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(54) Magnetic levitation toy

(57)  The invention relates to a toy consisting of a
magnetic levitation vehicle, such as a toy train, a toy car
or the like, with an associated glide track.

Along the latter there is at least one magnetic levi-
tation trace (14, 15) preferably consisting of magnetic
strips, whereas the vehicle (2) is equipped with at least

one skid (24, 25) cooperating with the magnetic trace
(14, 15) for producing levitation.

Advantageously, the skid has a permanent magnet
(24A, 25A) associated with at least one Halbach array
(24B, 24C, 25B, 25C) for stabilizing the suspended con-
dition of the vehicle in relation to the track.
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Description

[0001] The presentinvention relates to a magnetic lev-
itation toy according to the preamble of claim 1.

[0002] Asknown, magnetic levitation is a physical phe-
nomenon through which an object can be kept suspend-
ed above a surface, or a track, a rail or the like, as in the
case of atrain travelling over a rail, by means of magnetic
fields.

[0003] By overcoming the gravitational field, magnetic
fields keep the object at a distance from the surface,
track, rail or the like, thus eliminating any friction between
the two.

[0004] The best-known application of this principle is
perhaps found in trains; in order to obtain magnetic lev-
itation, this application mainly uses two different types of
technology: electromagnetic suspension (EMS) and
electrodynamic suspension (EDS).

[0005] The former case (EMS) uses the magnetic at-
traction force (in substance, the train skids are arranged
under the glide tracks, and the train levitates through the
effect of the attraction force between the skids and the
tracks); for this purpose it is appropriate to employ su-
perconducting magnets, which offer no resistance (or
more in general offer very low resistance) to the electric
current flow, and which, due to the Meissner effect, are
not crossed by the magnetic field; the superconducting
condition is however attained at very low temperatures
(about 139°C below zero), and it is therefore necessary
to use liquid nitrogen or similar cooling systems, which
for safety reasons are not applicable to a toy, as is the
case of the present invention.

[0006] On the contrary, the latter case (EDS) uses the
magnetic repulsion force (in substance, the train skids
are arranged above the glide tracks, and the train levi-
tates through the effect of the repulsion force between
the skids and the tracks): both the rail and the train pro-
duce a magnetic field, and the train levitates due to the
repulsive force generated between the two magnetic
fields.

[0007] Two differenttypes of EDS essentially exist: the
so-called JR-MAGLEV, wherein (active, i.e. powered)
electromagnets are installed on both the train and the
rail, and the so-called INDUCTRACK, wherein a plurality
of (passive, i.e. non-powered) electromagnets are in-
stalled on the rail, and arrays of permanent magnets in
Halbach configuration are installed on the train, i.e. a set
of permanent magnets which stabilize the direction of the
magnetic force lines by increasing the magnetic field on
one side of the arrays and suppressing it on the opposite
side, without needing any electronic feedback control.
[0008] The application of the JR-MAGLEYV technology
to a toy is strongly limited by the fact that it requires that
a certain quantity of electric power be supplied to the
train for powering the electromagnets, e.g. by means of
an overhead power line to which the train could be con-
nected through pantographs: it is apparent that such an
overhead line would give rise to construction problems,
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leading to a level of complexity which would have no rea-
son to exist in a toy, as well as safety problems which
would make the toy unusable.

[0009] On the other hand, the INDUCTRACK technol-
ogy is based on the fact that the train motion increases
the levitation force: however, its use in a toy involves
undesirable construction complexity, mainly due to the
fact that a large number of electromagnetic windings are
to be fitted to the rail which, though not electrically pow-
ered, would imply excessive costs and weight for a toy.
[0010] It follows that, since in principle the solutions
adopted for the real magnetic levitation trains cannot be
transposed to toys due to the aforementioned problems,
it is necessary to find solutions which are applicable to
this specific industry, wherein user safety, low cost, con-
struction simplicity and strength are the main selection
criteria.

[0011] Some examples of magnetic levitation toys al-
ready exist in the art, such as the one disclosed in inter-
national patent application WO 2005/118101 in the name
of YUN Bong-Seok, which however describes a toy train
equipped internally with a container for liquid nitrogen
storage, with easily imaginable convenience and safety
problems.

[0012] A second example of a magnetic levitation toy
consists of a spinning top fitted with permanent magnets,
which rotates freely while levitating magnetically above
aplate (oraring) also provided with a permanent magnet:
this solution is clearly not applicable to a toy vehicle which
has to move over a track, because the stability of the
spinning top levitating above the plate is given by its gy-
roscopic effect.

[0013] Yetanother example is provided by internation-
al application WO 2005/102487, again by YUN Bong-
Seok, wherein a toy trolley levitates over a rail solely due
to permanent magnets having the same polarity, ar-
ranged on both the rail and the trolley; side wheels are
also provided in order to stabilize the trolley laterally in
relation to the rail.

[0014] This solution implies that the trolley wheels al-
ways stay in contact with the rail, so as to balance the
static magnetic field deriving from the permanent mag-
nets placed on the trolley and on the rail.

[0015] As a matter of fact, balancing static magnetic
fields is especially problematic; the simple adoption of
permanent magnets having the same polarity arranged
opposite to each other (North or South) will lead to an
unstable equilibrium state, as emerges also from the for-
mulation of Earnshaw’s theorem.

[0016] The presentinvention aims at providing a mag-
netic levitation toy comprising a vehicle and a track over
which the vehicle can translate in a condition of magnetic
levitation, which toy overcomes the drawbacks of the pri-
or art.

[0017] This objectis achieved through a magnetic lev-
itation toy in accordance with the appended claim 1.
[0018] The present invention is based upon the idea
of providing a vehicle adapted to move over a track or
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the like while in a magnetic levitation condition, which
vehicle has at least one levitation skid cooperating with
a corresponding magnetic levitation trace arranged on
the track, so as to cause the former to remain suspended
above the latter, wherein the skid comprises at least one
permanent magnet extending longitudinally in relation
thereto, flanked by at least one permanent magnet in
Halbach array configuration.

[0019] The presence of a skid thus conceived allows
to limit the destabilizing edge effects of the magnetic lev-
itation traces for improved equilibrium.

[0020] Further features of the invention will be set out
in the appended claims.

[0021] These features as well as the advantages de-
riving therefrom will become more apparent from the fol-
lowing description of an embodiment of the invention as
shown in the annexed drawings provided by way of non-
limiting example, wherein:

Fig. 1 shows a magnetic levitation toy according to
the presentinvention, comprising a closed-loop track
and a toy vehicle;

Fig. 2 shows a variant of the toy of Fig. 1, wherein
the track has an open shape;

Fig. 3 shows a straight section of the track of Fig. 1
or2;

Fig. 4 shows the vehicle associated with the track of
Figs. 1 and 2;

Fig. 5 is a cross-sectional view of the track section
of Fig. 3;

Fig. 6 is a plan view of a straight section of the track
of Fig. 1 or 2;

Fig. 7 is a plan view of a curvilinear section of the
track of Fig. 1 or 2;

Fig. 8 is a cross-sectional view of the lower portion
of the vehicle of Fig. 4, coupled to the track section
shown in the preceding Figures;

Fig. 9 is a plan view of one of the levitation skids
provided on the vehicle of Fig. 4;

Fig. 10is a sectional view along the X-X line of Fig. 8;
Figs. 11 and 12 show the propulsion system installed
on the vehicle of Fig. 4;

Fig. 13 shows an alternative embodiment of the track
section of Fig. 3;

Fig. 14 is a cross-sectional view of the lower portion
of the vehicle of Fig. 4 and of the track section of Fig.
13 according to an alternative embodiment;

Fig. 15is a bottom view of the track section of Fig. 13;
Fig. 16 shows a diagram of a permanent magnet in
the so-called "Halbach array" configuration;

Figs. 17 and 18 are cross-sectional views of the lower
portion of a variant of the vehicle of

Fig. 4 and of the track of Fig. 13, wherein the vehicle
is fitted with only one magnetic levitation skid;

Figs. 19 to 22 show further possible variants of the
vehicle and track of the toy according to the inven-
tion.
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[0022] Referring now to Figs. 1 and 2, there is shown
an example of a toy according to the present invention,
which comprises a track 1 consisting of a plurality of sec-
tions 1A-1L over which a toy vehicle 2 translates while
in a magnetic levitation condition.

[0023] Inthisapplication, the track sections are shaped
like a rail and vehicle 2 looks like a toy train; it should be
pointed out beforehand that the track sections may nev-
ertheless be configured as any kind of track travelled by
a generic magnetic levitation vehicle, such as a track for
toy cars, toy horses or whatever.

[0024] Track 1 shown in Fig. 1 has a ring-like shape,
thus being a closed loop, so that toy vehicle 2 can run
over it continuously; it should however be understood
that it may have any other shape as well, e.g. a figure of
eight or even an open shape.

[0025] This latter possibility is shown in Fig. 2, which
illustrates an example of an open track 1’ wherein toy
vehicle 2 moves back and forth between two end points,
just like a shuttle. Track 1’ also consists of a plurality of
sections 1’A-1’D, which can be assembled together at
will to form a preferred course.

[0026] Fig. 3 shows a partially transparent view of a
section of track 1A, which is supported by (optional) up-
rights 3 resting on a base plane, like a table, a floor or
the like; for this purpose, each upright 3 has a base 31
and a head 32 adapted to be coupled fixedly to section
1A, e.g. through two complementary profiles joined to-
gether.

[0027] As an alternative, track 1 may be installed di-
rectly on a support plane without using any uprights.
[0028] More in detail, Fig. 5 shows a cross-section of
the track: it is shaped like an upside-down "T" and com-
prises a horizontal flat portion 12 from the centre of which
a vertical core 11 extends.

[0029] As can be seen, on vertical core 11 there is a
first magnetic trace 13 consisting of a plurality of perma-
nent magnets 134, 13,, 135 ... 13, aligned along the en-
tire length of the track; likewise, on horizontal portion 12
there are two other magnetic traces 14 and 15 arranged
in equidistant positions from the centre of symmetry of
the structure, also extending for the entire length of track
1.

[0030] According to a preferred embodiment, magnet-
ic traces 14 and 15 are strips consisting of a continuous
flexible band having a width of 10 mm, a variable thick-
ness between 3 and 6 mm, and a length equal to that of
track sections 1A-1P, i.e. a few hundreds of millimetres
(preferably 100 to 200 mm).

[0031] Strips 14, 15 feature axial magnetization, i.e.
the North pole and the South pole are located on the top
and bottom faces, respectively, when mounted on the
rails or sections 1A-1P. Said strips performed unexpect-
edly well as far as levitation was concerned; the best
ones have proven to be those produced by Spanish com-
pany IMA Ingegneria Magnetica Aplicada.

[0032] The functionality of magnetic traces 13, 14 and
15 will be discussed later on: suffice it to say for now that
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those provided on horizontal portion 12 are used for lev-
itating vehicle 2, whereas trace 13 provided on vertical
core 11 is used for propelling vehicle 2: it is made up of
several equal pieces obtained by cutting magnetic strips
(such as the aforementioned IMA strips) to a size of 3 x
9 x 8 mm and then installed in succession with alternate
polarity at a distance of 3 mm from one another.

[0033] Traces 13, 14 and 15 may be applied to the
structure in the designated positions, for example, by
glueing or, as in the case illustrated herein, by incorpo-
rating them into the plastic material of the track structure,
e.g. by co-moulding or overmoulding the plastic structure
and the strips.

[0034] It must be pointed out that, although so far the
present description has tackled only straight section 1A,
curvilinear sections 1B, 1C, 1D, etc. of track 1 are made
in the same manner; therefore, reference should be
made to the above description as regards these sections
as well.

[0035] Referring now to Fig. 4, there is shown a toy
vehicle 2, which comprises an upper portion 2A and a
lower portion 2B, the latter facing the track 1 and coop-
erating therewith in order to allow vehicle 2 to levitate
and move along track 1.

[0036] Lower portion 2B of vehicle 2 is shown in Figs.
8, 9 and 10: as can be seen in the cross-sectional view,
it is essentially shaped like an upside-down "U" comple-
mentary to the shape of track 1, so that in the coupled
condition vertical core 11 of the latter projects towards
lower portion 2B of the vehicle.

[0037] The latter also comprises two levitation skids
24 and 25 in accordance with the invention, which are to
face levitation strips 14 and 15 of the track.

[0038] Fig.9shows levitation skid 24, which comprises
a central permanent magnet 24 A extending longitudinally
relative to the vehicle and flanked by two permanent mag-
nets in Halbach array configuration 24B and 24C; the
other levitation skid 25 is not shown in detail in the draw-
ings, since it is identical to skid 24; therefore, it will com-
prise a central permanent magnet 25A extending along
the skid, flanked by two permanent magnets in Halbach
array configuration 25B and 25C.

[0039] The Halbach array configuration is a particular
arrangement of permanent magnets discovered by Klaus
Halbach, and is therefore per se known; in general, in
this configuration several permanent magnets are ar-
ranged next to one another offset by 90° and oriented in
a manner such that the total magnetic field along one
face of the array is strengthened while the total magnetic
field on the opposite face is suppressed by interference,
in accordance with what is diagrammatically shown in
Fig. 16.

[0040] This latter figure shows an arrangement of sin-
gle permanent magnets 90 having a cubic shape and
being positioned next to one another in a manner such
that the North and South poles are offset, thus increasing
the magnetic field above the Halbach array 91 and sup-
pressing the magnetic field below it.
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[0041] Inthe example taken into account, Halbach ar-
rays 24B and 24C alongside the permanent magnet 24A
of each skid have dimensions of 3 x 3 x 3 mm, and the
magnetic fields are oriented in accordance with the ar-
rows shown in Fig. 9.

[0042] The magnetic polarities of strips 14 and 15 and
of skids 24 and 25 are oriented in a manner such that,
when vehicle 2 is placed on track 1, they have the same
polarity opposite to each other, thus generating a repul-
sive force that, in combination with the weight force ex-
erted by the gravitational field, allows vehicle 2 to be kept
stably suspended above the track, with a static clearance
(when the train is still) varying between 3 and 1.5 mm.
[0043] The presence of two permanent magnets in in-
verse Halbach array configuration 24B and 24C arranged
along each skid as shown in Fig. 9 optimizes the levitation
effect, hence allowing to stabilize the vehicle’s suspend-
ed condition in a surprisingly effective way: in fact, in such
a configuration they concentrate the repulsive magnetic
field (generated by permanent magnets 14, 24A and 15,
25A) at the centre of the skid, thereby limiting the edge
effects of the strips and preventing vehicle 2 from rotating
transversally relative to the rail.

[0044] Inordertostabilize vehicle 2 against transversal
translation with respect to the track 1, lower portion 2B
is also equipped with stabilizer wheels 21 and 22 having
a vertical axis of rotation, which in the event of a trans-
versal movement of vehicle 2 will get in contact with the
vertical core 11 of the track sections, thus stabilizing ve-
hicle 2 even when the latter is moving.

[0045] Each vehicle 2 is preferably equipped with at
least four stabilizer wheels 21, 22, 21A, 22A, as shown
in Fig. 10, arranged in pairs at the opposite ends of lower
portion 2B of the vehicle.

[0046] It should be noted that, due to the presence of
the two permanent magnets in Halbach array configura-
tion 24B, 25B and 24C, 25C, stabilizer wheels 21, 22,
21A, 22A are not constantly engaged with the flanks of
vertical core 11, but only perform their function when the
vehicle is subject to centrifugal forces which would oth-
erwise induce a transversal translation thereof in relation
totrack 1, e.g. when the vehicle is going through a bend.
[0047] In this case as well, not all four wheels are nor-
mally in contact with core 11: as motion is taking place,
most of the time the wheels are clear of the core (by a
gap of approximately 1 mm) and there is pure levitation;
the wheels getinrolling contact with core 11 only for short
distances (when entering and exiting a bend).

[0048] Ifthe toy vehicle is a toy train, as in the example
illustrated herein, wagons 20 (only one of which is shown
in Fig. 4) are provided with levitation skids 24 and 25 and
with the stabilizer wheels just described; they may how-
ever lack the propulsion system, which will be described
hereafter with reference to Figs. 11 and 12.

[0049] The propulsion system comprises a portion in-
stalled on vehicle 2, used as a tractor, and a portion in-
tegral with track 1.

[0050] To this end, vehicle 2 is fitted with an electric
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motor 30 coupled to a drive disc 31 having a horizontal
axis of rotation, at the periphery of which there are small
blocks 34 consisting of permanent magnets arranged
with alternate North (N) - South (S) polarity: said blocks
are oriented in a radial direction, i.e. with the flow lines
between the North - South polarities extending radially.
[0051] In the illustrated example, the electric motor is
athree-phase motor 30 coupled to drive disc 31 by means
of one or more reduction stages 32, 33.

[0052] As aforementioned, propulsion trace 13 com-
prises a set of permanent magnetic blocks 134, 13,,
135 ... 13,, having alternate North (N) - South (S) polarity.
[0053] The dimensions of magnetic blocks 18 of pro-
pulsion trace 13 and of blocks 34 of disc 31, as well as
the distance between two adjacent blocks of strip 13 and
disc 31, are preferably all the same.

[0054] Electric motor 30 is powered by batteries (re-
chargeable lithium batteries or any other suitable batter-
ies) mounted in the vehicle itself; preferably the engine
revolution speed is 1,500 rpm per Volt supplied, and in
this case reduction gears 32 and 33 feature each a 1:6
reduction ratio, so that the maximum speed of the toy is
set to a rather low safety value (approx. 1 metre/second)
ensuring that no injury can be suffered by the users.
[0055] Of course, since it is a levitation toy train and
there is virtually no friction, the speed may be higher than
that of conventional electric toy trains.

[0056] Preferably, the toy according to the invention
can be controlled remotely through any system common-
ly used for these applications, i.e. a radio control, an in-
frared control or the like.

[0057] For this purpose, the vehicle is equipped with
a control unit 41 operationally associated with motor 30
to control the operation thereof; control unit 41, which is
powered by batteries 42 (which may be distinct from
those of motor 30), comprises the means necessary for
receiving the signals sent remotely by a radio control (not
shown in the drawings) operated manually by a user.
[0058] Said means, which are per se known, include
an antenna, a signal demodulator, an amplifier, an in-
verter and more.

[0059] A magnetic levitation toy provided as described
above allows to overcome the drawbacks suffered by
prior-art magnetic levitation toys: in fact, the levitation
effect is made optimal, as far as a toy is concerned, by
the special construction of skids 24; the toy is also con-
siderably safe due to the total absence of any dangers
caused by electricity or operating temperatures, while
also being inexpensive and durable.

[0060] Figs. 13, 14 and 15 show the main parts of a
variant of the above-described toy.

[0061] In this variant as well, the toy comprises a track
consisting of several sections 1A’ on which a toy vehicle
translates, just as previously discussed.

[0062] In this case, however, as can be seen in Fig.
13, the cross-section of every track section 1A’ is shaped
like an upright (not upside-down) "T" having a horizontal
portion 12’ from which a vertical core 11’ extends down-
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wards: magnetic levitation strips 14’ and 15’, similar to
above strips 14 and 15, are arranged on horizontal por-
tion 12'.

[0063] Vertical core 11’ houses a magnetic propulsion
trace 13’ similar to above trace 13, i.e. consisting of per-
manent magnets 13’4, 13’5, 13’5 ... 13’ arranged in suc-
cession in a manner such as to have alternate North -
South polarity.

[0064] The lower portion of vehicle 20 is visible in Fig.
14. Its cross-section extends around and under horizon-
tal portion 12’, alongside core 11’ of track section 1A’.
[0065] Magnetic levitation is obtained in this case ex-
actly as described for the previous example.

[0066] It follows that also in this case the vehicle has
two levitation skids 24’ and 25’ adapted to be arranged
opposite to magnetic strips 14’, 15’; the skids are made
like those already described, i.e. with a central permanent
magnet extending lengthwise and flanked by two perma-
nent magnets in Halbach array configuration, for the
same reasons explained above. A first difference be-
tween the example of Figs. 3 and 4 and the embodiment
of Fig. 13 is found in the fact that the upright "T" shape
of the track made up of multiple sections 1A’ implies that
the lower portion of vehicle embraces the track, resulting
in an even more stable levitation of the toy vehicle: in
point of fact, this prevents the vehicle from accidentally
coming off the track (by virtue of shape interference).
[0067] A more important difference is found in the pro-
pulsion system: in fact, disc 31 and electric motor 30 of
the previous example are replaced with electronically
controlled solenoids (or coils) 31°.

[0068] More in particular, as shown in Figs. 14 and 15,
in the front portion of the vehicle there are two triplets of
solenoids 31’ facing respective opposite sides of track
core 11'.

[0069] Power is supplied to these solenoids in a se-
quential manner (under electronic control), de facto ob-
taining a linear three-phase electric motor; advanta-
geously, the electronic control of the solenoid power sup-
ply is provided by unit 41’ installed on board of the vehicle
itself, which in this case will be equipped with adequate
electronic means (processor, etc.) for controlling the
power supplied to solenoids 31’ as explained above.
[0070] Itis apparent that this embodiment turns out to
be particularly advantageous when the track has a "T"
shape, in that core 11’ can accommodate permanent
magnets 13’4, 13’5, 13’5 ... 13', that interact with sole-
noids 31’; in particular, permanent magnets 13’4, 13’5,
13’3 ... 13, have alternate North - South polarity oriented
transversally to core 11’ in which they are housed (cfr.
Fig. 14).

[0071] In other words, each magnet 13’4, 13’5, 13’5 ...
13’ is reversed relative to the adjacent one along the
track; it can be easily understood that in this solution so-
lenoids 31’ replace disc 31 of the previous example, thus
making the toy quieter.

[0072] Another feature that differentiates this variant
from the previous example, which is clearly visible in Fig.
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14, is the absence of any transversal stabilizer wheels.
[0073] In fact, besides for vehicle propulsion, sole-
noids 31’ may also be utilized for limiting the centrifugal
thrusts acting upon the vehicle when going through a
bend; in this case, in order to attain a better vehicle bal-
ance it may be appropriate to arrange two triplets of so-
lenoids 31’ in the rear region of vehicle 2’ in addition to
those arranged up front.

[0074] When the vehicle is moving in a straight line,
the opposite pairs of solenoids 31’ on both sides of central
core 11’ of track sections 1A’ are supplied with the same
current, so that they exert symmetrical forces due to the
magnetic fields generated transversally to the track.
[0075] When the vehicle is going through a bend, on
the other hand, centrifugal forces tend to move it trans-
versally to itself; therefore, by supplying more current to
the solenoids arranged on one side of the vehicle than
to those on the opposite side itis possible to compensate
for centrifugal forces through a different force generated
by the magnetic fields associated with the different cur-
rents.

[0076] Of course, in this case the control unit will be
provided with suitable means for supplying differential
currents to the various solenoids; this applies to both
those arranged in the front region and those arranged in
the rear region of vehicle 2'.

[0077] If the toy vehicle is a toy train, this solution will
preferably be applied to the tractor only; for the wagons
it is conceivable to use stabilizer wheels as in the previ-
ously described solution.

[0078] The other features of this variant (e.g. batteries,
control system, radio control and the like) are analogous
to those described above with reference to the first em-
bodiment shown in Figs. 1 and 2.

[0079] In this frame, it must be pointed out that by fol-
lowing the teachings of the present invention it is also
possible to create further variants of the toy vehicle taken
into account so far.

[0080] According to one of these, which is shown in
Fig. 17 (where structurally or functionally equivalent el-
ements retain the same reference numerals as in the
previous examples, with the addition of a "0"), the vehicle
is kept in the magnetic levitation condition by using a
single skid, instead of two as in the previous examples.
[0081] In this case levitation skid 240, which is struc-
turally identical to the skid 24 already described, i.e. com-
prising a permanent magnet flanked by Halbach arrays,
is installed centrally on the vehicle and faces single lev-
itation strip 140 of the track.

[0082] According to this variant, the propulsion system
may be modified as necessary for preventing it from in-
terfering with the levitation skid: it may therefore comprise
two drive discs 310 (similar to disc 31) facing two propul-
sion strips 130 (similar to strip 13). Furthermore, even if
propulsion is obtained through a solenoid system like the
one described herein with reference to Figs. 13-15, itis
also conceivable to provide a single central skid 240’
(similar to skid 24) facing a corresponding levitation strip
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140’ (similar to strip 14), as shown in Fig. 18; in this case
a solenoid-based propulsion system 310 like those dis-
cussed above can be employed, since it will not interfere
with single skid 240’ of the vehicle.

[0083] Further possible variants of the invention are
shown schematically in Figs. 19, 20 and 21, which illus-
trate respective bottom views of different toy vehicles; in
the first of these figures (Fig. 19), vehicle 200" has two
levitation skids 240" at the front and at the rear (similar
to skid 24) extending transversally to the vehicle itself.
[0084] In Fig. 20, vehicle 200" has three skids 240"
(similar to skid 24), whereas in Fig. 21 vehicle 200’V has
four skids 240’V (also similar to skid 24).

[0085] In all cases, the track associated with different
vehicle types 200", 200" or 200’V will be prearranged with
corresponding levitation strips, positioned appropriately
and made like strip 14 previously described.

[0086] As far as levitation strips are concerned, it is
however conceivable, as an alternative to the solution
taken into consideration so far, to arrange a plurality of
permanent magnets 150" nextto one another ata certain
distance, as shown in Fig. 22, to form a strip 140"; mag-
nets 150" are aligned together at a certain distance from
one another and are arranged in a manner such that all
ofthem face the vehicle with the same polarity (e.g. North,
as shown).

[0087] Finally, a particularly simplified embodiment of
the toy may have no propulsion system at all, in which
case the user may simply push the levitated vehicle man-
ually along the track. Of course, it is clear that a different
number of skids or a different arrangement of the corre-
sponding levitation strips on the track, as well as different
embodiments of the levitation strips themselves, will still
fall within the scope of the present invention.

Claims

1. Toy comprising a track (1, 1’) along which there is
at least one magnetic levitation trace (14, 15; 14’,
15’; 140; 140’;140") and a vehicle (2, 2’, 20) adapted
to move over it in a magnetic levitation condition,
characterized in that the vehicle (1) comprises at
least one skid (24, 25; 24’, 25’; 240; 240’; 240"; 240";
240") cooperating with the magnetic trace (14, 15,
14’, 15, 140, 140’,140") for producing levitation,
which includes a permanent magnet (24A, 25A) as-
sociated with at least one Halbach array (24B, 24C,
25B, 25C).

2. Toy according to claim 1, wherein the permanent
magnet (24A, 25A) of said at least one levitation skid
(24, 25; 24, 25’; 240; 240’; 240"; 240™; 240V) is in-
terposed between Halbach arrays (24B, 24C, 25B,
25C) adjacent thereto.

3. Toy according to claim 1 or 2, wherein the magnetic
trace comprises at least one permanent magnetic
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strip (14, 15; 14’, 15’) having a polarity (N, S) oriented
substantially perpendicularly to said at least one skid
(24, 25; 24', 25'; 240; 240’; 240"; 240™; 240") for
causing the vehicle (2, 20, 2’) to levitate.

Toy according to claim 1 or 2, wherein the magnetic
trace (140") comprises a plurality of permanent mag-
netic elements (150") aligned together and having a
polarity (N, S) oriented substantially perpendicularly
to said at least one skid (24, 25; 24’, 25’; 240; 240’;
240"; 240"; 240") for causing the vehicle (2, 20, 2')
to levitate.

Toy according to any of the preceding claims, where-
in the track (1, 1’) comprises a plurality of sections
(1A-1L; 1A’-1L") which can be connected together in
order to obtain a substantially continuous extension
of the magnetic levitation trace (14, 15; 14’, 15’; 140;
140’; 140").

Toy according to any of the preceding claims, where-
in the track (1, 1’) comprises a magnetic trace (13;
13’; 130) for propelling the vehicle (2, 20) which ex-
tends in a substantially central position relative to
the track.

Toy according to claim 6, wherein the magnetic pro-
pulsion trace (13; 13’; 130) comprises a plurality of
permanent magnets (134, 135, 135 ... 13,;; 13’4, 13’5,
13'5... 13',) aligned together and having inverted
polarities with respect to one onother and oriented
transversally to the track (1, 1').

Toy according to any of the preceding claims, where-
in the track (1; 1) substantially has a "T" cross-sec-
tion comprising a vertical core (11; 11’) and a hori-
zontal portion (12; 12’).

Toy according to claim 8, wherein said at least one
magnetic levitation trace (14, 15; 14’, 15’; 140; 140’;
14Q") is arranged on the horizontal portion (12; 12’),
whereas the magnetic propulsion trace (13, 13’) is
arranged on the vertical core (11; 11°).

Toy according to any of claims 6 to 9, wherein the
vehicle (2, 20) comprises a disc (31) driven by a mo-
tor (30), on which magnets (34) are peripherally ar-
ranged which cooperate with the magnetic propul-
sion trace (13, 13’) for propelling the vehicle (2, 2).

Toy according to claim 10, wherein the vehicle (2,
20) comprises wheels (21, 22; 21A, 22A) arranged
opposite to each other on both sides of the core (11,
11°) of the track for stabilizing the vehicle transver-
sally.

Toy according to any of claims 6 to 9, wherein the
vehicle (2, 20) comprises pairs of solenoids (31, 310)
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arranged on opposite sides with respect to the mag-
netic propulsion trace (13, 13’) and cooperating
therewith for propelling the vehicle (2, 20).

Toy according to claim 12, wherein the vehicle (2,
20) comprises solenoids (31, 310) in both its front
and rear regions.

Toy according to claim 12 or 13, wherein, when the
vehicle (2, 20) is equipped with solenoids (31, 310),
the core (11, 11°) of the "T" cross-section of the track
points downwards and the lower portion of the vehi-
cle (2, 20) substantially circumscribes the upper por-
tion (12’) of the "T" cross-section.

Toy according to any of the preceding claims, where-
in the track structure is made of plastic material, and
the propulsion trace (13, 13’) and levitation traces
(14, 15, 14’, 15’) are incorporated into the plastic
structure of the track.

Track for a toy according to any of the preceding
claims, comprising a plurality of sections (1A-1L; 1A’-
1L’) having substantially a "T" cross-section which
can be connected together, with which magnetic
traces (13,14,15;13’,14°,15’; 130, 140; 140’; 140"; )
are associated for levitating and propelling a vehicle.

Track according to claim 16, wherein the magnetic
traces (13,14,15;13’,14°,15’; 130, 140; 140’; 140"; )
comprise magnetic strips extending along the sec-
tions (1A-1L; 1A™-1L").
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