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Description
TECHNICAL FIELD OF THE INVENTION

[0001] The presentinventionrelatesto afluidfilmbear-
ing operating as an anti-vibration damper in a magnetic
field that is concentrically oriented relative to a rotor and
a stator in contact-free, relative rotation about a common
longitudinal axis. The fluid film bearing of the invention
may advantageously be integrated in electrodynamic
and passive magnetic bearings in order to improve an-
ti-vibration properties and to absorb loads appearing as
transient disturbances, in general, and to improve the
start up operation of electrodynamic magnetic bearings,
specifically. The present invention also relates to a meth-
od by which a rotor is rotationally journalled relative to a
stator in a magnetic field, concentrically about a longitu-
dinal axis.

TECHNICAL BACKGROUND AND PRIOR ART

[0002] In 1996, Lembke disclosed and claimed a ho-
mo-polar eddy-current magnetic bearing, a bearing
structure which iscommonly referred to the group of elec-
trodynamic bearings (WO 98/32981). Magnetic bearings
of this type, see preamble of each of the independent
claims 1,4 and 17, provide advantages above othermag-
netic bearings in that the electrodynamic bearings are
auto-stabilized without the need for external control elec-
tronics. More specifically, these bearings inherently pro-
vide a control current through their operation as a current
generator. A comparatively high rotational speed is how-
ever required for producing the necessary generator ef-
fect, which reduces the operational output of said bear-
ings. At lower speeds, some kind of additional start-up
bearing has so far been required.

[0003] Typically, a safety bearing is arranged in most
magnetic bearing applications to serve in a failure situa-
tion, and the safety bearing may preferably be used also
as the start-up bearing at low rotational speeds. A safety
bearing commonly used in magnetic bearing applications
is a conventional ball-bearing, supported on a rotor shaft
of extended axial length in order to accommodate also
the ball-bearing. However, rotor-dynamic problems arise
in respect of the axial length of the rotor shaft.

[0004] Conventionally, a safety-bearing may be pro-
vided in the form of a ball-bearing having an inner diam-
eter that is slightly over-sized relative to the outer diam-
eter of the shaft, so that in normal operation, the shaft
that is journalled on the bearing does not engage the
inner diameter thereof. Such arrangement may give rise
to several problems: in a situation where the shaft or rotor
bears against the bearing surface, the rotor operation
changes and it's behavior may substantially increase the
loads onthe structure; another drawback of this construc-
tion is the building space that is required and which leads
to an avoidable, additional axial length of the rotor.
[0005] The latter problem would be avoided if a safety
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bearing was integrated in the magnetic bearing, and thus
avoiding the need for extra length of the rotor. Integration
of a ball-bearing in the magnetic bearing is however not
possible, when the air-gap available between the rotor
and the stator merely represents some tenths of millim-
eters.

[0006] The operational effect of an aerodynamic bear-
ing made from a thin, cornered sheet metal foil, known
as an airfoil bearing, is disclosed in US 5,427,455 (Bos-

ley).
OBJECT OF INVENTION

[0007] Itis an object of the presentinvention to provide
a fluid film bearing for a rotor in contact-free rotation rel-
ative to a stator in a magnetic field, effective to counteract
oscillating rotation of the rotor.

[0008] It is another object of the present invention to
provide means and methods for avoiding the drawbacks
referred to above by integrating the duplex functions of
a fluid film bearing and a slide bearing in a magnetic
bearing assembly.

[0009] Yet another object is to provide a bearing as-
sembly designed for improving the start up operation of
electrodynamic magnetic bearings.

[0010] A further object for the present invention is to
provide a fluid film bearing that is readily integrated in
electrodynamic and passive magnetic bearings in order
to improve anti-vibration properties and to absorb loads
appearing as transient disturbances.

[0011] These and other objects are met in a fluid film
bearing and a bearing assembly as defined in the ap-
pended set of claims, wherein advantageous embodi-
ments of the invention are further specified in the sub-
claims thereof.

SUMMARY OF THE INVENTION

[0012] Briefly, the present invention suggests a fluid
film bearing to be realized as a sheet metal foil made
from a non-magnetic and electrically conductive, flexible
material. The sheet metalfoil is arranged to extend axially
and concentrically in an annular gap that is formed be-
tween a rotor and stator in contact-free, relative rotation
about a common axis. A magnetic field is concentrically
oriented relative to the same axis. Should the rotor com-
mence to oscillate such that the sheet metal foil is dis-
placed fromit’s concentric orientation relative to the mag-
netic field, eddy currents will be induced in the foil which
will then be effective to counteract the oscillating rotation
of the rotor. The vibration reducing property also relies
on a squeeze film effect generated by air or other fluid
present that is captured between the sheet metal foil and
the revolving periphery in relative rotation with the foil,
thus eliminating the need for additional safety bearings
which are commonly arranged in magnetic bearing as-
semblies.

[0013] In one implementation of the inventive fluid film
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bearing, the sheet metal foil is designed for providing
slide-bearing action at low rotational speeds, air-bearing
action at higher rotational speeds and vibration reducing
action at any rotational speed.

[0014] The invention will be further disclosed in detail
below, reference beingmade to the accompanying sche-
matic drawings wherein:

Fig. 1 is a sectional view showing a rotor and a stator
concentrically arranged about a common longitudi-
nal axis, a fluid film bearing of the invention being
interposed in an annular gap that is formed between
the rotor and the stator

Fig. 2 is a cut open perspective view showing a bear-
ing assembly wherein the fluid film bearing is ar-
ranged in a magnetic field that is concentrically ori-
ented about the longitudinal axis;

Fig. 3 is a sectional view corresponding to fig. 1,
showing the rotor in contact-free rotation relative to
the stator and the fluid film bearing of the invention;

Fig 4 is a perspective view showing an example of
a sheet metal foil for integration in a magnetic bear-

ing;

Fig. 5 is a perspective view showing another embod-
iment of the sheet metal foil;

Fig. 6 is a sectional view showing the sheet metal
foil of fig. 5, integrated in an outer-rotor magnetic
bearing assembly;

Fig. 7 is a cut open perspective view illustrating the
invention implemented in a pump, and

Fig. 8 is a cut open perspective view illustrating yet
another implementation of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0015] Referring to figs. 1-3, an inner rotor 1 is sche-
matically shown to be journalled for contact-free, relative
rotation in a stator 2. The rotor 1 and the stator 2 are
concentrically arranged about acommon longitudinal ax-
is A. At least one magnet is arranged for generating a
symmetric magnetic field concentrically about the longi-
tudinal axis A (see fig. 2). A sheet metal foil 3 made of
electrically conductive and non-magnetic material is in-
terposed in an air-gap 4, axially and concentrically ex-
tended between the rotor and the stator. The sheet metal
foil 3 of fig. 1 is of polygonal section, having planar sides
5 defined between axially running corners 6. The sides
5 extend over the air-gap 4 in axial direction. The sheet
metal foil 3 is arranged in relative rotation to the rotor,
and may alternatively be supported on the stator for a
sliding contactwiththe rotorin low speed rotationalmode.
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Optionally, the sheet metal foil may be supported on the
stator in close and contact-free relation to the rotorin low
speed rotational mode and in non-rotational mode, when
the rotor axis coincides with the longitudinal axis A. In
one aspect of the invention as will be further described
below, the sheet metal foil is alternatively supported on
a rotor for relative rotation about a stator.

[0016] Innon-rotational mode and low speed rotational
mode as illustrated in fig. 1, an axially central portion 7
of each side may alternatively rest or slide against the
outer periphery of the rotor 1, while the corners 6 engage
the inner periphery of the stator 2. On each peripheral
side of the contacting, central portion 7, wedge-shaped
channels 8 are formed between the sheet metal foil 3
and the rotor 1, inside and near each corner of the sheet
metal foil 3. When the rotor 1 rotates, air or other fluid
presentis forced by the rotor into the wedge-shaped con-
tact area between the rotor and the metal foil. The fluid
is thus compressed enough to urge the flexible sheet
metal foil 3 radially away from the rotor periphery as il-
lustrated in fig. 3, by forming a fluid-film between the two
elements in relative rotation at sufficient rotational speed.
[0017] Shouldtherotor1leave it's ideal axis of rotation
and commence to oscillate, the rotor will urge the sheet
metal foil 3 to be displaced relative to the magnetic field
that is generated by one or several annular magnets 9
supported on the stator 2. Eddy currents induced in the
non-magnetic, conductive sheet metal foil 3 (in accord-
ance with Lenz’ law) counteracts and reduces the oscil-
lation, urging the sheet metal foil and the rotor towards
the central axis of the bearing assembly. The field that
is generated by the magnet/magnets is range-depend-
ing, an effect that enhances the vibration reducing ca-
pacity of the eddy currentformation. A strongly range-de-
pending magnetic field may be established by arranging
the magnets in pairs with oppositely directed magnet
fields, axially or radially, within each pair of magnets.
[0018] In the annular gap 4 between the rotor 1 and
the sheet metal foil 3, a squeeze film effect is achieved
inaddition tothe anti-vibration effect provided by the eddy
current formation. The vibration reducing capacity for a
given oscillation frequency and the subject fluid compo-
sition is defined by the radial width of the annular gap
and the thickness of the sheet metal foil 3. The bearing
assembly of the invention may operate in air, thin air be-
low atmosphere pressure, in vacuum generating equip-
ment, burners and combustion chambers and other gas-
eous and liquid fluid environments.

[0019] In order to enhance the sliding properties and
reduce frictional wear and retardation until the rotor is
supported by the fluid or air film, the sheet metal foil 3
may be covered on one or both sides thereof with a layer
of friction reducing material, such as tin (Sn) or tin based
alloy, or Teflon® e.g.

[0020] Next, the operational characteristics of a mag-
netic bearing assembly where the fluid film bearing ac-
cording to the invention is implemented, will be de-
scribed:
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[0021] As conventionally is the case in aerodynamic
and hydrodynamicbearings, awedging effectis achieved
when a medium is compressed into the wedge-shaped
gapthat is formed between a rotor and a stator if the rotor
axis occasionally deviates from the ideal axis of rotation.
Through this effect, a lift capacity is produced in the bear-
ing. In the conventional magnetic bearing, the rotor and
the stator are both circular in section and concentrically
arranged. The wedging effect is thus achieved only when
the rotor is displaced and non-centrally positioned rela-
tive to the stator, such that a wedge-shaped channel is
formed axially between the rotor and the stator.

[0022] Conventionally, the stator is rigid and formed
from a single piece of metal, e.g. a copper alloy or steel
that is lined with a layer of bronze.

[0023] According to one aspect of the present inven-
tion, a sheet metal or metal foil is dimensioned in respect
of it’s thickness for high flexibility in a radial direction, and
integrated in a magnetic bearing by being inserted con-
centrically in an annular gap that is formed between rotor
and stator of the magnetic bearing assembly. In one em-
bodiment, the foil is braced to the stator of the magnetic
bearing and is inherently biased to engage the periphery
of the rotor/shaft in non-rotational mode and at low rota-
tional speed (fig. 1). Anon-magnetic, electrically conduc-
tive material is chosen for the sheet metal foil, and the
foil is cornered or otherwise shaped for a sliding contact
with the rotor periphery at low rotational speeds. The foil
is flexible enough to rise radially from contact with the
revolving periphery of the rotor due to a pressure from a
fluid film or air film that is generated about the revolving
periphery of the rotor at higher rotational speeds. In an-
other embodiment, the sheet metal foil is supported or
braced to the inner periphery of a tube-shaped rotor in
relative rotation about a stator (fig. 6).

[0024] The foil may be angularly cornered or
wave-shaped in a sectional view, in order to support the
wedging operation in rotational mode. The foil may also
be formed with die-cut tongues that are bent and curved
and radially protruding for biasing contact with the rotor
(or optionally the stator) in non-rotational mode. In all
embodiments the foil is formed with a sectional profile
that is effective for generating a cushion of air due to a
wedge action, that urges the foil to rise from the surface
of the rotor/stator against the biasing force in rotational
mode. The foil is designed to allow a rise or lift of the foil
at a comparatively low rotational speed, by being highly
flexible and readily deflective in radial direction. Upon
said lift of the foil, the bearing is free of contact and wear
such that the rotor may be accelerated to a rotational
speed where the magnet/magnets of the bearing are ef-
fective for controlling the radial position of the rotor.
[0025] Inordertofurtherimprove the start up operation
of a magnetic bearing, the foil may be covered with a
friction reducing material, as described above.

[0026] In contrast to the conventional air-bearing, the
fluid film bearing of the present invention is however not
active for absorbing any loads or forces during normal
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operational conditions. That is rather handled by the
magnet bearing portion of the bearing assembly. The in-
ventive fluid film bearing is thus activated only on the
occasion of shocks and otherwise caused transient loads
of amagnitude that is not handled by the magnet bearing.
Even the start up sequence does not apply any substan-
tial loads to the fluid film bearing, since all static loads
are compensated for by magnet forces as is described
in Lembke’s patent, referred to above. One main function
of the subject fluid film bearing is rather to provide a vi-
bration-reducing capacity in a magnetic bearing.

[0027] According to Weissert (US 5,915,841), and
Bosley as well (US 5,427,455), a desired damping effect
may be suppliedto aflexible foil by insertion of an optional
damping material between the foil and a stator of a bear-
ing assembly. Suitable damping materials, however,
such as rubber or viscous-elastic materials suffer from
being effected by temperature and suffer also from a lim-
ited operational lifetime.

[0028] The present invention suggests a desired
damping effect to be achieved by applying the foil to be
supported concentrically in a magnetic field, where the
field differentials are the strongest. In other words, if the
foil is caused to vibrate it will sway between areas of
strong magnetic force and areas of substantially less
magnetic force. According to Lenz’ law, electric currents
will be induced in the conductive metal foil and generate
an oppositely directed magnetic field and counteracting
forces that will suppress and dampen the swaying mo-
tion. A major advantage of an eddy-current operated
damper as compared to the application of a damping
material, is that said eddy-current damper will not be im-
paired by high temperatures, and it will serve for practi-
cally unlimited operational lifetime.

[0029] Another advantage of the present bearing as-
sembly is that the film of air (or other fluid present) that
is produced between the sheet metal foil and the rotor in
rotational mode is thin enough to provide a substantial
squeeze-effect, which also adds to the vibration reducing
capacity of the bearing assembly. The squeeze-effect
here mentioned is well known per se. When air is used
as the fluid, no lubrication is needed as is the case in
conventional, oil-operated squeeze film dampers.
[0030] The inventive bearing may be formed with pro-
jections 10 for mounting, see fig. 4. Alternatively, the
bearing surfaces of the sheet metal foil 3’ are die-cut and
curved to the shape of tongues 11 as in fig. 5, and
ring-shaped end rims 12 of the sheet metal foil may be
attached or braced to the magnet bearing by heat-shrink-
ing. Both methods may also be used in combination, and
are shown here merely as non-limiting examples of the
attachment of a fluid film bearing according to the inven-
tion.

[0031] The presentinvention is also well suited for ap-
plication in a magnetic bearing having a tube-shaped ro-
tor that rotates concentrically about a nonrotating stator.
Similar structures are used in motor technology, and are
often referred to as outer-rotor machines.
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[0032] The sheet metal foil may advantageously be
applied in an outer-rotor machine, see fig. 6: a sheet met-
alfoil 3’ as previously disclosed is supported on the inner
periphery of a rotor 1 in order to rotate with the rotor. In
rotational mode, the sheet metalis exposed to centrifugal
loads that urges the bearing surfaces of the tongues 11
away from the stator 2. At sufficient rotational speed, the
sheet metal foil lifts from the stator periphery and friction
losses are reduced to a negligible level. This way the
bearing assembly is provided an inherent, structurally
plain centrifugal coupling.

[0033] A fluid film bearing that is formed with a centrif-
ugal coupling as disclosed above may also be applied in
vacuum pumps. In low rotational speed, the air that is
always present is sufficient for providing a film of air or
other fluid between the bearing surfaces. At higher rota-
tional speeds the fluid is pressed away. At such speeds,
however, the bearing surfaces are separated and there
is no risk of mechanical load or wear on the bearing sur-
faces. Thus, the bearing assembly of the invention may
also operate in processes that starts in vacuum or
sub-pressure, such as gyros and flywheels. The sheet
metal foil is effective only in the start up sequence, op-
erating as slide bearing and relying on the gas molecules
that are always present.

[0034] The capacity of the fluid film bearing may be
enhanced by forming the rotor 1 with helical, shallow
grooves 13 as illustrated in fig. 7. The grooves 13 may
be formed by etching, machining, moulding or other suit-
able process. The rotor 1 will then operate as an air pump
(cfr. the teachings by Holweck).

[0035] Ifthe rotor is formed with a pattern of oppositely
directed, helical grooves 14, 15that meetin a longitudinal
center of the revolving surface of the rotor 1 as illustrated
in fig. 8, a center of pressure is established at the central
area. This effect may be used in all embodiments to in-
crease the pressure of air, e.g., between the rotor and
the sheet metal foil. Naturally, the helical grooves may
optionally be formed on the stator in an outer-rotor im-
plementation. In an application where the rotor is used
as a pump, the principle discussed above may be used
in order to achieve a journal effect and a pump action in
combination.

[0036] Integrating an airfoil bearing orfluid film bearing
in a magnetic bearing as suggested, provides the advan-
tage of a compact design and avoids the need for addi-
tional safety bearings. The slide bearing action provided
by the flexible foil at low speeds improves the start-up
operation of the magnetic bearing, and by choosing a
non-magnetic and electrically conductive material for the
foil, the fluid film bearing is auto-stabilized in the rotation-
ally symmetric magnetic field that is established by the
bearing magnets.

Claims

1. A fluid film bearing, comprising a sheet metal foil

10

20

25

30

35

40

45

50

55

arranged to be interposed and to extend axially and
concentrically in an annular gap that is formed be-
tween a rotor and a stator in contact-free relative
rotation concentrically about a common longitudinal
axis, characterised by

- said sheet metal foil being made from a
non-magnetic and electrically conductive, flexi-
ble material, and

- at least one magnet being arranged for gener-
ating a magnetic field concentric about said lon-
gitudinal axis, the sheet metal foil being support-
ed in the magnetic field and effective to coun-
teract oscillating rotation of said rotor when eddy
currents are induced in the sheet metal foil.

The fluid film bearing of claim 1, wherein the sheet
metal foil is integrated in the annular gap between
the rotor and the stator in contact-free relative rota-
tion in a magnetic bearing.

The fluid film bearing of claim 1, wherein the sheet
metal foil is integrated in the annular gap between
the rotor and the stator in contact-free relative rota-
tion in an electrodynamic magnetic bearing.

A magnetic bearing assembly, comprising a rotor
thatis rotationally journalled relative to a stator about
a common longitudinal axis, at least one magnet be-
ing supported for generating a magnetic field con-
centric about said longitudinal axis, the rotorand sta-
torbeing concentrically arranged with an annulargap
there-between, characterised by

- a sheet metal foil of non-magnetic and electri-
cally conductive material being interposedin the
annular gap to extend axially and concentrically
between the rotor and the stator;

- said sheet metal foil being shaped with a sec-
tional profile for generating a fluid film in relative
rotation to the revolving periphery of one of the
rotor and the stator, respectively.

The magnetic bearing assembly of claim 4, wherein
the rotor is a shaft that is journalled for rotation in the
stator, and the sheet metal foil is supported on the
stator.

The magnetic bearing assembly of claim 4, wherein
the rotor is a tube-shaped shaft that is journalled for
rotation about the stator, and the sheet metal foil is
supported on the rotor.

The magnetic bearing assembly of claim 4, wherein
the fluid is gaseous.

The magnetic bearing assembly of claim 7, wherein
the fluid is air.
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The magnetic bearing assembly of claim 4, wherein
the fluid is a liquid.

The magnetic bearing assembly of claim 4, wherein
the sectional profile of the sheet metal foil is polyg-
onal.

The magnetic bearing assembly of claim 4, wherein
the sectional profile of the sheet metal foil is
wave-shaped.

The magnetic bearing assembly of claim 4, wherein
the sectional profile of the sheet metal foil comprises
die-cut tongues that are curved to protrude radially
towards the revolving periphery of one of the rotor
and the stator, respectively, in relative rotation to the
sheet metal foil.

The magnetic bearing assembly of claim 12, wherein
the tongues being axially defined between end-rings
by which the tongues are interconnected, said
end-rings attaching the sheet metal foil to the rotor
or the stator, respectively.

A magnetic bearing assembly of claim 4,

- the sheet metal foil is radially biased to exert
a sliding bearing contact with the periphery of
the rotor or the stator in relative rotation to the
sheet metal foil at low rotational speed, and

- the sheet metal foil having a flexibility to adjust
to the yielding pressure from a fluid film that is
generated by the revolving periphery of said ro-
tor or said stator at higher relative rotational
speeds.

A magnetic bearing assembly of claim 4, wherein

- the revolving periphery in relative rotation to
the sheet metal foil is formed with helical
grooves for providing the fluid film an axial com-
ponent of direction.

The magnetic bearing assembly of claim 15, wherein
the revolving periphery in relative rotation to the
sheet metal foil is formed with oppositely directed,
helical grooves that meet in an axial center of said
periphery, providing a center of pressure acting on
the sheet metal foil.

A method by which a rotor is rotationally journalled
relative to a stator about a common longitudinal axis,
at least one magnet being supported for generating
a magnetic field concentric about said longitudinal
axis, the rotor and stator being concentrically ar-
ranged with an annular gap therebetween, the meth-
od being characterised by the steps of:
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18.

19.

10

- providing a flexible, sheet metal foil of
non-magnetic and electrically conductive mate-
rial;

- shaping the foil for insertion in the annular gap,
and

- arranging the sheet metal foil to extend axially
and concentrically in relative rotation to one of
said rotor and said stator, respectively, such that
a fluid film is generated between the sheet metal
foil and the revolving periphery of the rotor or
the stator in rotational mode.

The method of claim 17, wherein the sheet metal foil
is shaped for insertion in the annular gap under bi-
asing, sliding contacts in relative rotation with one of
the rotor and the stator in low rotational speed, and
dimensioned to be yielding radially from a pressure
exerted by a fluid film that is generated by the re-
volving outer periphery of one of the rotor and the
stator, respectively, at higher relative rotational
speeds.

The method of claim 18, wherein the sheet metal foil
is coated with a friction reducing material on the con-
tact side.

Patentanspriiche

1.

Fluidfilmlager, das eine Blechfolie aufweist, die sich
in einem ringférmigen Spalt befindet und axial und
konzentrisch verlauft, der zwischen einem Rotorund
einem Stator in kontaktfreier relativer Rotation kon-
zentrisch um eine Langsachse ausgebildet ist, da-
durch gekennzeichnet, dass

- die Blechfolie aus einem nichtmagnetischen
und elektrisch leitfahigen flexiblen Material be-
steht, und

- mindestens ein Magnet zur Ausbildung eines
Magnetfelds konzentrisch um die L&ngsachse
vorgesehen ist, wobei die Blechfolie im Magnet-
feld gelagert ist und wirksam ist, einer oszillie-
renden Rotation des Rotors entgegenzuwirken,
wenn in der Blechfolie Wirbelstrdme induziert
werden.

Fluidfilmlager nach Anspruch 1, worin die Blechfolie
im ringférmigen Spalt zwischen dem Rotor und dem
Statorin kontaktfreier relativer Rotation in einem Ma-
gnetlager integriert ist.

Fluidfilmlager nach Anspruch 1, worin die Blechfolie
im ringférmigen Spalt zwischen dem Rotor und dem
Stator in kontakffreier relativer Rotation in einem
elektrodynamischen Magnetlager integriert ist.

Magnetlageranordnung, die aufweist: einen Rotor,
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der relativ zu einem Stator um eine gemeinsame
Langsachse drehbar gelagert ist, mindestens einen
Magnet, der zur Ausbildung eines Magnetfeldes
konzentrisch um die L&ngsachse gelagert ist, wobei
der Rotor und Stator konzentrisch mit einem dazwi-
schen befindlichen ringférmigen Spalt angeordnet
sind, dadurch gekennzeichnet, dass

- eine Blechfolie aus nichtmagnetischem und
elektrisch leitfahigem Material sich im ringférmi-
gen Spalt befindet, um axial und konzentrisch
zwischen dem Rotor und dem Stator zu verlau-
fen;

- die Blechfolie mit einem Querschnittsprofil aus-
gebildet ist, um einen Fluidfilm in relativer Rota-
tion zur drehenden Peripherie von entweder
dem Rotor oder dem Stator auszubilden.

Magnetlageranordnung nach Anspruch 4, wotin der
Rotor eine Welle ist, die zur Rotation im Stator ge-
lagert ist, und die Blechfolie auf dem Stator gelagert
ist.

Magnetlageranordnung nach Anspruch 4, wotin der
Rotor eine rohrférmige Welle ist, die zur Rotation um
den Stator gelagert ist, und die Blechfolie auf dem
Rotor gelagert ist.

Magnetlageranordnung nach Anspruch 4, worin das
Fluid gasférmig ist.

Magnetlageranordnung nach Anspruch 7, worin das
Fluid Luft ist.

Magnetlageranordnung nach Anspruch 4, worin das
Fluid eine Flussigkeit ist.

Magnetlageranordnung nach Anspruch 4, worin das
Querschnittsprofil der Blechfolie polygonal ist.

Magnetlageranordnung nach Anspruch 4, worin das
Querschnittsprofil der Blechfolie wellenférmig ist.

Magnetlageranordnung nach Anspruch 4, worin das
Querschnittsprofil der Blechfolie ausgestanzte Zun-
gen aufweist, die gekrimmt sind, um radial gegen
die sich drehende Peripherie von entweder des Ro-
tors oder des Stators in relativer Rotation zur Blech-
folie vorzustehen.

Magnetlageranordnung nach Anspruch 12, worin die
Zungen zwischen Endringen, durch die die Zungen
mit einander verbunden sind, axial definiert sind, und
die Endringe die Blechfolie an den Rotor bzw. den
Stator anbringen.

Magnetlageranordnung nach Anspruch 4, worin
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15.

16.

17.

18.

12

- die Blechfolie radial so vorgespannt ist, um ei-
nen Gleitlagerkontakt mit der Peripherie des Ro-
tors oder des Stators in relativer Rotation zur
Blechfolie bei niedriger Rotationsgeschwindig-
keit auszuliben, und

- die Blechfolie eine Flexibilitat aufweist, um dem
resultierenden Druck von einem Fluidfilm, der
durch die sich drehende Peripherie des Rotors
oder des Stators bei hdheren relativen Rotati-
onsgeschwindigkeiten ausgebildet wird, nach-
zugeben.

Magnetlageranordnung nach Anspruch 4, worin

- die sich drehende Peripherie in relativer Rota-
tion zur Blechfolie mit helikalen Rinnen ausge-
bildet ist, um dem Fluidfilm eine axiale Rich-
tungskomponente zu verleihen.

Magnetlageranordnung nach Anspruch 15, worin die
sich drehende Peripherie in relativer Rotation zur
Blechfolie mit entgegengesetzt gerichteten helikalen
Rinnen versehen ist, die sich in einer axialen Mitte
der Peripherie treffen, wobei sie eine auf die Blech-
folie wirkende Druckmitte ergeben.

Methode, durch die ein Rotor relativ zu einem Stator
um eine gemeinsame Langsachse drehbar gelagert
wird, mindestens ein Magnet zur Ausbildung eines
Magnetfeldes konzentrisch um die Langsachse ge-
lagert ist, der Rotor und Stator konzentrisch mit ei-
nem dazwischen liegenden ringférmigen Spalt an-
geordnet sind, wobei die Methode durch die Stufen
charakterisiert ist:

- Vorsehen einer flexiblen Blechfolie aus nicht-
magnetischem und elektrisch leitendem Mate-
rial;

- Formen der Folie zur Einfilhrung in den fing-
férmigen Spalt, und

- Anordnen der Blechfolie auf eine solche Weise,
dass sie axial und konzentrisch in relativer Ro-
tation zu entweder dem Rotor oder dem Stator
so verlauft, dass zwischen der Blechfolie und
der sich drehenden Peripherie des Rotors oder
des Stators im rotierenden Zustand ein Fluidfilm
ausgebildet wird.

Methode nach Anspruch 17, worin die Blechfolie zur
Einflhrung in den ringférmigen Spalt unter vorge-
spannten Gleitkontaktenin relativer Rotation mit ent-
weder dem Rotor oder dem Stator bei niedriger Ro-
tationsgeschwindigkeit ausgebildet wird, und die so
dimensioniert wird, um bei héheren relativen Rota-
tionsgeschwindigkeiten einem durch einen Fluidfilm,
der durch Drehen der &uBeren Peripherie von ent-
weder dem Rotor oder dem Stator ausgelbt wird,
radial nachzugeben.
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19. Methode nach Anspruch 18, worin die Blechfolie an

der Kontaktseite mit einem die Reibung verringern-
den Material beschichtet ist.

Revendications

1.

5.

Palier a film fluide comprenant une feuille métallique
congue pour étre interposé et pour s’étendre de ma-
niére axiale et concentrique dans un espace annu-
laire aménagé entre un rotor et un stator en rotation
relative sans contact concentrique autour d’'un axe
longitudinal commun, caractérisé par :

- ladite feuille métallique étant constituée d’un
matériau souple, non magnétique et conducteur
électrique, et

- au moins un aimant étant prévu pour générer
un champ magnétique concentrique autour du-
dit axe longitudinal, la feuille métallique étant
soutenue par le champ magnétique et servant
acontrer la rotation oscillante dudit rotor lorsque
des courants de Foucault sont induits dans la
feuille métallique.

Palier a film fluide selon la revendication 1, dans le-
quel la feuille métallique est intégrée dans I'espace
annulaire entre le rotor et le stator en rotation relative
sans contact dans un palier magnétique.

Palier a film fluide selon la revendication 1, dans le-
quel la feuille métallique est intégrée dans I'espace
annulaire entre le rotor et le stator en rotation relative
sans contact dans un palier magnétique électrody-
namique.

Ensemble de palier magnétique comprenant un rotor
tourillonné de maniére rotative par rapporta un stator
autour d’un axe longitudinal commun, au moins un
aimant pour générer un champ magnétique concen-
trique autour dudit axe longitudinal, le rotor et le sta-
tor étant disposés de maniére concentrique avec un
espace annulaire entre les deux, caractérisé par :

- une feuille métallique constituée d’un matériau
non magnétique et conducteur électrique inter-
posée dans lespace annulaire de fagon a
s’étendre de maniére axiale et concentrique en-
tre le rotor et le stator ;

- ladite feuille métallique présentant un profil
transversale lui permettant de générer un film
fluide en rotation relative par rapport a la péri-
phérie en rotation du rotor ou du stator, respec-
tivement.

Ensemble de paliers magnétiques selon la revendi-
cation 4, dans lequel le rotor est un arbre tourillonné
de fagon & pouvoir tourner dans le stator et la feuille
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10.

11.

12.

13.

14,

15.

métallique est supportée par le stator.

Ensemble de palier magnétique selon la revendica-
tion 4, dans lequel le rotor est un arbre de forme
tubulaire tourillonné de fagon & pouvoir tourner
autour du stator et la feuille métallique est supportée
par le rotor.

Ensemble de palier magnétique selon la revendica-
tion 4, dans lequel le fluide est un gaz.

Ensemble de palier magnétique selon la revendica-
tion 7, dans lequel le fluide est de l'air.

Ensemble de palier magnétique selon la revendica-
tion 4, dans lequel le fluide est un liquide.

Ensemble de paliers magnétiques selon la revendi-
cation 4, dans lequel le profil transversal de la feuille
métallique est polygonal.

Ensemble de paliers magnétiques selon la revendi-
cation 4, dans lequel le profil transversal de la feuille
métallique est ondulé.

Ensemble de paliers magnétiques selon la revendi-
cation 4, dans lequel le profil transversal de la feuille
métallique comprend des languettes découpées qui
sont incurvées pour dépasser radialement vers la
périphérie en rotation du rotor ou du stator, respec-
tivement, en rotation relative par rapport a la feuille
métallique.

Ensemble de paliers magnétiques selon la revendi-
cation 12, dans lequel les languettes sont définies
axialement entre des bagues d’extrémités quiles re-
lient, lesdites bagues d’extrémité fixant la feuille mé-
tallique au rotor ou au stator, respectivement.

Ensemble de paliers magnétiques selon la revendi-
cation 4, dans lequel :

- la feuille métallique est biaisée radialement de
fagon a exercer un contact de palier glissant
avec lapériphérie du rotor et du statoren rotation
relative par rapport a la feuille métallique avec
une faible vitesse de rotation, et

- la feuille métallique étant suffisamment souple
pour s’adapter a la pression exercée par un film
fluide généré par la périphérie en rotation dudit
rotor ou dudit stator avec des vitesses de rota-
tion relative supérieures.

Ensemble de paliers magnétiques selon la revendi-
cation 4, dans lequella périphérie en rotation relative
par rapport a la feuille métallique présente des rai-
nures hélicoidales pour conférer au film fluide une
composante axiale de direction.



16.

17.

18.

19.
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Ensemble de paliers magnétiques selon la revendi-
cation 15, dans lequel la périphérie en rotation rela-
tive par rapport a la feuille métallique présente des
rainures hélicoidales orientées de maniére opposée
qui sont en intersection au niveau d’un centre axial
de ladite périphérie, ce quifournit un centre de pres-
sion qui agit sur |a feuille métallique.

Procédé grace auquel un rotor est tourillonné de ma-
niére rotative par rapport a un stator autour d’'un axe
longitudinal commun, au moins un aimant étant pré-
vu pour générer un champ magnétique concentrique
autour dudit axe longitudinal, le rotor et le stator étant
disposés de maniére concentrique avec un espace
annulaire entre les deux, ce procédé étant caracté-
risé par les étapes suivantes :

- réalisation d’une feuille métallique souple
constituée d’un matériau non magnétique et
conducteur électrique ;

- fagonnage de la feuille pour permettre son in-
sertion dans I'espace annulaire ; et

- disposition de la feuille métallique de fagon a
ce qu’elle s’étende de maniére axiale et concen-
trique en rotation relative par rapport au rotor ou
au stator respectivement, et de fagon ace qu’'un
film fluide soit généré entre la feuille métallique
et la périphérie en rotation du rotor ou du stator
en mode rotatif.

Procédé selon la revendication 17, dans lequel la
feuille métallique est fagonnée pour permettre son
insertion dans 'espace annulaire avec des contacts
biaisés et coulissants en rotation relative par rapport
au rotor ou au stator a vitesse de rotation faible et
dimensionnée pour céder radialement a une pres-
sion exercée par un film fluide généré par la péri-
phérie rotative externe du rotor ou du stator, respec-
tivement a des vitesses de rotation relative supérieu-
res.

Procédé selon la revendication 18, dans lequel la
feuille métallique est revétue d’'un matériau qui réduit
les frottements du c6té du contact.
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