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Description
BACKGROUND OF THE INVENTION
Field of the Invention:

[0001] The present invention relates to a magnetic
bearing device for levitating and supporting an object
under electromagnetic forces generated by an electro-
magnet.

Description of the Related Art:

[0002] Magneticbearing devices accordingtothe pre-
amble of claim 1 are generally known in the prior art, ref.
is made to Fig.1 and 2.

[0003] Displacement sensors for detecting the dis-
placement of an object levitated by a magnetic bearing
device include an eddy-current sensor, an inductive
sensor, an electrostatic capacitive sensor, and an opto-
electronic sensor such as a laser sensor. Of these dis-
placement sensors, the eddy-current sensor and the in-
ductive sensor are mainly used in turbomolecular
pumps.

[0004] For use in corrosive environments, magnetic
bearings and displacement sensors need to be covered
with a protective material. Magnetic bearing devices
which employ eddy-current sensors, inductive sensors,
and electrostatic capacitive sensors can be covered
with a protective material which may be synthetic resin
such as Teflon or ceramics. Optoelectronic sensors
such as laser sensors are required to be covered with
glass which allows a laser beam to pass therethrough.
Eddy-current sensors, electrostatic capacitive sensors,
and optoelectronic sensors cannot be used in situations
where displacement sensors need to be covered with a
metal material. Inductive sensors can be used if they
are to be covered with a nonmagnetic metal.

[0005] Protecting magnetic bearings and displace-
ment sensors with Teflon, ceramics, glass, etc. poses
problems in terms of fabrication process, cost, and me-
chanical strength. In addition, these protective materials
may not be used in special environments where gas
contamination is problematic.

[0006] It is customary to employ inductive sensors
protected by a nonmagnetic metal in such applications.
However, the carrier frequency of an inductive sensor
produces a magnetic field that generates an eddy cur-
rent on the surface of a nonmagnetic metal partition, re-
sulting in a reduction in the sensitivity of a detected sig-
nal from the inductive sensor, i.e., a reduction in the s/
n ratio thereof.

[0007] A magnetic bearing operates by passing a cur-
rent through an electromagnet and levitating an object
under electromagnetic forces generated by the electro-
magnet. If the magnetic bearing and an inductive sensor
combined therewith are covered with a nonmagnetic
metal, then since both the magnetic bearing and the in-
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ductive sensor are covered with one nonmagnetic metal
partition, electromagnetic noise generated by the elec-
tromagnet and an eddy current produced on the surface
of the nonmagnetic metal partition by the electromag-
netic noise pass through the nonmagnetic metal parti-
tion, adversely affecting the inductive sensor. The non-
magnetic metal partition that protects the inductive sen-
sor and the magnetic bearing is thus disadvantageous
in that it makes magnetic levitation control difficult due
to magnetic and electric noise applied to the inductive
sensor.

[0008] FIG. 1 ofthe accompanying drawings shows a
circuit arrangement of a control circuit for a conventional
magnetic bearing device. As shown in FIG. 1, the control
circuit includes an oscillator 1 whose output signal is
supplied via operational amplifiers 2-1, 2-2, current-lim-
iting resistors 3-1, 3-2, and a cable CB to a pair of series-
connected displacement sensors Z1, Z2 which detect
the displacement, in an X-axis direction, for example, of
an object 5 levitated by a magnetic bearing MC. A po-
tential (sensorsignal) Eg atthe junction between the dis-
placement sensors Z1, Z2 is applied to a negative ter-
minal of a differential amplifier 6, and a reference poten-
tial Es that is set up by reference resistors Ra, Rb is
applied to a positive terminal of the differential amplifier
6. The differential amplifier 6 applies an output signal
via a synchronous detector 7 and a phase compensat-
ing circuit 8 to a drive circuit 9.

[0009] Asshown in FIG. 2 of the accompanying draw-
ings, the drive circuit 9 comprises a controller 9-1 and a
driver 9-2. The controller 9-1 controls the driver 9-2 ac-
cording to a PWM process. The driver 9-2 supplies an
output signal to an electromagnet coil 10 of the magnetic
bearing MC.

[0010] In FIG. 1, a capacitor 4 is connected parallel
to the displacement sensors Z1, Z2 to cause parallel
resonance therewith.

[0011] If a protective plate of nonmagnetic metal is
disposed between the displacement sensors Z1, Z2 and
the object 5 and each of the displacement sensors Z1,
Z2 comprises an inductive sensor, then the above prob-
lems arise, i.e., an eddy current generated by the pro-
tective plate of nonmagnetic metal causes a reduction
in the sensitivity of a detected signal from the displace-
ment sensors Z1, Z2, and the displacement sensors Z1,
Z2 are adversely affected by a magnetic field generated
by a current that is supplied to energize the electromag-
net coil 10.

SUMMARY OF THE INVENTION

[0012] Itistherefore an object of the presentinvention
to provide a magnetic bearing device which includes a
magnetic bearing and a displacement sensor, at least
the displacement sensor being protected by a nonmag-
netic metal material, and which is capable of performing
accurate levitation control without reducing the sensitiv-
ity of a detected signal from the displacement sensor, i.
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e., without reducing the s/n ratio thereof, with an eddy
current generated by the nonmagnetic metal material,
and also without allowing the displacement sensorto be
adversely affected by a magnetic field produced by a
current that is supplied to energize an electromagnet
coil of the magnetic bearing.

[0013] According to the present invention, there is
provided a magnetic bearing device comprising an elec-
tromagnet for levitating an object under electromagnetic
forces, an inductive displacement sensor for detecting
the displacement of the levitated object, a controller for
supplying a signal to the displacement sensor through
a cable and a current to the electromagnet through a
cable, and a protective plate of nonmagnetic metal ma-
terial disposed between the displacement sensor and
the levitated object, the controller including a levitation
control system having a noise removing filter for pre-
venting an abnormal signal caused by the protective
plate from being applied to the displacement sensor.
[0014] Sincethe controllerincludes the levitation con-
trol system having the noise removingfilter for prevent-
ing an abnormal signal caused by the protective plate
from being applied to the displacement sensor, the s/n
ratio of a sensor signal of the displacement sensor is
increased and the displacement sensor functions suffi-
ciently even though the displacement sensor is of the
inductive type and the protective plate of nonmagnetic
metal material is disposed between the displacement
sensor and the levitated object.

[0015] The noise removing filter may comprise either
a filter or a filter and a phase compensator.

[0016] The displacement sensor may include a yoke
extending through the protective plate, or the displace-
ment sensor may include a yoke, and the magnetic
bearing device may further comprise a magnetic mem-
ber of a material which is identical or similar to the ma-
terial of the yoke, the magnetic member being embed-
ded in the protective plate adjacent to the yoke.

[0017] With the above arrangement, the distance be-
tween the yoke and the levitated object is reduced by
the thickness of the protective plate, resulting in an in-
crease in the sensitivity of the displacement sensor for
detecting the displacement of the levitated object with
high accuracy.

[0018] The controller may include a power driver for
energizing a sensor element of the displacement sen-
sor. The power driver is effective in increasing the rate
of change of a detected signal of the displacement sen-
sor with respect to a change in the displacement of the
levitated object.

[0019] The controller may include a PWM driver for
energizing the electromagnet and a common-mode coil,
a normal-mode coil, or a common-mode coil and a nor-
mal-mode coil connected to an output terminal of the
PWM driver.

[0020] The PWM driver and the common-mode coil,
the normal-mode coil, or the common-mode coil and the
normal-mode coil are effective to reduce electromagnet-
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ic noise generated by the electromagnet.

[0021] The above and other objects, features, and ad-
vantages of the present invention will become apparent
from the following description when taken in conjunction
with the accompanying drawings which illustrate pre-
ferred embodiments of the present invention by way of
example.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]

FIG. 1 is a circuit diagram, partly in block form, of a
circuit arrangement of a control circuit for a conven-
tional magnetic bearing device;

FIG. 2 is a block diagram of a drive circuit of the
control circuit shown in FIG. 1;

FIG. 3 is a cross-sectional view of a displacement
sensor and an electromagnet of a magnetic bearing
device according to the present invention;

FIG. 4 is a circuit diagram, partly in block form, of a
circuit arrangement of a levitation control system of
the magnetic bearing device according to the
present invention;

FIG. 5 is a block diagram of a drive circuit of the
levitation control system of the magnetic bearing
device according to the present invention;

FIG. 6 is a block diagram of a modified drive circuit;
FIG. 7 is a block diagram of another modified drive
circuit;

FIG. 8A is a diagram showing the waveform of a
voltage applied to an electromagnet coil of a con-
ventional magnetic bearing device;

FIG. 8B is a diagram showing the waveform of a
voltage applied to an electromagnet coil of the mag-
netic bearing device according to the present inven-
tion;

FIG. 9A is a diagram showing the waveform of a
sensor signal of the conventional magnetic bearing
device;

FIG. 9B is a diagram showing the waveform of a
sensor signal of the magnetic bearing device ac-
cording to the present invention;

FIG. 10A is a cross-sectional view of a displace-
ment sensor and an electromagnet of another mag-
netic bearing device accordingto the present inven-
tion; and

FIG. 10B is a view taken along line X(b) - X(b) of
FIG. 10A.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0023] Asshownin FIG. 3, a magnetic bearing device
according to the present invention includes a protective
plate (can) 14 of nonmagnetic metal material that is dis-
posed between a levitated object 5, and an electromag-
net 11 which supports the object 5 and an inductive dis-
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placement sensor 13 for detecting the displacement of
the levitated object 5. The protective plate 14 of non-
magnetic metal material serves to protect the electro-
magnet 11 and the displacement sensor 13. The dis-
placement sensor 13 comprises a sensor yoke (sensor
core) 13a and a sensor coil 13b disposed around the
sensor yoke 13a. The electromagnet 11 comprises an
electromagnet yoke 11a and an electromagnet coil 10
disposed around the electromagnet yoke 11a.

[0024] FIG. 4 shows a circuit arrangement of a levita-
tion control system of the magnetic bearing device ac-
cordingto the present invention. As shown in FIG. 4, the
levitation control system includes an oscillator 1 whose
output signal is supplied via operational amplifiers 15-1,
15-3, power boosters 15-2, 15-4, and a cable CB to a
pair of series-connected displacement sensors Z1, Z2
which detect the displacement of an object 5 levitated
by a magnetic bearing MC. The amplifiers 15-1, 15-3
and the power boosters 15-2, 15-4 jointly make up a
power driver 15. A potential (sensor signal) Eg at the
junction between the displacement sensors Z1, Z2 is ap-
plied to a negative terminal of a differential amplifier 6
via a bandpass filter 16-1 and a band eliminating filter
16-2 of a noise removing filter 16. A reference potential
(reference signal) Es that is set up by reference resistors
Ra, Rb is applied to a positive terminal of the differential
amplifier 6 via a bandpass filter 16-3, a band eliminating
filter 16-4, and a phase compensator 16-5 of the noise
removing filter 16. The differential amplifier 6 applies an
output signal via a synchronous detector 7 and a phase
compensating circuit 8 to a drive circuit 9.

[0025] As shownin FIG. 5, the drive circuit 9 compris-
es a controller 9-1 and a driver 9-2. The driver 9-2 sup-
plies an output signal through a cable CB to the coil 10
of the electromagnet 11. The oscillator 1 applies its out-
put signal via a phase compensator 17 and a compara-
tor 18 to the synchronous detector 7.

[0026] Because the protective plate (can) 14 of non-
magnetic metal material is disposed between the levi-
tated object 5, and the electromagnet 11 and the dis-
placement sensor 13, the s/n ratio of the sensor signal
of the displacement sensor 13 is lowered because of a
loss due to an eddy current generated by the protective
plate 14 and also due to a magnetic field generated by
the electromagnet 11. In order to improve the s/n ratio
of the sensor signal, the power driver 15 is employed in
a current supply for driving the displacement sensor 13,
i.e., the displacement sensors Z1, Z2. In addition, the
noise eliminating filter 16 which includes the bandpass
filter 16-1, the band eliminating filter 16-2, the bandpass
filter 16-3, the band eliminating filter 16-4, and the phase
compensator 16-5 is employed in order to sufficiently
remove noise from the sensor signal Eg and the refer-
ence signal Es. With this arrangement, the effect of the
magnetic field generated by the current supplied to en-
ergize the electromagnet 11 on the sensor current Eg is
reduced to allow stable levitation control over the object
5.
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[0027] Since the sensor signal Eg passes through the
bandpass filter 16-1 and the band eliminating filter 16-2,
and the reference signal Es passes through the band-
pass filter 16-3 and the band eliminating filter 16-4, the
sensor signal Eg and the reference signal Es are shifted
out of phase with each other. In order to compensate for
such a phase shift, the phase compensator 16-5 is add-
ed to the path of the reference signal Es. The phase
compensator 16-5 may instead be added to the path of
the sensor signal Eg. The output signal from the oscil-
lator 1 is phase-compensated by the phase compensa-
tor 17 before it is supplied to the synchronous detector
7. By thus performing phase compensation, the sensi-
tivity of the displacement sensor 13, i.e., the displace-
ment sensors Z1, Z2, is optimized.

[0028] Inthe drive circuit 9, the controller 9-1 controls
the driver 9-2 according to a PWM process. The output
of the driver 9-2 is supplied via a common-mode coil 19
to the coil 10 of the electromagnet 11 for thereby reduc-
ing switching noise in the PWM process to reduce its
effect on the displacement sensor 13.

[0029] As shown in FIG. 6, the output signal from the
drive circuit 9 may be supplied via a normal-mode coil
20 to the coil 10 of the electromagnet 11 for thereby re-
ducing transient changes of the current in the PWM
process to reduce noise due to such transient changes
of the current and hence to reduce their effect on the
displacement sensor 13.

[0030] Alternatively, as shown in FIG. 7, the output
signal from the drive circuit 9 may be supplied via the
common-mode coil 19 and the normal-mode coil 20 to
the coil 10 of the electromagnet 11 for thereby reducing
noise in the PWM process to reduce its effect on the
displacement sensor 13.

[0031] The magnetic bearing device needs to have a
can structure in which the displacement sensor and the
electromagnet are protected by a protective plate or
can, especially if the magnetic bearing device is com-
bined with an excimer laser, for example, which is used
in a corrosive environment and subject to organic or Si
gas contamination. The protective plate or can is made
of a nonmagnetic metal material such as SUS 304 or
SUS 306 for protecting the displacement sensor and the
electromagnet against corrosion and gas contamina-
tion. The displacement sensor, which comprises an in-
ductive sensor, thus protected can function sufficiently
when combined with the levitation control system shown
in FIGS. 4 through 7.

[0032] FIG. 8A shows the waveform of a voltage ap-
plied to the electromagnet coil of a conventional mag-
netic bearing device, and FIG. 8B is a diagram showing
the waveform of a voltage applied to the electromagnet
coil of the magnetic bearing device according to the
presentinvention. A study of FIGS. 8A and 8B indicates
that the voltage applied to the electromagnet coil of the
magnetic bearing device according to the presentinven-
tion suffers much less noise than the voltage applied to
the electromagnet coil of the conventional magnetic
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bearing device.

[0033] FIG. 9A shows the waveform of a sensor signal
of the conventional magnetic bearing device, and FIG.
9B shows the waveform of a sensor signal of the mag-
netic bearing device according to the present invention.
It can be seen from FIGS. 9A and 9B that the sensor
signal of the magnetic bearing device according to the
present invention contains much less electromagnetic
noise from the electromagnet than the sensor signal of
the conventional magnetic bearing device.

[0034] FIGS. 10A and 10B show a displacement sen-
sor and an electromagnet of another magnetic bearing
device according to the present invention. As shown in
FIGS. 10A and 10B, a displacement sensor 13 has a
sensor yoke (sensor core) 13a having an end extending
through a protective plate 14 of nonmagnetic metal ma-
terial and facing a levitated object 5. An electromagnet
11 has an electromagnet yoke (electromagnet core) 11a
having an end extending through the protective plate 14
of nonmagnetic metal material and facing the levitated
object 5. The ends of the sensor yoke 13a and the elec-
tromagnet yoke 11a which extend through the protective
plate 14 are welded to the protective plates 14 by re-
spective joint seals 13c, 11b.

[0035] Since the end of the sensor yoke 13a extends
through the protective plate 14, the distance between
the levitated object 5 and the sensor yoke 13a is re-
duced by the thickness of the protective plate 14. There-
fore, the sensitivity of the displacement sensor 13 is in-
creased for detecting the displacement of the levitated
object 5 with high accuracy. Furthermore, because the
end of the electromagnet yoke 11a also extends through
the protective plate 14, the distance between the levi-
tated object 5 and the electromagnet yoke 11a is also
reduced by the thickness of the protective plate 14. Con-
sequently, the electromagnet 11 can apply increased
magnetic forces to the levitated object 5, and hence can
be reduced in size.

[0036] In the embodiment shown in FIGS. 10A and
10B, the ends of the sensor yoke 13a and the electro-
magnet yoke 11a extend through the protective plate 14
and face the levitated object 5. However, rather than
having the ends of the sensor yoke 13a and the electro-
magnet yoke 11a extending through the protective plate
14, magnetic members whose material is identical or
similar to the sensor yoke 13a and the electromagnet
yoke 11a may be embedded in the protective plate 14
adjacent to the sensor yoke 13a and the electromagnet
yoke 11a.

[0037] Ifthe magnetic bearing device accordingto the
present invention is used in a corrosive environment,
then sensor yoke 13a and the electromagnet yoke 11a
may be made of a magnetic material resistant to the cor-
rosive environment.

[0038] Although certain preferred embodiments of the
present invention have been shown and described in
detail, it should be understood that various changes and
modifications may be made therein.
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Claims

1.

A magnetic bearing device comprising:

an electromagnet (10) for levitating an object
(5) under electromagnetic forces;

an inductive displacement sensor (Z1,Z2) for
detecting the displacement of the levitated ob-
ject;

a controller for supplying a signal to said dis-
placement sensor through a cable and a cur-
rent to said electromagnet through a other ca-
ble; and

a protective plate (14) of nonmagnetic metal
material disposed between said displacement
sensor and said levitated object; character-
ized in that

said controller including a levitation control sys-
tem (6,7,8;9) having a noise removing filter
(16-1; 16-2; 16-3; 16-4; 16-5) for preventing a
sensor signal from magnetic signal noise
caused by said protective plate from being ap-
plied to said displacement sensor (Z1;22).

A magnetic bearing device according to claim 1,
wherein said noise removing filter comprises either
a filter or a filter and a phase compensator.

A magnetic bearing device according to claim 1,
wherein said displacement sensor includes a yoke
(13a) extending through said protective plate.

A magnetic bearing device according to claim 1,
wherein said displacement sensor includes a yoke
(13a), further comprising a magnetic member of a
material which is identical or similar to the material
of said yoke, said magnetic member being embed-
ded in said protective plate adjacent to said yoke.

A magnetic bearing device according to any one of
claims 1 to 4, wherein said controller includes a
power driver (9) for energizing a sensor element of
said displacement sensor.

A magnetic bearing device according to any one of
claims 1 to 5, wherein said controller includes a
PWM driver for energizing said electromagnet and
a common-mode coil connected to an output termi-
nal of said PWM driver.

A magnetic bearing device according to any one of
claims 1 to 5, wherein said controller includes a
PWM driver for energizing said electromagnet and
anormal-mode coil connected to an output terminal
of said PWM driver.

A magnetic bearing device according to any one of
claims 1 to 5, wherein said controller includes a



9 EP 1 079 122 B1 10

PWM driver for energizing said electromagnet and
a common-mode coil and a normal-mode coil which
are connected to an output terminal of said PWM
driver.

Patentanspriiche

Magnetlagervorrichtung, wobei die Vorrichtung Fol-
gendes aufweist:

einen Elektromagneten (10) zum Anheben ei-
nes Gegenstandes unter elektromagnetischen
Kréaften;

einen induktiven Verschiebungssensor (Z1,
Z2) zum Erfassen der Verschiebung des ange-
hobenen Objekts;

einen Regler fur die Zufuhr eines Signals zu
dem Verschiebungssensor tber ein Kabel und
einen Strom zu dem Elektromagneten Uber ein
anderes Kabel; und

eine Schutzplatte (14) aus einem nichtmagne-
tischen Metallmaterial, die zwischen dem Ver-
schiebungssensor und dem angehobenen Ob-
jekt angeordnet ist,

dadurch gekennzeichnet,

dass der Regler ein Anhebungsregelsystem (6, 7,
8; 9) aufweist, das einen Rauschentfernungsfilter
(16-1; 16-2; 16-3: 16-4; 16-5) besitzt, um ein Sen-
sorsignal vom durch die Schutzplatte verursachten
magnetischen Signalrauschen daran zu hindern, an
den Verschiebungssensor (Z1, Z2) angelegt zu
werden.

Magnetlagervorrichtung nach Anspruch 1,

wobei der Rauschentfernungsfilter entweder einen
Filter oder einen Filter und einen Phasenkompen-
sator aufweist.

Magnetlagervorrichtung nach Anspruch 1,
wobei der Verschiebungssensor ein Joch (13a) auf-
weist, das sich durch die Schutzplatte erstrecki.

Magnetlagervorrichtung nach Anspruch 1,

wobei der Verschiebungssensensor ein Joch auf-
weist und weiterhin ein magnetisches Bauteil aus
einem Material aufweist, das mit dem Material des
Joch identisch oder diesem ahnlich ist, wobei das
magnetisches Bauteil in der Schutzplatte angren-
zend an das Joch eingebettet ist.

Magnetlagervorrichtung nach irgendeinem der An-
spriche 1 bis 4,

wobei der Regler einen Leistungstreiber fir die Er-
regung eines Sensorelements des Verschiebungs-
sensors aufweist.
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6.

Magnetlagervorrichtung nach irgendeinem der An-
spriiche 1 bis 5,

wobei der Regler einen Pulsbreitenmodulationstrei-
ber (PWM - Treiber) fur die Erregung des Elektro-
magneten und eine Gleichtakimodus - Spule auf-
weist, die mit einer Ausgangsklemme des PWM -
Treibers verbunden ist.

Magnetlagervorrichtung nach irgendeinem der An-
spriiche 1 bis 5,

wobei der Regler einen Pulsbreitenmodulationstrei-
ber (PWM - Treiber) fur die Erregung des Elektro-
magneten und eine Gegentakt-Modus - Spule auf-
weist, die mit einer Ausgangsklemme des PWM -
Treibers verbunden ist.

Magnetlagervorrichtung nach irgend einem der An-
spriche 1 bis 5,

wobeider Regler einen Pulsbreitenmodulationstrei-
ber (PWM - Treiber) fur die Erregung des Elektro-
magneten und eine Gleichtaktimodus - Spule und
eine Gegentakimodus - Spule aufweist, die mit ei-
ner Ausgangsklemme des PWM - Treibers verbun-
den sind.

Revendications

1.

Dispositif de palier magnétique comprenant :

un électroaimant (10) destiné a soulever un ob-
jet (5) au moyen de forces
électromagnétiques ;

un capteur de déplacement inductif (21, 22)
destiné a détecter le déplacement de I'objet
soulevé ;

un contréleur destiné a fournir un signal au dit
capteur de déplacement par le biais d'un céble,
et un courant au dit électroaimant par le biais
d'un autre cable ; et

une plaque de protection (14) d'un matériau en
métal non magnétique disposée entre ledit cap-
teur de déplacement et ledit objet soulevé ;

caractérisé en ce que

ledit contrdleur comprend un systéme de comman-
de de levage (6; 7; 8; 9) ayant un filtre suppresseur
de bruit (16-1; 16-2; 16-3; 16-4; 16-5) pour éviter
qu'un signal de capteur avec du bruit de signal ma-
gnétique causé par ladite plaque de protection soit
appliqué au dit capteur de déplacement (21; 22).

Dispositif de palier magnétique selon la revendica-
tion 1, dans lequel ledit filtre suppresseur de bruit
comprend, soit un filtre, soit un filtre et un compen-
sateur de phase.

Dispositif de palier magnétique selon la revendica-
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tion 1, dans lequel ledit capteur de déplacement
comprend un barreau de bobinage (13a) traversant
ladite plaque de protection.

Dispositif de palier magnétique selon la revendica-
tion 1, dans lequel ledit capteur de déplacement
comprend un barreau de bobinage (13a), compre-
nant en outre un élément magnétique d'un matériau
qui est identique ou similaire au matériau dudit bar-
reau de bobinage, ledit élément magnétique étant
intégré dans ladite plaque de protection a cété dudit
barreau de bobinage.

Dispositif de palier magnétique selon I'une quelcon-
que des revendications 1 a 4, dans lequel ledit con-
tréleur comprend une commande de puissance (9)
destinée a alimenter un élément de capteur dudit
capteur de déplacement.

Dispositif de paliermagnétique selon I'une quelcon-
que des revendications 1 a 5, dans lequel ledit con-
tréleur comprend une commande a modulation
d'impulsion en durée (MID) destinée a alimenter le-
dit électroaimant et une bobine de mode commun
connectée a une borne de sortie de ladite comman-
de MID.

Dispositif de paliermagnétique selon I'une quelcon-
que des revendications 1 & 5, dans lequel ledit con-
tréleur comprend une commande MID destinée a
alimenter ledit électroaimant et une bobine en mode
normal connectée & une borne de sortie de ladite
commande MID.

Dispositif de paliermagnétique selon I'une quelcon-
que des revendications 1 a 5, dans lequel ledit con-
tréleur comprend une commande MID destinée a
alimenter ledit électroaimant et une bobine en mode
commun et une bobine en mode normal qui sont
connectées a une borne de sortie de ladite com-
mande MID.
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