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MAGKETIC LEVITATION SYSTEM FOR DOORS AND WINDOWS
Technical field

‘The present mvention refers to a magnetic levitation or suspension system for doors
and windows, in particular, [or shding using the repulsion electronically controlled

between electromagnets and permanent magnets.

Background

Smee its invention that the sliding doors or windows present the same operating
principle, based on a set of small rollers applied on the base of the door and window,
which allow sliding along a guiding rail. This principle results in a greater cffort to
move the window, due to the great friction force produced by this mechanism, to the
extent that. by the structural requirements, the diameter of the rollers used is quite
reduced, which results in a greater friction force and therefore a higher inertia to the
movement of the system, which results in the necessity of the application of a
considerable force to proceed 1o the movement of the door and window. Tt 1s to be
noted that, thercfore, for doors or windows of greater dimensions, the required force
for its movement mcreases considerably.

On the other hand, this method obliges to a permanent mechanical contact between the
door and window and the support guiding rail through the rollers. which implies a
constant charge over the rollers which enable the sliding. Hence, this constant high
charge causcs a high wear over the scveral mechanical components which compose
this system, which leads to a constant need of maintenance of the system and to a
timited useful life.

Due to the mechanical contact that exists between the several components, it is further
generated a noise associated to the movement of the door and window. This noise
could be cumbersome, or cven unpleasant, mainly when it is registered a high wear of
the sliding system.

For improving the performance of the door and window sliding svsteny, several
technologies have been developed. which are based on new roller and guiding rails

confligurations which allow in some way to reduce the [riction. as well as the mertia of
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the system, giving rise, therefore, to systems which take better advantage of the force
made by the user.

Currently, there are in other technical fields which allow to considerably reducing the
friction associated to the movement, as is the case of the magnetic systems, which are
applied on the magnetic levilation trains, or on nanopositioning systems. Despite this,
the traditional solution of the sliding svstems is based on rollers, which are used n all
the doors or windows sliding systems.

The ivention presented here solves the problems described above, differently trom the
prior art (US 7568848B2, US 03741613, US 788903782, KR100788883, CN1928313)
as explamed below.

In relation to the Patent US 7568848B2, as set forth m its claims, it relates to a shding
structure for a lenses protection door for a digital camera, so it is not enclosed in the
scope of the present mvention. In addition to the application scope, the system
described 1n this patent 1s based uniquely in a set of permanent magnets that give rise
to the opening of the protection door and its respective closure, but not proceeding to
its levitation. In this way, this system presents friction in the guiding system, since in
this case they are not magnetic.

In relation to the US 03741613 Patent, and according to its claims, it describes an
electromagnetic levitation guiding svstem for objects. In this case, its field of
application scope does not correspond to the scope of the present invention. The object
of said patent 15 unmquely based on electromagnets, both for the structure which 1s
levitated, and for the guiding structure. In this way it implies the need electric power
supply for both parts which constitute broadly the levitation system, which corresponds
for the door and window sliding systems to a great difficulty of execution.

On the other hand, the methodology described in said patent 18 not completely
operational to application in doors or windows sliding systems, since, in the way that
the system is described, there is a set of lateral forces produced by the electromagnets
which arc not duly compensated, which would causc a lateral displacement of the
guide 1n suspension. placing the magnetic poles in balance and the corresponding non
levitation of the body.

The above system 1s uniquely based on electromagnets; therefore it presents a higher

energy cluster. when compared with the system of the present mvention.
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Referring to Patent US 788903782, this discloses a shiding magnetic structure apphied
to a mobile phone. In this case the disclosed levitation system 1s not enclosed m the
same technical field as the present mvention.

‘The operating method disclosed in said patent is uniquely based on a set of permanent
magnels, being assumed that the body mass to levitate s alwavs the same, which is not
the case in doors or windows shding systems, since the mass of the doors or windows
vary according to its use.

On the other hand, the guiding system configuration disclosed does not allow the
separation of the two parts, which for the door and window shiding systems means a
great difficulty of mmplementation or even making it impossible.

The patent KR100788883 discloses a sliding door motorized system, in which the door
is fixed by means of a mechanical transmission chain, which cham is moved through
an engine. The system 1s comprised of an L profile which does not support the lateral
forces produced by the permanent magnet and electromagnet, which produce a large
lateral friction force and requires a set of rollers to help the shiding, which means a
great wear of the mechanical parts, and a noise and friction increase.

In CN1928313 is disclosed a svstem for use m a two-wing revolution door driven by
magnctic levitation and arc motor, comprising magnetic bearing and arc motor driving
equipment. A permanent-imagnet is assembled on outer ring of revolution door and the
permanent-magnet and the electromagnet are assembled on inner ring. It is unportant
to emphasize that this system presents a set of ball bearmgs m the door axle. where the
door is supported, which axle is the same axle of the ring.

Allthe solutions disclosed above, none of them refers to a window/door sliding system

by magnetic levitation, based only on magnets and electromagnets.

Description of the invention

The present mvention intends to solve the problems set forth in the description of the
above mentioned documents, especially of the traditional sliding systems. the imvention
being used in the movement by levitation of all types of sliding doors or windows, with

the different sizes and formats, which allows:



L]

10

15

20

30

a) To elimmate the friction associated 1o the movement of the sliding system and the
corresponding required effort for the shding movement of the door and window system
by the user;

b) To suppress the mechanical wear caused by the interaction of the mechanical
components;

¢) To elimmate the noise produced by the shiding svstem;

d) To mount a modular svstem, which enables to achieve the required dimensions for
each application, rendering in this way the svstem an all purpose systen in order to be
able to be applied 1n very different situations;

&) The securily of the closure or locking of the door and window increases with the
electromagnetic system implemented for the levitation;

) Duc to its gecometry is achicved a greater tightness to the air and to the water and a
greater thermal and acoustic insulation of the door and window assembly when the
door and window is n the rest condition.

The present mvention relates to an electromagnetic levitation and sliding svstem for
sliding doors or windows, and it objective is to reduce the required effort for the
displacement of the doors or windows by its user, as well as to suppress the mechanical
wear which occurs in traditional svstems.

As an electromagnetic system, it enables to effectuate the locking of the doors or
windows, when these are in the rest condition.

The shding system 1s particularly mdicated [or all kind of sliding doors or wmdows.
The levitation system enables an easier sliding due to application of human force or
other kind of force.

However, it can be used in other applications wherein there 1s the need to hift other
objects or any body and proceed with its sliding with smaller effort, the movement
caused by human force, electric, hydraulic, pneumatic force or others forces.

It 1s disclosed a magnetic levitation svstem for sliding door and window, characterized
in that it compriscs, at lcast, a movable module for the lower part of the sliding door
and window, comprising one or more permanent magnets; several fixed modules for
the lower part of the frame of the sliding door and window, each one conmprising one or
more electromagnets for producing a variable repulsive magnetic field of the magnetic

field of said magnets of the movable module.
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In a preferred embodiment, the fixed module comprises n addition one or more
permanent magnets which magnetic field 1s oriented m repulsion of the magnetic field
from the magnets of the movable module.

‘The movable module and the fixed module can be inplemented with other geometries,
such as n U or related, which present a magnetic repulsion ellect.

In a preferred embodiment, the fixed module has an inverted V profile, in particular a
truncated inverted V profile.

In a preferred embodiment, the magnets of the movable module are arranged n two
lateral parallel rows along the lower part of the shiding door and window and with the
same magnetic direction.

In a preferred embodiment, the fixed module has a V profile, particularly a V truncated
profile.

In a preferred embodiment, the electromagnets, or the electromagnets and magnets, of
the fixed module, are arranged n two lateral parallel rows along the lower part of the
frame of'the sliding door and window and with the same magnetic direction.

In a preferred embodiment, of the two said lines of the fixed module, one 1s of
electromagnets and the other is of magnets.

In a preferred embodiment, the magnetic poles of said rows of the fixed module, for
repulsion of the movable module, are arranged with an inner angle in relation to the
vertical axis of the sliding door and window.

In a preferred embodiment. the magnetic poles of said rows of the movable module, for
repulsion of the fixed module, are arranged with an outer angle in relation to the
vertical axis of the sliding door and window.

In a preferred embodiment, said angle varies between 30° and 60° particularly 45° in
relation to the horizontal axs.

A preferred embodiment comprises a sensor for measuring the clearance between the
sliding door and window and the frame of the sliding door and window, and comprises
a control unit designed to maintain a predefined clearance between the shiding door and
window and the frame of the sliding door and window through the control of the power
supplied to said electromagnets.

In a preferred embodiment. the control unit 1s designed to deactivate the
electromagnets when the movement of the sliding door and window 1t 1s not necessary

or when it is intended the locking of the siding of the sliding door and window.
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In a preferred embodiment, the control unit is designed only to activate the
electromagnets when the fixed module and the movable module are overlapped.

In a preferred embodiment. the control unit 1s designed to activate the electromagnets
of the fixed module for the inversion of its polarity so that the repulsion is suppressed,
when 1t 1s requured the locking of the shiding of the shding door and window.

A preferred embodiment comprises a plurality of said fixed modules and/or a plurality
of said movable modules.

In a preferred embodiment, said modules are interconnected by a data web.

In a preferred embodiment. the levitation system, its data web and its control umt 18

designed to activale and deactivate the electromagnets, module by module.

Brief description of the drawings

The previously indicated features, as well as further relevant features, will be more
apparent, from the following exemplificative description of the present invention,
which 1s not intend to limit its object, made with reference to the accompanying
drawings, in which:

FIG. 1A is a schematic perspective view which illustrates a sliding door and window
lower system where 1t is mstalled the magnetic sliding structure corresponding to the
present invention;

FIG. 1B 1s a schematic side view which illustrates the door and window sliding system
of FIG. 1A;

FIG. 2 is a schematic perspective of the magnetic sliding modules according with
present mvention;

FIG. 3 1s a sectional view taken on the line III-1II of the magnetic sliding modules of
FIG. 2:

FIG. 4 is a sectional view taken on the line IV-IV of the magnetic sliding modules of
FIG. 3;

FIG. 5 is a schematic block diagram of the electronic control system which makes the

activation of the magnetic sliding modules.

Detailed description
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The present mvention refers to an electromagnetic levitation and shiding system for
shding doors or windows, which object s to reduce the required effort to displace the
doors or windows by the user, as well as to eliminate the mechanical wear which
occurs in traditional systems.

The electromagnetic system enables the locking of the doors or windows, when there
are n rest condition.

As FIG. 1A shows, which s the lower schematic perspective of a sliding door and
window la, 1b, 2, the door and window being comprised by a frame 3 and its
respective window glasses defined by the parts 1a, 1b and 2. The levitation system
disclosed 1s comprised by set of electromagnetic modules 5. which produce a vanable
magnetic field, comprising the shding sill of the door and window, the electromagnetic
modules 5 being arranged in series.

The length of the shiding sill is defined by the sum of the lengths of the electromagnetic
modules used, which allows to obtam any working dimension for the door and
window.

The levitation system is further comprised by a set of magnetic modules 4, in which
they are nstalled in the lower end of the frame 3 of the door and window, in which,
they create a permanent and constant magnetic ficld, as it is possible to see with greater
detail in FIG. 1B. As in the previous case of the electromagnetic modules 3, there are
also used several magnetic modules 4, to form the frame 3 with a width identical to the
width of the door and window.

From the FIG. 1B, which is to a schematic side view of the door and window, can be
seen that by using this clectromagnetic levitation and sliding systeny, there is no
contact between the modules 4 and 5, when occurs the sliding of the door and window.
The clearance between the two modules 4 and 5 1s variable according to the features of
the door and window where these parts are applied, being able to vary between 1 and
10 mm. Inthe case in which the door and window is in the rest condition, the fix
module does not produces any magnetic ficld, which brings the window to the rest
condition in the sill. As the two modules 4 and 5 it perfectly, the preferred
embodiment, visible in FIG. 1B and FIG. 2, allows to make a water, wind and sound
sealing.

The permanent magnetic field is produced by the use of permanent magnets 9a, 9b and

12a, n particular made of Neodymium, as 1s shown in FIG. 3 and FIG. 4, being able to
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be used other similar matenals, which enable to generate magnetic fields i an axial
direction. which are sufficiently strong allowing the levitation of the door and window.
Each module 1s preferably comprised by two rows of permanent magnets, all placed
with the same magnetic ortentation, for example, the lower end being the north
magnetic pole and the upper end being the south as 18 described m FIG. 3. Ina
preferred embodiment the ends of the magnets present an orientation of 45° 1n relation
to the horizontal axis, as is represented in FIG. 3, this angle being able to vary between
30° and 60° according with the dimensions and features of the door and window where
this system will be implemented.

In cach line there are placed, n a preferred embodiment, six permanent magnets with a
clearance between the magnets which could vary between 1 and 10 mm, according to
the features of the doors or windows. The dimension, the format and the number of
magnets per each row can also vary, allowmg obtaming modules with different
dimensions.

‘The shape of permanent magnets 9a, 9b and 12a is parallelepiped, but they can present
other shapes, its dimensions being comprised between 10 and 40 mm of length, 5 to

25 mm of wadth and 1 to 8 mm of thickness, these dimensions being defined according
to the weigh of the door and window to be levitated.

In a preferred embodiment the variable magnetic field is produced by a set of
electromagnets 13, which are comprised by a ferromagnetic core 10 and a coil 11 made
copper wires, il being incorporated a set of permanent magnets 9¢ arranged m an
intercalated way, along two rows on each module 3, as described in FIG. 3 and FIG. 4.
The material that constitutes the permanent magnet 9¢ and 12b is preferably the same
described for the permanent magnets 9a, 9b and 12a.

In a preferred embodiment. on each row there are placed three electromagnets 13 and
two permanent magnets 9¢ and 12a, these being also intercalated between the two
lines, allowing a reduction in the energy consumption for the levitation and sliding
systemn, as can be scen through the FIG. 3 and FIG. 4. The rate of clectromagnets and
permanents magnets could vary according to the requirements for the magnetic field to
be produced, as well as the total number of permanent magnets and electromagnets and
the clearance between them depends on the length of the module 5, as occurs to the

module 4.
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In a preferred embodiment the form and dimensions of the upper surface of the
ferromagnetic core 10 18 identical to corresponding surfaces of the permanent magnets.
The upper end of the ferromagnetic core 10 corresponds to the north magnetic pole, as
well as an upper end of the permanent magnets 9¢ and 12b also corresponds to the
north magnetic pole. In this way, it 1s created a repulsion [orce between the magnetic
field created by the module 3 and the magnetic field created by the module 4, which
results in the levitation of the module 4 and, therefore, of the door and window.

In a sunilar way, the system can be carried out by inverting the referred magnetic
poles.

The material which constitutes the body of the magnetic module 4 and the [ixed
module 5, in which there are mserted all the components which effect the levitation 9a
and 9b, will be plastic or metal without ferromagnetic proprictics, which fulfils the
requirements of the system.

In the described device 1t 1s possible to control the intensity of the magnetic field
produced by the module 5, by adjusting the electric current which actuates in the
electromagnets 13. In this way, it is possible to control the elevation of the window,
with an electronic control system which is 1llustrated in FIG. 3.

The mains A supplics clectrical power to the system, the levels of voltage being
changed by the power interface system B, to adequate values for the actuation of the
electromagnets and electric supply of the system as a all.

The control system 1s based in a closed loop control, the elevation of levitation being
measured through a sensor 6, which measures the clearance between door and window
and its frame, preferably installed on cach fixed module 5, as can be seen in FIG. 2.
The set of sensors I' provide the clearance measure of the door and window to the
control system C, the command the power control system D being allowed m such a
way that the programmed elevation is guarantied. In turn, the power control system D
converts the information from the control system C in electric current for supplying to
the coils 11 of'the clectromagnets 13.

As the working zone of the door and window is quite bigger than the width of the door
and window, it 1s not required to activate all the modules to levitate the door and
window, being only required to activate the modules 5 that are in the zone of the door
and window. When the window moves, the management of the activation of the system

of the modules and activates the modules 5 required to the displacement, and
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deactivates those which are not required, which results  greater energy efficiency of
the svstem.

As this system is modular, each module 5 presents a set of four female electric
connectors 7 at one end, as can be seen in FIG. 2, and four male electric connectors 8
at the other end, as can be seen in FIG. 4, allowing to create a control bus for several
modules 3, all the modules laving parallel to the control system.

In a preferred embodiment, it is described a electromagnetic levitation and shiding
system for sliding doors or windows, based on a system of magnetic modules 4 and of
electromagnetic modules 5 which are driven by an electronic control system through
the electromagnetic [ield created. which provides the levitation and shiding of the door
and window system. The levitation and shiding system is characterized in that it further
comprises the following clements:

a) at least a magnetic module 4. where are mounted a set of permanent magnets 9a, 9b
and 12a. which produces a constant magnetic field;

b) several electromagnetic modules 3. in each one being a set of permanent magnets 9¢
and 12b, intercalated with electromagnets 13, which produce a controllable magnetic
field;

¢) at least a clearance sensor 6, inserted in cach fixed module 3;

d) at least a female electric connector 7 and several male electric connectors;

¢) at least an electronic control system.

In a preferred embodiment. the system 1s modular. the use of several modules 5
allowing the definition of the sliding total length of the door and window, as well as
the use of several modules 4 allowing implementing the system i doors or windows of
any dinension.

In a preferred embodiment. the system is characterized in that the permanent magnets
9a, 9b and 12a, mounted in the module 4, are arranged along two parallel rows with a
distance between magnets, which could vary according to the features of the doors or
windows.

In a preferred embodiment, the system is characterized in that the permanent magnets
9¢ and 12b and the electromagnets 13, mounted in the module 5, are arranged along
two parallel rows with a distance between magnets which could vary according to the

features of the doors or windows.



L]

10

15

20

30

11

In a preferred embodiment, the svstem 1s characterized m that the upper ends of the
permanent magnets 9¢ and 12b and of the electromagnets 13 mounted m the module 3
and the lower ends of the permanent magnets 9a. 9b and 12a mounted i the module 4
present the same magnetic pole, which provides the repulsion of the modules.

In a preferred embodiment. the system 1s characterized n that the ends of the magnets
9a, 9b, 12a, 9¢c and 12b and of the electromagnets 13 present an orientation of 45% in
relation to the horizontal axis. this angle being able to vary between 30° and 60°
according to the dimensions and features of the door and window where this system
will be implemented.

In a preferred embodiment. the system is characterized m that the electric connection
of the several electromagnets having a net shape, the power activation circuit and bemg
mmserted in the module itself, which results in the reduction of the number of required
connections between the modules 5.

In a preferred embodiment. the circuit comprises a derivative integral proportional
controller with a sensor which allows measuring the clearance between the two
modules and activating the electromagnets in order to guarantee that the shding door
and window la, 1b, 2 maintain a certain levitation clearance.

In a preferred embodiment, the svstem is characterized m that the control of the
levitation clearance of the sliding door and window la, 1b, 2 is based on a closed loop
control model.

In a preferred embodiment. the system is characterized m that the control svstem can
be directly supplied by the mains, or by another alternative energy source.

In a preferred embodiment, the svstem is characterized m that a control of the
activation for several modules is done only in the zone where is positioned the door
and window with the purpose to lower energy consumption.

In a preferred embodiment, the system is characterized in that the magnetic closure of
the door and window is allowed by the inversion of the magnetic poles of the
clectromagnets 13.

In a preferred embodiment, the syvstem 1s charactenized by deactivate all the modules
when the door and window is in rest condition.

In a preferred embodiment. the system is characterized in that it can to be applied for

the movement of another tvpe of objects which operate by shdmmg.
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The described embodiments can be combined there between. The following claims

describe additional embodiments of the mvention.
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CLAIMS

1 - Magnetic levitation system for sliding door and window (1a, 1b, 2), characterized in
that it comprises:
- al least a movable module (4) [or the lower part of the sliding door and window (1a.
b, 2) which comprises one or more permanent magnets (9a, b and 12a), and the
frame of the door and window:
- several fixed modules (5) for the lower part of the frame of the sliding door and
window (1a, 1b. 2), which comprise each one or more electromagnets (13) for
producing a vartable magnetic [ield repulsive of the magnetic ficld of said magnets (9a,
9b and 12a) of the movable module (4);
- at least a clearance sensor (6), inserted in cach fixed module (5);
- several electric connectors (7, 8);
- at least an electronic control system (C);
- the distance between the fixed module and the movable module varies between 1 and
10 mm.

2 - System according to the claim 1, characterized n that the movable module
(4) presents a truncated inverted V profile and the fixed module (5) presents a
truncated V profile.
3 - System according to the previous claims, characterized in that the fixed module (5)
additionally comprises one or more permanent magnets (9¢ and 12b) which magnetic
field is oriented for repulsion of the magnetic field of the magnets of the movable
module (4).
4 - System according to the previous claims, characterized in that the magnets (9a, 9b
and 12a) of the movable module (4) are arranged on two lateral parallel rows along the
lower part of the sliding door and window (1a. 1b, 2) and with the same magnetic
direction.
5 - System according to the previous claims, characterized n that the clectromagnets
(13}, or electromagnets (13) and magnets (9¢ and 12b). of the fixed module (5), are
arranged on two lateral parallel rows along the lower part of the frame of the sliding

door and window (1a, 1b, 2) and with the same magnetic dwection.
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6 - System according to the claim 5, characterized n that from one of the two said
rows of the fixed module (5) 1s a row of electromagnets (13) and the other row is of
magnets (9¢ and 12b).

7 - System according to claims 5 and 6, characterized in that the magnetic poles of said
rows ol the [ixed module (5), [or repulsion of the movable module (4), are arranged
with an inner angle in relation 1o the vertical axis of the shding door and window (1a,
b, 2).

8 - Svstem according to claims 4 to 7, characterized in that the magnetic poles of said
lines of the movable module (4), for repulsion of the fixed module (5). are arranged
with an outer angle in relation to the vertical axis of the shiding door and window (1a,
b, 2).

9 - System according to claims 7 and 8, characterized in that said angle varies between
30° and 60° in relation to the horizontal axis, m particular 45°,

10 — System according to any one of the previous claims, characterized inthat it
comprises a clearance sensor (6) between the sliding door and window (la, 1b, 2) and
the frame of the sliding door and window (1a, 1b, 2), and it comprises a control unit
(C) designed to mamtain a predefined clearance between the shiding door and window
(1a. 1b, 2} and the frame of the sliding door and window (1a, 1b, 2), by controlling the
power supplied to said electromagnets (13).

11 - System according to the claim 10, characterized in that the control unit (C) is
designed to deactivate the electromagnets {13) when the movement of the shiding door
and window (la, 1b, 2) 1s not required or when 1t is intended for locking of the sliding
of'the sliding door and window (1a, 1b, 2).

12 - System according to claims 10 and 11, characterized in that the control unit (C) is
designed to activate only the electromagnets (13) when the fixed module (5) and the
movable module (4) are overlapped.

13 - System according to claims 10 to 12, characterized in that the control unit is
designed to activate the clectromagnets (13) of the fixed module (5) for inversion of
the polarity of so that the repulsion is suppressed when 1t is required the locking of the
sliding of the sliding door and window (1a, 1b, 2).

14 — System according to any one of the previous claims, characterized inthat it
comprises a plurality of said fixed modules (5) and/or a plurality of said movable

modules (4).
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15 - System according to the claim 14, characterized n that said modules (4, 5) are
interconnected by a data web.
16 - System according to claims 10 to 13, characterized in that the conmtrol unit (C) 18

configured to activate and deactivate the electromagnets (13), module by module.



