movable element displaced laterally with respect
to a direction parallel to the X axis;

[0056] FIG. 8 shows an exploded view of a modified
embodiment of the system according to the invention;
[0057] FIG. 8A shows an exploded view, similarto the view
of FIG. 8, in a modified embodiment;

[0058] FIG. 9 shows a perspective view of an acoustic
diffuser using two electromechanical conversion systems
according to the invention;

[0059] FIG. 10 shows a perspective back view of the dia-
phragm of the acoustic diffuser of FIG. 9;

[0060] FIGS. 11 and 12 show sectional views of modified
embodiments of the conversion system according to the
invention, in arrangements using only one excitation coil;
[0061] FIGS. 13 and 14 show a conversion system accord-
ing to the invention in a variant with respect to the embodi-
ment of FIGS. 1to 7.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

[0062] FIG. 1 shows a diagram of an electromechanical
conversion device or system of conventional type with a
moving coil. The system, indicated as a whole with 1, com-
prises a permanent magnet of toroidal shape 3 represented in
FIG. 1 in a section according to an axial plane. The toroidal
permanent magnet 3 is inserted inside a ferromagnetic circuit
comprising an outer portion 5, an axial core 7and aring 9. The
letter B indicates the magnetic flux inside the circuit 5, 7, 9
while N and S indicate the north and south poles respectively
of the permanent magnet 3. A moving coil 11, formed by a
helically wound electrical conductor, is inserted in the air gap
defined between the annular portion 9 and the core 7 of the
ferromagnetic circuit. The moving coil 11 is connected by
means of conductive elements 13 and 15 to two external
connections 17 and 19 indicated as positive and negative pole
of an electrical circuit for supplying the excitation signal to
the moving coil 11. Supplying electrical signals to the coil 11
causes, in a known manner, movement with respect to the
fixed magnet.

[0063] The drawbacks of a conventional system ofthis type
have been set forth in the introductory part of this description.
[0064] FIG. 2 shows in a section according to a plane con-
taining the winding axis of the coils, an electromechanical
conversion system according to the invention. FIG. 2 and the
subsequent figures up to FIG. 7 indicate, for easy reference,
three Cartesian axes indicated with X, Y and Z. The Z axis is
parallel to the winding axis of the excitation coils of the
electromechanical conversion system, the Y axis is parallel to
the direction of the force applied to the movable element
described below (with which the permanent magnets are inte-
gral) induced by the electrical signals supplied to the coils.
This force causes displacement in the same directionY if the
element is free to move; and the letter X indicates an axis
orthogonal to the Z axis of winding of the coils and to the Y
axis of main movement of the movable element.

[0065] In the embodiment shown, the electromechanical
conversion system, indicated as a whole with 21, comprises
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two substantially symmetrical parts 23 and 25. The part 23
comprises (see also FIG. 3) a coil 29 formed by winding about
the Z axis a strip conductor, i.e. formed by a strip of electri-
cally conductive material, typically but not necessarily cop-
per, having a cross section of elongated rectangular shape. In
the embodiment illustrated the ratio between the major side
and the minor side of the cross section is greater than 10. The
winding of the conductor forming the coil 29 is such that the
coil takes a substantially rectangular shape (FIG. 3). Substan-
tially rectangular is intended as a shape in which substantially
rectilinear portions of the various conductor turns forming the
coil 29 can be identified. Moreover, the rectilinear segments
of the winding have different lengths defining a major side
and a minor side of the rectangular coil. The major and minor
sides of the rectangle are joined by curved areas of the wind-
ings of the conductor forming the coil 29. The turns formed by
the strip conductor of the coil 29 extend alongside one another
in a same position along the Z axis, i.e. the turns form a set of
turns with an axial extension equal to the height of the strip
conductive material. The strip is wound so that the long side
of the elongated rectangular cross section of the strip is
arranged parallel to the winding axis Z.

[0066] Plates 31 of ferromagnetic material are interposed
between contiguous turns of the coil 29. In some embodi-
ments two plates can be provided between each turn and the
adjacent turn. As shown in FIGS. 2 and 3, the plates 31 have
a substantially flat extension and are inserted between the
turns on the long sides of the rectangle formed by the winding
of the coil 29. In other words, the plates 31 lie on planes
parallel to the X7 plane and have an elongated rectangular
extension in the direction of the X axis.

[0067] Insome preferred embodiments of the invention, as
illustrated in the drawing, the plates 31 project from the turns
forming the coil 29 on both faces of the coil. On the outside
face (i.e. opposite the part 25 of the conversion system 21) an
outside portion of ferromagnetic circuit 33 is interfaced with
the plates 31. This portion of ferromagnetic circuit 33 can
preferably be constituted by a series of plates made of ferro-
magnetic material 34, electrically isolated from one another
to limit the circulation of eddy currents.

[0068] The part 25 of the electromechanical conversion
system 21 is substantially symmetrical to the part 23
described above. In the figures, the numeral 39 indicates the
second excitation coil, also formed by a strip conductor. The
numeral 41 indicates the plates interposed between the turns
formed by the conductor that forms the coil 39, the numeral
42 indicates a portion of ferromagnetic circuit interfaced with
the portions of the plates 41 projecting toward the outside and
the numeral 44 indicates the plates forming the portion of
ferromagnetic circuit 43.

[0069] Between the two parts 23 and 25 of the electrome-
chanical conversion system 21 an air gap 45 is implemented,
which houses a movable element indicated schematically
with 47, which moves in a controlled manner according to the
double arrow F due to the force generated on the permanent
magnets integral therewith by the circulation of electric cur-
rent in the excitation coils 29 and 39. The excitation signal to
these coils is supplied through electrical connections 49, 51
for the coil 29 and 53, 55 for the coil 39. The arrows B
indicated the static magnetic flux of the field generated by
permanent magnets 57 and 59 which are part of the movable
element 47, which hereinafter will also be indicated as mov-
ing magnetic element.
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[0070] The permanent magnets are arranged with inverted
north and south poles, as can be seen in particular in FIG. 2,
where the sign of the poles is indicated with the letters S and
N. In other words, the magnet 57 is arranged with its south
pole facing the excitation coil 29 and with the north pole
facing the excitation coil 39, while the magnet 59 is oriented
with the north pole facing the coil 29 and with the south pole
facing the coil 39. The structure is such that the static mag-
netic field generated by the permanent magnets 57 and 59
circulates (arrow B) in the ferromagnetic circuit formed by
the plates 31, 41, 44 and 34. Due to the arrangement of the
ferromagnetic circuit and of the permanent magnets, the mov-
ing magnetic element is substantially suspended in the air gap
45. As can be observed, for example, in FIG. 2, the flux of the
magnetic field B is oriented in the following manner: in the
portion of ferromagnetic circuitinside the coil 39, the flux is
substantially parallel to the axis of the coil and therefore
parallel to the major surfaces of the plates 31 and of the strip
of electrically conductive material forming the coil 39. In the
part of ferromagnetic circuit outside the coil 39, i.e. in the
plates 34, 44, the magnetic flux B is oriented in a direction
substantially orthogonal to the main faces of the plates 31, 41
and to the axis of the coil 39. It must be understood that in the
transition areas between plates 34, 44 and plates 31, 41, the
flux lines, i.e. the lines defining the magnetic field, are curved.
The conditions of parallelism and orthogonality defined
above must be intended as referred to the central area of the
respective portions of ferromagnetic circuit, without consid-
ering the edge effects.

[0071] As can be understood from the description above,
the electromechanical conversion system according to the
invention includes a fixed part (with respect to an outside
structure, for example the box of an acoustic diffuser) which
comprises both an electrically conductive part constituted by
the excitation coils 29 and 39, and a ferromagnetic part defin-
ing the ferromagnetic circuit 33, 31, 41, 43. The moving
magnetic element 47 is arranged in the air gap 45 defined
inside the ferromagnetic circuit.

[0072] As can be observed in FIG. 3, which shows a first
possible shape of permanent magnets 57 and 59, these latter
have a shape elongated according to the X axis of the device,
so that the major sides are parallel to the major sides of the
rectangular windings of the coils 29 and 39. In FIG. 3 the
mechanical connection structure between the two permanent
magnets 57 and 59 has been omitted, while in FIG. 2 it is
represented schematically by the line 47 and a practical
embodiment of which will be described with reference to
FIG. 8. The position illustrated in FIG. 3 is a rest position of
the magnets 57 and 59, centered with respect to the median
plane parallel to the X axis of the coils 29 and 39.

[0073] FIG. 4 shows an improved embodiment, in which
the permanent magnets 57 and 59 have a substantially rect-
angular shape, but equipped with shaped appendages facing
outside the air gap and therefore facing the outside of the coils
between which the moving magnetic element 47 with the
magnets 57 and 59 is housed.

[0074] More in particular, in the embodiment of FIG. 4,
each permanent magnet 57, 59 has a respective rectilinear
edge 57A and 59 A facing the center of the air gap and parallel
to the X axis and therefore to the long segments of each turn
of'the winding of the coils. Each magnet also has two edges of
minor dimensions 57B and 59B, parallel to the Y axis and
oriented laterally toward the outside of the air gap. Finally,
each magnet has a respective edge oriented toward the outside
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of'the air gap 45, formed by a central rectilinear segment 57C
and 59C, parallel to the respective edge 57A and 59A, and by
shaped end segments 57D and 59D respectively. In the
example shown the shaped segments 57D and 59D have a
sloping rectilinear orientation with respect to the X and Y
axes, while the central segment 57C is parallel to the X axis
and orthogonal to the Y axis. It would also be possible to
shape the segments 57D, 59D of the edges of the two magnets
differently, for example with a concave or convex curvilinear
shape, with a stepped shape or with any other shape suitable
for the purposes explained below. In any case, the rectilinear
portion 57C, 59C of each of the two edges is preponderant
with respect to the shaped area 57D, 59D. Moreover, the
shape of the edge 57C, 57D and 59C, 59D is such as to form
appendages 57E and 59E of magnetic material projecting
toward the outside of the air gap 45 in the Y direction, i.e. in
the direction of the main movement imparted to the moving
magnetic element by the electrical signals supplied to the
excitation coils 29 and 39.

[0075] This particular configuration makes it possible to
obtain three additional functions, which shall now be
described with particular reference to FIGS. 4 to 7.

[0076] In FIG. 4 the moving magnetic element 47 with
which the permanent magnets 57 and 59 are integral is posi-
tioned in a central position with respect to the windings of the
coils 29 and 39. This is a position of minimum reluctance for
the magnetic circuit in which the pair of permanent magnets
57, 59 is inserted. When, due to an external force the moving
magnetic element translates along the main direction of the
movement according to the Y axis, it can take the position
shown in FIG. 5, where the appendices 59D of magnetic
material of the permanent magnet 59 project at least partly
from the ferromagnetic circuit. As a consequence of this
displacement, the reluctance of the circuit increases and
therefore a magnetic return force, indicated with FRY, is
applied to the moving magnetic element 47 integral with the
permanent magnets 57, 59, which tends to return the whole
system to conditions of minimum energy, i.e. of minimum
reluctance, of FIG. 4.

[0077] As can be easily understood by observing FIG. 5,
the return force FRY increases linearly with displacement
from the position of FIG. 4 toward the position of FIG. 5. This
is due to the fact that the mass of magnetic material that is
gradually displaced toward the outside of the magnetic circuit
increases linearly due to the shape of the edge portions 59D of
the permanent magnet 59. Therefore, the magnetic return
force has a linear behavior equivalent to that of an elastic
force. By shaping the edges 59D differently, it is possible to
obtain a different behavior of the return force FRY with
respect to the displacement of the moving magnetic element
according to the Y axis.

[0078] This return force FRY is in substance the equivalent
of an elastic force imparted by an elastic return element.
However, contrary to what occurs with elastic elements of
mechanical type, such as a helical spring, in this case the force
is generated by the magnetic field and not by mechanical
elements, and consequently it is constant in time and does not
cause wear on any mechanical element of the system.

[0079] A force of opposite direction is generated when the
permanent magnets 57, 59 are displaced in opposite direction
and consequently the appendages 57E of the permanent mag-
net 57 exit from the volume defined by the ferromagnetic
plates forming the fixed ferromagnetic circuit of the system.






