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(54) IMPROVED PERMANENT MAGNET BEARING

(57)  The present invention relates to an improved
permanent magnet bearing (1) for producing a substan-
tially constant repulsion magnetic force (F), and compris-
ing a fixed (2) and a rotatable (3) members endowed with
pluralities of permanent magnets (21, 31) facing each
other, a volume deformable cavity (4) containing a fluid
(5) which is maintained at a substantially constant pres-

sure by pressure means (7), for continuously exercising
a pressure force to a lower surface (S) of the fixed mem-
ber (2), modifying an airgap (Az) between said fixed (2)
and rotatable (3) members in response to a change of
operating temperature and/or a change of said perma-
nent magnets (21, 31) properties.
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Description
Field of the invention

[0001] The present invention relates to an improved
permanent magnet bearing.

Background of the invention

[0002] Permanent magnet bearings allow providing a
magnetic force between a rotor and a stator of mechan-
ical rotary system thanks to the interaction between for
instance two members comprising pluralities of perma-
nent magnets facing each other with opposite polarities.
[0003] For applications subject to a high axial load,
such as mechanical rotary systems comprising a flywheel
or a turbine, permanent magnet bearings can be com-
bined with mechanical bearings inside an hybrid system
for guiding a shaft of the system. The guidance of the
shaft is mainly ensured by the mechanical bearings while
those latter are relieved from the axial load by the per-
manent magnet bearings thanks to generated magnetic
force. This allows to increase the lifetime of the mechan-
ical bearings, and to decrease the losses inside the sys-
tem.

[0004] However, properties of permanent magnets
generally depend on different parameters such as oper-
ating temperature and demagnetization due to magnets
aging for instance. This change of properties result in a
variation of the magnetic force taking place in permanent
magnet bearings.

Summary of the invention

[0005] An object of the invention is to provide a per-
manent magnet bearing that is less dependent on the
changes of properties of its permanent magnets.
[0006] According to this object, the invention provides
an improved permanent magnet bearing comprising:

- afixed member;

- arotatable member configured to rotate around an
axis; the fixed and rotatable members facing each
other, such that an airgap is defined between the
fixed and rotatable members, and measured along
the axis;

- afirst plurality of permanent magnets comprised in
the fixed member;

- asecond plurality of permanent magnets comprised
in the rotatable member; each permanent magnet of
the first plurality of permanent magnets substantially
facing at least partially at least one permanent mag-
net of the second plurality of permanent magnets
with opposed polarity, in such a way to produce a
repulsion magnetic force in parallel to the axis;

- a volume deformable cavity mechanically coupled
with a member among the fixed and rotatable mem-
bers, comprising atleastone movable side bordering
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a surface of the member; the cavity containing a fluid
for exercising a pressure force to the at least one
movable side;

- pressure means connected with the cavity for main-
taining said fluid at a substantially constant pressure
in the cavity;

the improved permanent magnet bearing being config-
ured such that a move of the movable side substantially
in parallel to the axis occurs in response to a change of
the permanent magnets properties, modifying the airgap
and maintaining the force substantially constant.

[0007] This improved permanent magnet bearing is
less dependent on the changes of properties of the per-
manent magnets. It allows to generate a substantially
constant repulsion magnetic force independently from
permanent magnets properties variations.

[0008] The first part of this bearing consisting in the
fixed and rotatable members, and the first and second
pluralities of permanent magnets is standard. For prede-
termined operating conditions, the cavity and the pres-
sure means allows to reach an equilibrium position such
that the repulsion magnetic force reaches a predeter-
mined force compensating, together with another force
coming from the pressure exerted by the pressurized fluid
of the cavity onthe surface, a predetermined systemload.
In the case of a variation of permanent magnets proper-
ties, for example, in the case of a change of the operating
temperature, the repulsion magneticforce variates, while
the pressure and the system load both remain constant.
Therefore, the at least one movable side together with
the member move along the axis, then modifying the air-
gap, till a new equilibrium position is fund, providing a
repulsion magnetic force equivalent to the initial one.
[0009] The invention then allows to realize a substan-
tially constant repulsion magnetic force even when the
operating temperature varies, and/or even when the per-
manent magnet properties deteriorate, due to aging for
instance, without any need of intervention during opera-
tion or commissioning. The repulsion magnetic force is
preferably a suspension magnetic force.

[00610] The improved permanent magnet bearing ac-
cording to the invention has the advantage to be very
easy to manufacture because it comprises only one com-
ponent, the cavity, that has to be inserted in a bearing
limited space configured to be arranged between a rotor
and a stator of a rotary mechanical system.

[0011] Advantageously, the cavity and the pressure
means act then as compensation means allowing a pas-
sive compensation of permanent magnets properties
variations, without any active intervention. This is partic-
ularly advantageous, in particular, because the impact
of permanent magnets aging on the permanent magnets
properties is currently not well understood. It is then im-
portant to have passive compensation means taking into
account this factor. In addition, as the invention is almost
not sensitive to the permanent magnet aging, it is more
durable and reliable than other permanent magnetic
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bearings according to the prior art.

[0012] Moreover, the improved permanent magnet
bearing according to the invention allows to take into ac-
count small mechanical position change perpendicularly
to the axis, the repulsion magnetic force remaining sub-
stantially constant. Such position change can be due to
a small shaft position deviation for instance. In addition,
the largest distance between a point of the cavity and a
point of the other member of the invention remains sub-
stantially constant because any airgap change is pas-
sively compensated by a size change of the cavity meas-
ure along the axis. The invention contributes then to a
good mechanical stability of a mechanical system in
which it is implanted.

[0013] In addition, the improved permanent magnet
bearing according to the invention allows to adapt the
airgap if this differs from a theoretically computed airgap.
This is advantageous because it is not always possible
to determine precisely beforehand all the mechanical pa-
rameters of a mechanical system in which it is planned
to be implanted. It is possible to compensate an airgap
deviation after an implementation of such system without
having to dismantle it.

[0014] Advantageously, the invention can be used in
many applications for which the repulsion magnetic force
has to remain substantially constant. For instance, the
improved permanent magnet bearing according to the
invention can be implemented in mechanical systems,
preferably high axial load mechanical rotary systems,
such as turbines, flywheel systems, inertial energy stor-
age systems, chemical pumps, nanospindles, ultra high
speed permanent magnet motors, mixers and stirrers,
and/or watt-hour meters.

[0015] Preferably, the member consists in the fixed
member. Nevertheless, In the framework of the present
document, the fixed and the rotatable members are sym-
metrically interchangeable. In particular, the cavity can
be mechanically coupled with the rotatable member with-
out departing from the scope of the invention. Similarly,
the fixed and the rotatable members can symmetrically
either be one above or below the other along the axis.
[0016] Particular embodiments of the cavity and the
pressure means are discussed hereafter. Advanta-
geously, these can be implement easily by known and
accessible technical means. In particular, the pressure
means are able to maintain substantially the constant
pressure in the cavity either actively or passively. Pref-
erably, the pressure means also allow to maintain tem-
perature of the fluid in the cavity is substantially constant
independently from operating temperature variations.
[0017] In the framework of the present document, the
term "comprising" should not be interpreted as being re-
stricted to the elements or steps listed thereafter; it does
not exclude other elements or steps. It needs to be inter-
preted as specifying the presence of the stated features,
integers, steps or components as referred to, but does
not preclude the presence or addition of one or more
other features, integers, steps or components, or groups
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thereof. Thus, the scope of the expression "a device com-
prising A and B" should not be limited to devices consist-
ing only of components A and B, rather with respect to
the present invention, the only enumerated components
of the device are A and B, and further the claim should
be interpreted as including equivalents of those compo-
nents.

[0018] Furthermore, the terms “first", "second" and the
like, in the present document, are used for distinguishing
between similar elements and not necessarily for de-
scribing a sequential or chronological order. These terms
are interchangeable under appropriate circumstances.
[0019] According to an embodiment of the invention,
the first plurality of permanent magnets and/or the sec-
ond plurality of permanent magnets comprises a plurality
of alternated polarity concentric rings of permanent mag-
nets arranged symmetrically and radially with respect to
the axis.

[0020] The permanent magnets are preferably arched
shaped. All the permanent magnets on a first ring of a
first external radius have the same polarity orientation,
while this first ring is fixed to a second surrounding con-
centric ring of a second radius greater than the first ra-
dius, all the permanent magnets on the second ring hav-
ing the same other polarity orientation, and so on for other
rings. Preferably, there are at least five such rings, more
preferably at least ten such rings.

[0021] Preferably, both the first and second pluralities
of permanent magnets comprise a plurality of alternated
polarity concentric rings of permanent magnets arranged
symmetrically and radially with respect to the axis. Pref-
erably, each ring permanent magnets of the first plurality
of permanent magnets with a polarity and a ring external
radius faces a ring of permanent magnets of the second
plurality of permanent magnets with the other polarity
and the same ring external radius.

[0022] Therings of permanent magnets of the first plu-
rality (respectively, the second plurality) of permanent
magnets are preferably fixed to a surrounding annular
support which is comprised in the fixed member (respec-
tively, the rotatable member). Preferably, this support is
made of iron. Preferably, the fixed member (respectively,
the rotatable member) comprises a iron disk wherein an-
nular grooves are made in order to from the surrounding
annular support, and annular locations for the rings of
permanent magnets. These rings are preferably fixed on
the disk by an epoxy resin.

[0023] According to a first embodiment of the first part
of the bearing, permanent magnets of the first plurality
and/or the second plurality of permanent magnets are
neodymium magnets, ie. magnets made from an alloy
{Nd,Fe4B) of neodymium, iron and boron. Advanta-
geously, neodymium magnets are well known by a man
skilled in the art and are currently one of the strongest
type of permanent magnets commercially available.
[0024] According to a second embodiment of the first
part of the bearing, permanent magnets of the first plu-
rality and/or the second plurality of permanent magnets
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are samarium-cobalt magnets, ie. magnets made from
an alloy (SmCog or Sm,Co,7) of samarium and cobalt.
Advantageously, samarium-cobalt magnets are well
known by a man skilled in the art and are as strong as
neodymium magnets. Moreover, they have a very high
temperature rating which is very advantageous in the
framework of the invention. In fact, for some applications,
the temperature of the magnets can increase up to 120°
Celsius and more.

[0025] Preferred embodiments of the cavity according
to the invention are now discussed. In particular, the cav-
ity is preferably implemented as at least one jack like
device comprising the atleast one movable side and con-
figured for containing a pressurized fluid, preferably an
air or a liquid. The force develop by the device is prefer-
ably proportional to the pressure and the surface area.
[0026] Accordingto afirst preferred embodiment of the
cavity according to the invention, it comprises an interior
chamber of one actuator among: a pneumatic actuator,
an hydraulic actuator; the at least one movable side com-
prising a piston of actuator. Sides of this cavity are con-
stituted by the actuator, comprise the piston and are pref-
erably cylindrical shaped. The piston allows to exert the
pressure on the surface.

[0027] The actuator is preferably a pneumatic actuator
for the fluid being an air. The actuator is preferably an
hydraulic actuator for the fluid being a liquid. Advanta-
geously, an actuator is cheap, very well known by a man
skilled in the art, and easy to manufacture and to manip-
ulate.

[0028] According to a second preferred embodiment
of the cavity of the invention, it comprises at least one
cylindrical shaped volume deformable cavity bordered
by:

- an upper side comprised in at least one movable
side;

- afixed lower side facing the upper side;

- alateral side connecting the upper and fixed lower
sides, extensible along the axis, and preferably de-
formable, comprising a soft spring, whose stiffness
is lower than an axial magnetic stiffness of the per-
manent magnet bearing.

These sides form a fluid hermetic border of the cavity.
[0029] From a modelling point of view, the first part of
the bearing can be seen as a spring without contact with
the axial magnetic stiffness. In the present embodiment,
the first part of the bearing and the soft spring are acting
in series. By an appropriate design choice for the soft
spring, the total contribution ofthese springs can be made
independent of operating temperature variations as well
as of permanent magnets aging.

[0030] In particular, this choice has to be made such
that the ratio denoted by r and defined by the division of
the stiffness by the axial magnetic stiffness is lower than
one. More specifically, the soft spring acts to compensate
at least partially the temperature effect on the repulsion
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magnetic force. For instance, with r = 1, the force drops
at 84% before irreversible demagnetization at 158° Cel-
sius. With r = 1/10, the axial force drops at 97% before
irreversible demagnetization at 156° Celsius. As a con-
sequence, forr> 10, the soft spring does not compensate
at all the operating temperature effect. In opposition, with
r < 1/10, the operating temperature variations are well
compensated. Preferably, the soft spring stiffness is then
at least ten times lower than the axial magnetic stiffness.
[0031] In case of an irreversible demagnetization oc-
curred, the soft spring according to this embodiment of
the cavity is still able to maintain a substantially constant
repulsion magnetic force even if the temperature de-
crease. Inthat case, however, the airgap would not come
back to a reference value but to a smaller value depend-
ing on the depth of such an irreversible demagnetization.
[0032] The advantageous claimed technical effect re-
quired nevertheless the combination of the soft spring
and the pressurized fluid in the cavity. In fact, for some
applications, the permanent magnetbearing need to bear
a high axial load. In this case, a soft spring only would
not be sufficient as only one compensation means for
maintaining the repulsion magnetic force substantially
constant. Practically, the soft spring need to have a low
stiffness, to be able to develop a high axial force for com-
pensating high axialload, as well as tc have ahigh natural
length. To implement these characteristics, it is particu-
larly advantageous to use a soft spring as part of aflexible
metal bellow introduced hereafter as a fifth embodiment
of the cavity. In particular, the at least one cylindrical
shaped volume deformable cavity consists preferably in
an interior chamber of a pressurized metal bellow con-
taining the fluid, the latter consisting in an air.

[0033] According to another more general preferred
embodiment of the cavity of the invention, it comprises
at least one interior chamber of a flexible bellow contain-
ing the fluid.

[0034] Advantageously, aflexible bellowis cheap, very
well known by a man skilled in the art, and easy to man-
ufacture and to manipulate. It allows to exert uniformly
the pressure on the surface. Such a bellow is volume
deformable and preferably able to dilate and to shrink
following some movements of the at least one movable
side, due to airgap variations, due to permanent magnets
properties variations. Given that the cavity is connected
to pressure means, the pressure inside the cavity main-
tained substantially constant despite potential volume
deformation of the cavity.

[0035] Preferably the fluid is a gas, more preferably an
air, the flexible bellow being one among: a pneumatic
bellow, a diaphragm bellow, or a metal bellow. These
particular bellows are well known by a man skilled in the
art and are now referred respectively as a third, a fourth
and afifth preferred embodiments of the cavity according
to the invention, this last one being substantially equiv-
alent to a more preferred embodiment of the second
above mentioned preferred embodiment of the cavity.
[0036] These embodiments of the cavity are detailed
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in the description of the invention. A pneumatic bellow
defines preferably an airbag like cavity completely bor-
dered by a flexible and/or elastic material able to dilate
and to shrink for following the permanent magnets prop-
erties variations, in order to maintain substantially con-
stant the repulsion magnetic force. A diaphragm bellow
comprises preferably at least one rigid side and at least
one flexible side. The at least one flexible side is config-
ured for moving and/or dilating and/or contracting in re-
sponse to a change of the airgap due to permanent mag-
nets properties variations. The atleast one movable side
is preferably comprised in the at least one rigid side and
bordered by the at least one flexible side, in such a way
to move along the axis like a board attached to an elastic.
[0037] The first, second, third, fourth and fifth embod-
iments of the cavity are fully compatible. In fact, the cavity
preferably comprises a plurality of independent cham-
bers, each chamber constituting itself a cavity that can
be implemented according to any one of those embodi-
ments.

[0038] In particular, the cavity preferably comprises a
plurality of interior chambers of flexible bellows that are
arranged along a ring, around the axis. Preferably, the
at least one movable side comprising a plurality of mov-
able sides, each of these interior chambers being bor-
dered by one of the movable sides.

[0039] Preferred embodiments of the pressure means
according to the invention are now discussed. The pres-
sure means are implemented both for a fluid consisting
in a gas or in a liquid. They are preferably deported pas-
sive or active means connected to the cavity for compen-
sating its volume variation due to airgap variations, them-
selves due to permanent magnets properties variations.
In this sense, as explained above, the role played by
those pressure means is indispensable to the realization
of the invention. In fact, without such pressure means,
the pressure would not be able to be maintained sub-
stantially constant in the cavity if the cavity is subject to
such above mentioned volume variations. Operating
temperature variations does not affect the fluid inside the
cavity.

[0040] According to a firstembodiment of the pressure
means according to the invention, it comprises an air tank
connected to the cavity; the fluid consisting in an air. Ac-
cording to a second embodiment of the pressure means
according to the invention, it comprises an expansion
tank connected to the cavity; the fluid consisting in a wa-
ter.

[0041] Advantageously, both the air tank and the ex-
pansion tank are known for a skilled person and they are
perfectly adapted as active pressure means for a fluid
consisting in a gas and a liquid respectively. Such a tank
is preferably deported from the first part of the permanent
magnetic bearing and can be connected with the cavity
by a relatively small pipe given that the pressure varia-
tions to be compensated in the cavity are small and occur
very slowly. Although the pressure means is a major part
of the invention, its implementation is advantageously
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very simple.

[0042] According toa thirdembodimentofthe pressure
means according to the invention, it comprises a fluidic
connection to a pneumatic circuit and/or an hydraulic cir-
cuit.

[0043] This third embodiment consists in, preferably
passive, pressure means able to take advantage of an
existing pneumatic (if the fluid consists in a gas, such as
an air) and/or hydraulic (if the fluid consists in a liquid,
such as a water) circuit. Preferably, this circuit is a circuit
of a high axial load mechanical rotary system in which
the improved permanent magnet bearing is implanted.
This embodiment of the pressure means is fully compat-
ible with the first and/or second above mentioned em-
bodiments. In particular, both active and passive pres-
sure means can be used according to the invention.
[0044] According to a particular embodiment of the in-
vention, the improved permanent magnet bearing further
comprises at least one pressure sensor for monitoring
the repulsion magnetic force.

[0045] Advantageously, it is very easy to provide the
invention with such pressure sensor which can be very
cheap and small. It allows to have a continuous picture
of the repulsion magnetic force in a system. Pressure
data measure from the sensor can be collected and an-
alyzed in order to improve the mechanical implementa-
tion of the invention in a system.

[0046] Preferably, according to the second embodi-
ment of the cavity of the invention, the improved perma-
nent magnet bearing further comprises at least one soft
spring position detector for monitoring the airgap. Data
collected fromthe detector can be advantageously cross-
checked with pressure data from the pressure sensor.
[0047] The present invention also provides an hybrid
system comprising:

- an improved permanent magnet bearing according
to the invention;

- ashaft arranged to rotate around the axis;

- amechanical bearing mechanically coupled with the
improved permanent magnet bearing and the shaft;

the mechanical bearing being configured for guiding the
shaft along the axis; the improved permanent magnet
bearing being configured for relieving the mechanical
bearing from an axial load.

[0048] The presentinvention also provides a high axial
load mechanical rotary system comprising an hybrid sys-
tem according to the invention.

[0049] The whole set of embodiments of the improved
permanent magnet bearing according to the invention
and the whole set of advantages of this improved per-
manent magnet bearing use apply mutatis mutandis both
to the present hybrid system and to the present high axial
load mechanical rotary system.

[0050] Inparticular, both the presenthybrid systemand
the present high axial load mechanical rotary system
benefit from improved durability and reliability, as well as
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decreased internal losses.

[0051] Inthe context of the present document, it is ap-
preciated that the various embodiments referred to as
"preferred" are to be construed as exemplary manners
in which the invention may be implemented rather than
as limiting the scope of the invention.

Brief description of the figures

[0052] Forabetter understanding of the presentinven-
tion, reference will now be made, by way of example, to
the accompanying drawings in which:

- Figure 1 illustrates a schematic view of a high axial
load mechanical rotary system comprising an im-
proved permanent magnet bearing according to an
embodiment of the invention;

- Figure 2 illustrates a schematic bi-dimensional view
of the improved permanent magnet bearing accord-
ing to the embodiment of the invention illustrated in
figure 1;

- Figure 3 illustrates a schematic tridimensional sec-
tional view of a part of an improved permanent mag-
net bearing according to an embodiment of the in-
vention;

- Figure 4 illustrates a schematic tridimensional sec-
tional view of a lower part of an improved permanent
magnet bearing according to an embodiment of the
invention;

- Figure 5a1-c2 illustrate schematic bi-dimensional
views of improved permanent magnet bearings ac-
cording to embodiments of the invention with cavities
being interior chambers of flexible bellows.

Description of the invention

[0053] The present invention will be described with re-
spect to particular embodiments and with reference to
certain drawings but the invention is not limited thereto.
The drawings described are only schematic and are non-
limiting. In the drawings, the size of some of the elements
may be exaggerated and not drawn on scale for illustra-
tive purposes. On the figures, identical or analogous el-
ements may be referred by a same number.

[0054] Figure 1illustrates a high axial load mechanical
rotary system 10 comprising an hydraulic turbine system
12 around a shaft 9 arranged to rotate around an axis Z.
The hydraulic turbine system 12 is mechanically couples
with other mechanical elements 11 by a coupling 14. The
system 10 comprises an improved permanent magnet
bearing 1 according to the invention, providing the hy-
draulic turbine system 12 with arepulsion magnetic force
F. As it is schematically illustrated, the hydraulic turbine
system 12 is surrounded by an enclosure 13 and com-
prises at least one mechanical bearing 8 which is me-
chanically coupled with the improved permanent magnet
bearing 1 and the shaft 9. The mechanical bearing 8 in-
cludes centering devices, joints and/or amechanical stop
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ensuring. The guidance of the shaft 9 is ensured by the
mechanical bearing 8 while the latter is relieved from an
axial load of the system 10 by the permanent magnet
bearing 1 thanks to the generated repulsion magnetic
force F. This allows to increase the life time of the me-
chanical bearing 8 as well as to decrease the losses in-
side the system 10. As explained in the summary of the
invention, this force F is substantially constant, and this,
independently from permanent magnets properties var-
iations depending on parameters such as operating tem-
perature and magnets aging.

[0055] The improved permanent magnet bearing 1 is
more specifically schematically illustrated in the figure 2.
It comprises a fixed member 2 coupled with a stator of
the flywheel system 12, a rotatable member 3 coupled
with a rotor of the flywheel system 12, arranged to rotate
around the axis Z, and facing the fixed member 2 along
a plane perpendicular to the axis Z, such that an airgap
Az is defined between the fixed 2 and the rotatable 3
members, this airgap Az being measured positively along
the axis Z. The fixed member 2 comprises a first plurality
of permanent magnets 21 and the rotatable member 3
comprises a second plurality of permanent magnets 31.
Each permanent magnet of the first plurality 21 faces at
least one permanent magnet of the second plurality 31
substantially in parallel to the plane, polarities of the per-
manent magnets being arranged in such a way to pro-
duce the repulsion magnetic force F in parallel to the axis
Z. The improved permanent magnet bearing 1 also com-
prises a volume deformable cavity 4 mechanically cou-
pled with the fixed member 2. This cavity 4 comprises at
least one movable side 41 bordering a surface S of the
fixed member 2. The cavity 4 contains a fluid 5, consisting
in an air, at a predetermined substantially constant pres-
sure for pressurizing continuously the surface S of the
fixed member 2. The pressure and the temperature of
the fluid 5 inside the cavity are maintained substantially
constant thanks to pressure means 7 comprising a de-
ported air tank 71 and a small pipe 72 connecting the air
thank 71 and the cavity 4. In this way, as explained in
the summary of the invention, as the pressure is sub-
stantially constant, a change of the permanent magnets
21, 31 properties will induce a move of the movable side
41 substantially in parallel to the axis Z, modifying then
the airgap Az, and maintaining the force F substantially
constant. The volume of the air thank 71 is chosen suf-
ficiently greater than the maximal volume variation of the
cavity 4 due to the airgap Az variation in order to maintain
the pressure constant.

[0056] Figures3and4 illustrate tridimensional section-
al views of parts of an improved permanent magnet bear-
ing 1 according to an embodiment of the invention. The
permanent magnets 21 and 31 are placed on a plurality
of alternated polarity concentric rings of permanent mag-
nets R arranged symmetrically and radially with respect
to the axis Z. The polarity of each ring of permanent mag-
nets R is illustrated by an arrow. The polarities of perma-
nent magnets 21 and 31 are substantially arranged for



1 EP 3 608 553 A1 12

generating the repulsion magnetic force F. The perma-
nent magnetic bearing 1 is enclosed in an enclosure 13'.
The cavity 4 is arranged mainly below the fixed member
2 and comprises a plurality of interior chamber of flexible
bellows 6 symmetrically disposed on a ring around the
axis Zforexerting uniformly a substantially constant pres-
sure on the surface S. Each of the interior chambers is
connected to an air tank 71 by a small pipe 72.

[0057] Each ofthe figures 5a1-2illustrates an arrange-
ment of a fixed member 2, a rotatable member 3 and a
cavity 4 comprising an interior chamber 40’ of pressu-
rized pneumatic bellow 6 according to the embodiment
of the invention called third embodiment of the cavity 4
in the summary of the invention. The interior chamber
40’ is completely bordered by a movable flexible side 61
able to dilate and to shrink following the permanent mag-
nets properties variations. As a lower part of the flexible
side is arranged to be fixed to a stator of a mechanical
system, a upper part of the flexible side is mainly movable
along the axis Z and constitutes the pressurized at least
one movable side 41 bordering a surface S of the fixed
member 2.

[0058] Each ofthe figures 5b1-2illustrates an arrange-
ment of a fixed member 2, a rotatable member 3 and a
cavity 4 comprising an interior chamber of pressurized
metal bellow 6 according to the embodiment of the in-
vention called fifth embodiment of the cavity 4 in the sum-
mary of the invention. In particular, this consists in a par-
ticular embodiment of the called second embodiment of
the cavity 1 which comprises a cylindrical shaped volume
deformable cavity 40 corresponding to the above men-
tioned interior chamber. This embodiment is widely dis-
cussed in the summary of the invention. The cavity bor-
dered by the at least one movable side 41, a lower side
42 is arranged to be fixed to a stator of a mechanical
system, and a flexible lateral side 43, extensible along
the axis Z, and comprising a cylindrical shaped softspring
44 surrounding the cavity 40. The spring 44 is designed
to have a stiffness at least ten times lower than an axial
magnetic stiffness of the magnetic bearing due to the
magnetic force between the permanent magnets 21 and
31. This allows the operating temperature variations to
be very well compensated.

[0059] Each ofthe figures 5¢c1-2illustrates an arrange-
ment of a fixed member 2, a rotatable member 3 and a
cavity 4 comprising an interior chamber 40’ of pressu-
rized diaphragm bellow 6 according to the embodiment
of the invention called fourth embodiment of the cavity 4
in the summary of the invention. The pressurized dia-
phragm bellow 6 comprises arigid side 61 and an annular
flexible side 62. The pressurized at least one movable
side 41 bordering a surface S of the fixed member 2 is
comprised in a connected part of the rigid side 61 and
bordered annularly by the flexible side 62, in such a way
to be able to move along the axis Z, according to flexible
side 62 movements that permit a volume deformation of
the interior chamber 40'.

[0060] Each of the figures Sa-c1 (left representations)
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illustrates the arrangement at an operating temperature
of 20° Celsius, and each of the figures 5a-c2 (right rep-
resentations) illustrates the arrangement at an operating
temperature of 120° Celsius. At the latter temperature,
the repulsion magnetic force F due to the permanent
magnets 21 and 31 ofthe fixed 2 and rotatable 3 members
respectively decreases due to permanent magnets prop-
erties variations themselves due to this change of oper-
ating temperature. As there is a substantially constant
pressure of the fluid 5 inside the interior chamber 40 or
40’, the latter’s volume increases, and the airgap Az de-
creases, until a equilibrium position is find allowing the
repulsion magnetic force F to be maintained substantially
constant.

[0061] In other words, the present invention relates to
an improved permanent magnet bearing 1 for producing
a substantially constant repulsion magnetic force F, and
comprising afixed 2 and arotatable 3 members endowed
with pluralities of permanent magnets 21, 31 facing each
other, a volume deformable cavity 4 containing a fluid 5
which is maintained at a substantially constant pressure
by pressure means 7, for continuously exercising a pres-
sure force to a lower surface S of the fixed member 2,
modifying an airgap Az between said fixed 2 and rotatable
3 members in response to a change of operating tem-
perature and/or a change of said permanent magnets
21, 31 properties.

[0062] Although the present invention has been de-
scribed above with respect to particular embodiments, it
will readily be appreciated that other embodiments are
also possible. The embodiments of the invention can op-
erate in other sequences than described or illustrated
herein.

Claims

1. Improved permanent magnet bearing (1) compris-
ing:

- a fixed member (2);

- a rotatable member (3) configured to rotate
around an axis (Z); said fixed (2) and rotatable
(3) members facing each other, such that an air-
gap (Az) is defined between said fixed (2) and
rotatable (3) members, and measured along
said axis (Z),

- afirst plurality of permanent magnets (21) com-
prised in said fixed member (2);

- a second plurality of permanent magnets (31)
comprised in said rotatable member (3); each
permanent magnet of said first plurality of per-
manent magnets (21) substantially facing at
least partially at least one permanent magnet of
said second plurality of permanentmagnets (31)
with opposed polarity, in such a way to produce
a repulsion magnetic force (F) in parallel to said
axis (2);
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- a volume deformable cavity (4) mechanically
coupled withamemberamong saidfixed (2) and
rotatable (3) members, comprising at least one
movable side (41) bordering a surface (S) of said
member; said cavity (4) containing a fluid (5) for
exercising a pressure force to said at least one
movable side (41);

- pressure means (7) connected with said cavity
(4) for maintaining said fluid at a substantially
constant pressure in said cavity (4);

the improved permanent magnet bearing (1) being
configured such that a move of said movable side
(41) substantially in parallel to said axis (Z) occurs
in response to a change of said permanent magnets
(21, 31) properties, modifying said airgap (Az) and
maintaining said force (F) substantially constant.

Improved permanent magnet bearing (1) according
to the preceding claim, characterized in that said
first plurality of permanent magnets (21) and/or said
second plurality of permanent magnets (31) com-
prises a plurality of alternated polarity concentric
rings of permanent magnets (R) arranged symmet-
rically and radially with respect to said axis (Z).

Improved permanent magnet bearing (1) according
to any one of the preceding claims, characterized
in that said cavity (4) comprises an interior chamber
of one actuator among: a pneumatic actuator, an hy-
draulic actuator; said at least one movable side (41)
comprising a piston of said actuator.

Improved permanent magnet bearing (1) according
to any one of the preceding claims, characterized
in that said cavity (4) comprises at least one cylin-
drical shaped volume deformable cavity (40) bor-
dered by:

- an upper side comprised in said at least one
movable side (41);

- a fixed lower side (42) facing said upper side;
- a lateral side (43) connecting said upper and
fixed lower sides, extensible along said axis (Z),
comprising a soft spring (44) whose stiffness is
lower than an axial magnetic stiffness of said
permanent magnet bearing (1).

Improved permanent magnet bearing (1) according
to the preceding claim, characterized in that said
soft spring stiffness is at least ten times lower than
said axial magnetic stiffness.

Improved permanent magnet bearing (1) according
to any one of the two preceding claims, character-
ized in that said at least one cylindrical shaped vol-
ume deformable cavity (40) consists in an interior
chamber of apressurized metal bellow (6) containing
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14
said fluid (5), the latter consisting in an air.

Improved permanent magnet bearing (1) according
to any one of the claim 1 to 3, characterized in that
said cavity (4) comprises at least one interior cham-
ber (40’) of a flexible bellow (6) containing said fluid

(5).

Improved permanent magnet bearing (1) according
to the preceding claim, characterized in that said
fluid is an air, and said flexible bellow (6) is one
among: a pneumatic bellow, a diaphragm bellow, a
metal bellow.

Improved permanent magnet bearing (1) according
to any one of the preceding claims, characterized
in that said cavity (4) comprises a plurality of interior
chambers (40°) of flexible bellows (6) arranged along
aring, around said axis (Z); said atleast one movable
side (41) comprising a plurality of movable sides
(41), each of said interior chambers (40’) being bor-
dered by one of said movable sides (41).

Improved permanent magnet bearing (1) according
to any one of the preceding claims, characterized
in that said fluid (5) consists in an air and said pres-
sure means (7) comprises an airtank (71) connected
to said cavity (4).

Improved permanent magnet bearing (1) according
to any one of the claim 1 to 4, characterized in that
said fluid (5) consists in a water and said pressure
means (7) comprises an expansion tank connected
to said cavity (4).

Improved permanent magnet bearing (1) according
to any one of the preceding claims, characterized
in that said pressure means (7) comprises a fluidic
connection to a pneumatic circuit and/or an hydraulic
circuit.

Improved permanent magnet bearing (1) according
to any one of the preceding claims, further compris-
ing at least one pressure sensor for monitoring said
force (F).

. Hybrid system comprising:

- an improved permanent magnet bearing (1)
according to any one of the preceding claims;
- a shaft (9) arranged to rotate around said axis
(Z);

-amechanical bearing (8) mechanically coupled
with said improved permanent magnet bearing
(1) and said shaft (9);

said mechanical bearing (8) being configured for
guiding said shaft (9) along said axis (Z); said im-
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proved permanent magnet bearing (1) being config-
ured for relieving said mechanical bearing (8) from
an axial load.

High axial load mechanical rotary system (10) com-
prising an hybrid system according to the preceding
claim.
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