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Description

Cross-Reference to Related Applications

[0001] This application claims the benefit of U.S. Non-
Provisional Patent Application No. 15/007,156 titled
"Passive Magnetic Bearing Elements and Configurations
Utilizing Alternative Polarization and Amperian Current
Direction," filed January 26, 2016 and claims the benefit
of U.S. Provisional Patent Application No. 62/191,885
titled "Improved Levitating Passive Magnetic Bearing
Configurations," filed July 13, 2015.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to the design of
levitating magnetic bearings of the annular or conical-
annular configuration, and more specifically, it relates to
the use of alternative polarization and Amperian current
directions in levitating passive magnetic bearing config-
urations.

Description of Related Art

[0003] Levitating magnetic bearings of the annular or
conical-annular configuration are typically made using
rectangular blocks that are assembled in a ring the radius
of which is large compared to the dimensions of the bars
so that the gaps at the outer edge are small compared
to their dimensions. Key elements in the passive mag-
netic bearing systems developed at Lawrence Livermore
National Laboratory (LLNL) are the permanent-magnet
arrays that levitate the rotating system, e.g., the rotor of
a flywheel energy storage system (EMB). It is therefore
of value to consider designs of these systems that min-
imize the amount of magnet material required (reduces
the weight added to the rotor), and reduce the material
cost of the bearing, both from reducing the amount of
permanent magnet material required to fabricate the
bearing and/or to allow the use of less expensive magnet
material. For example, the high-field permanent magnet
material such as SmCo (Br = 1.3 Tesla) and NdFeB (Br
= 1.4 Tesla) are very expensive ($100/lb for SmCo and
$50/lb for NdFeB). Ferrite magnets (Br = 0.4 Tesla) cost
only $2/lb, and are also non-conducting, so that eddy-
current losses are zero. New designs are desirable that
improve the lift per unit area of levitating bearings, as
compared to former designs, sufficiently as to allow the
use of ferrite magnets for levitation of EMBs rotors in
most cases. The present invention provides such de-
signs.
[0004] US 2008/0139261 shows an apparatus accord-
ing to the preamble of claim 1.

SUMMARY OF THE INVENTION

[0005] The invention consists in adding a ferromagnet-
ic shield at the opposite end from the working surfaces
of the magnet bars to eliminate the field cancelling effects
that arise from the Amperian currents at that end. It is
shown that the optimum polarization direction for such
bars is one that is parallel to the azimuthal coordinate of
the bar, as opposed to polarization in the radial direction
or axial direction. In the present invention, the field at the
working surface of the bar approaches that of a bar of
infinite length because a shield, located on the side op-
posite to that of the working surface, completely elimi-
nates the field cancellation effect that normally would oc-
cur. The invention has a variety of uses including in fly-
wheel storage systems and other rotating machinery.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The accompanying drawings, which are incor-
porated into and form a part of the disclosure, illustrate
embodiments of the invention and, together with the de-
scription, serve to explain the principles of the invention.

FIG. 1A shows rectangular permanent magnet block
10 oriented so that its polarization 12 is horizontal
with respect to the page.
FIG. 1B shows a conventional bearing having a per-
manent magnet block 20 and a polarization 22 that
is vertical with respect to the page.
FIG. 1C shows a manner in which the element 8 of
FIG. 1A can be arranged in a circular pattern for use
in a circular bearing.
FIG. 2A shows plots of the levitation force/m2 for
horizontally polarized ferrite permanent magnet bars
as a function of the length of the magnets.
FIG. 2B shows plots of the levitation force/m2 for
vertically polarized ferrite permanent magnet bars
as a function of the length of the magnets.
FIG. 3 shows a cross-sectional view of a passive
bearing system that utilizes embodiments of the
bearing elements of the present such that the system
is stable against vertical (axial) and radial displace-
ments.

DETAILED DESCRIPTION OF THE INVENTION

[0007] The new designs described in this document
improve the lift per unit area of levitating bearings, as
compared to former designs, sufficiently as to allow the
use of ferrite magnets for levitation of EMBs rotors in
most cases. Levitating magnet arrays employed in the
LLNL passive magnetic bearing systems have consisted
of annular or conical-annular arrays of permanent mag-
nets for vertical-axis systems or arc or conical arc arrays
for horizontal-axis systems. This document describes an
improved form of these arrays that results in a substantial
increase in the levitating force per unit magnet weight.
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As noted above, the improvement is such that in many
cases it will allow the replacement of an expensive per-
manent magnet material, e.g., SmCo, by a much less
expensive one, e.g., ferrite.
[0008] In the design of the levitating components of a
passive magnetic bearing there are two general classes
of magnet arrays from which to choose, namely, annular
uniformly polarized arrays or Halbach arrays with radially
directed periodicity. The Halbach array makes the most
efficient use of the magnetic material but at the price of
complexity of the individual magnet elements from which
it is assembled. They also have very high stiffness per
unit area. This feature can make it more difficult to sta-
bilize the entire passive bearing system against Earn-
shaw-Theorem-related instability.
[0009] The new invention achieves typical levitation
per unit magnet weight factors that fall short of Halbach
array bearings by about a factor of two, but are never-
theless better than previous designs by a factor of two
or more, and at the same time involve far simpler magnet
elements than do Halbach array bearings.
[0010] Returning to the topic of designing annular lev-
itating bearings, it is first of all important to note that there
are two generically different approaches that might be
taken. These two differ in the polarization direction of the
magnets. An annular ring levitation magnet array is typ-
ically constructed by assembling small square-ended
magnet bars into a circular pattern, having a radial width
that is much smaller than the radius of the ring. When
this is the case, the gaps between the magnets at the
outer edge of the ring are very small compared to the
end-on dimension of the blocks so that the effect of these
gaps on the magnetic field configuration is minimal.
When radially wider rings are required, they can be made
up by nesting rings of increasing radius, with small radial
gaps between each ring. Conical annular rings can also
be assembled in the same manner, as can annular rings
located on the inner surface of the rotor that exert an
inward force when matched against a cylindrical array of
stator magnets.
[0011] At this point in the design there are two choices
of magnet polarization that can be chosen. The conven-
tional choice of polarizations are ones that are perpen-
dicular to the working surface of the ring, i.e., either "out-
out" (repelling), or "out-in" (attracting). The invention de-
scribed herein consists in choosing the alternative polar-
ization, i.e., parallel or anti-parallel to the azimuthal co-
ordinate of the annular bearing. By making this choice it
will be shown that it is possible to double the repulsion
or attraction of the bearing relative to the "out-out" or "in-
out" polarizations with the same magnet volume and
weight of magnets as used in the conventional magnet
polarization orientations.
[0012] In order to explain the electromagnetic origin of
the above-cited advantage (of using a non-conventional
choice of magnet polarizations) it is very useful to intro-
duce the "Amperian current" model of a permanent mag-
net bar. According to this model, any permanent magnet

can be represented by a pattern of equivalent current
sheets on their surface. For rectangular bars these cur-
rents on the surface of the bar are constant in magnitude,
closing on themselves to form rectangular current loops.
For a magnet bar that is polarized so that the emerging
B vector is perpendicular to an end of the bar, the Am-
perian currents flow around the body of the bar repre-
sented by the sides of the bar, just as they would flow in
a solenoidal coil with rectangular cross section. The
above polarization direction is the one conventionally
used to create an attracting or a repelling annular bearing
out of small rectangular blocks.
[0013] FIG. 1A shows a bearing element 8 comprising
a rectangular permanent magnet block 10 oriented so
that its B-field polarization 12 is horizontal with respect
to the page. Amperian currents flowing around the block
are represented by arrows 14. The Amperian currents
flowing on the bottom and back side of the block are not
shown because they are obscured by the block itself. In
this configuration, surface 16 is the working surface of
the bearing element. The opposite end of block 10 is
located within a trough 18 of a shield 16, which could be
made of ferromagnetic material (e.g., soft iron or other
high permeability material).
[0014] FIG. 1B shows a conventional bearing element
19 having a permanent magnet block 20 and a polariza-
tion 22 that is vertical with respect to the page. Amperian
currents are represented by arrows 24. In this bearing
element, surface 26 is the working surface. FIG. 1C
shows a manner in which the element 8 of FIG. 1A can
be arranged in a circular pattern for use in a circular bear-
ing. The figure shows a view from above the working
surface 16. Although only one of these bearing elements
is shown, in a complete bearing, a series of these ele-
ments would be placed such that the working surfaces
16 are arranged side-by-side with all of the Amperian
currents pointing in the same direction. In the case of
FIG. 1C, all of the Amperian current directions are pointed
away from the central axis of the circle. If Although not
to scale, notice that the thickness of the working surface
is small compared to the radius of the circle. Notice also
that the magnetic polarization 12 is pointed such that it
is parallel with the azimuthal direction of the circle.
[0015] The non-conventional polarization choice (i.e.,
polarization that is perpendicular to two opposing sides
of the bar and is parallel to the working surface) has an
Amperian current distribution that runs up one side of the
bar, across its upper surface and down the opposite side,
closing on itself at the other end of the bar. As is the case
with parallel wires carrying currents, the Amperian cur-
rents on the upper surface of that bar in the rotating an-
nular bearing are repelled by anti-parallel (vectors that
lie along parallel lines but point in opposite directions)
currents on the surface of a bar element of the stationary
annular bearing. Similarly, when the Amperian currents
on the upper surface of the bar elements in the rotating
annular bearing are parallel to those in the stator annular
bearing ring, the force is attractive when the annuli are
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coaxial.
[0016] Based on this disclosure, those skilled in the art
will recognize that the non-conventional bearings and the
object being supported (e.g., a rotor) can be configured
in a variety of ways. For example, a circular bearing can
be configured with its Amperian current pointed in one
direction and another set of bearing elements can be
located on a rotor to be supported by the bearing, the
rotor bearings having Amperian current directions anti-
parallel to that of the stator bearing. In another embodi-
ment, the support bearing can be located such that its
Amperian current direction is parallel to that of the rotor
magnetic elements such that the support bearing pulls
the rotor upward.
[0017] In both cases, but for different reasons, if the
above magnet blocks are lengthened or shortened, the
strength of the magnetic field above their upper edge will
increase or decrease. For the vertically polarized block
of FIG. 1B, this variation comes from the fact that the
equivalent solenoid has fewer ampereturns when short-
ened and vice-versa. For the horizontally polarized bar
of FIG. 1A, the magnitude of the Amperian current does
not depend on the length of the magnet. However, in this
case, where the Amperian current on the bottom edge is
oppositely directed to the current across the top edge,
the oppositely directed magnetic field produced by that
current partially cancels the magnetic field above the bar
coming from the top edge, and the cancellation effect is
greater the shorter the bar. Note that the Amperian cur-
rents that run longitudinally in the bar have no influence
on the levitation force since they are orthogonal to the
end currents and are also oppositely directed to each
other.
[0018] The above-described difference in the origin of
the length dependence of the magnetic field above the
two different magnet blocks opens up an opportunity for
a major increase in the magnetic field at the upper surface
of one of the bars (the horizontally polarized bar on the
left), without increasing its length. As will be described,
this means that we can assemble a repelling or attracting
annular bearing that, for the same length of magnet bars
(and thus the same weight of magnets) can produce lev-
itation forces that in typical cases are approximately a
factor of two larger than those achievable with conven-
tional annular magnetic bearings made up of either hor-
izontally or vertically polarized bars.
[0019] As the above discussion makes clear, in the
case of the horizontally polarized bar, any technique that
can shield the field from the transverse Amperian current
at the other end of the bar from its effect at the working
end of the bar will be nearly equivalent to using a double
length bar in the array. One way this shielding could be
done would be to locate a trough (e.g., a cylindrical
trough) of ferromagnetic material (e.g., soft iron or other
high permeability material) at the back end of the annular
bearing. This will trap the flux emerging from the rear end
of the bars making the bars to appear to be "infinite" in
length. An alternative shield design would consist of in-

dividual thin-walled ferromagnetic rectangular cross-
section "cups" fitted on the rear end of each bar.
[0020] To insure that the shielding does not apprecia-
bly perturb the field at the working surface of the annular
bearing, the length of the bars needs to be large com-
pared to the working gap between the rotor and stator of
the annular bearing. This is not a serious constraint, since
the working gaps are of order 2.0 mm so that magnet
lengths greater than about 2.0 cm should satisfy this con-
straint.
[0021] To summarize, the invention consists of the use
of magnet bars with a transverse polarization in con-
structing an annular bearing or conical-angular rotor or
stator bearing element and then surrounding the bars at
their back edges with a ferromagnetic shield (or shields).
As discussed later, use of the shielding concept to in-
crease the levitation forces will also work with vertically
polarized magnet bars (e.g., the bar in FIG. 1B), but the
gain in force is substantially less than the gain with hor-
izontally polarized bars.
[0022] Computer codes based on the Mathematica®
platform were written in order to quantify the improve-
ment in levitation force over conventional designs made
possible by the invention. Comparisons were made of
the values of the calculated levitation force per m2 for an
annular levitation bearing made up from transversely po-
larized rectangular ferrite magnet bars (Br = 0.39 Tesla)
with a width in the radial direction of 0.05 meters and a
length in the axial direction of 0.025 m. The mean radius
of the bearing was assumed to be 0.25 m so that the
gaps between the magnets at their outer edges arising
from assembling them in a circular pattern would be small
enough to create a minimal effect on the magnetic field
at their working surface.
[0023] To illustrate the effect of the length of a magnet
bar on the levitation force per unit area, calculations were
performed for magnet bars with working surface dimen-
sions of 0.025 m x 1.0 m for both horizontally polarized
bars (see e.g., FIG. 1A), and vertically polarized bars
(see e.g., FIG. 1B). The magnet material in both cases
is ferrite (Br = 0.39 T). Graphs of the results of these
calculations are shown in FIGs. 2A and 2B. The bars had
no shielding at their ends in these calculations. FIG. 2A
shows plots of the levitation force/m2 for horizontally po-
larized ferrite permanent magnet bars as a function of
the length of the magnets. FIG. 2B shows plots of the
levitation force/m2 for vertically polarized ferrite perma-
nent magnet bars as a function of the length of the mag-
nets.
[0024] As can be seen from the plots, the two polari-
zations have essentially identical force per unit area as
a function of their length. As can also be seen, the lifting
force per unit area for typical magnet thicknesses of 0.025
m is approximately a factor of two weaker than that for
an equivalent bar reflecting the effect of the magnetic
field at the infinite thickness. This factor is the gain that
results in the example bars described above from the
use of the ferromagnetic shield at the rear end of the
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magnets as described above. Because of edge effects
from the relatively narrow bar width (0.025 m.) used in
the calculations shown in figures 2A and 2B, if wider-
dimensioned bars (or stacked smaller dimension bars)
are employed, the gain factors were found to be substan-
tially increased. As an example, a magnet set made up
of a close-packed stack of 7 of the bars gave a force per
unit area of 46,540 N/m2 with using a ferromagnetic
shield, but gave only 16,830 N/m2 without the shield, rep-
resenting a gain factor of 2.8. For this case, the ratio of
levitated weight to the weight of the rotor magnets was
calculated to be 39:1, again a factor of 2.8 larger than for
the case of no shield. Finally, the calculations showed
that the gain factor achieved if vertically polarized bars
are used instead of horizontally polarized ones is less
than that for horizontally polarized ones (being limited to
the gain achieved by only doubling the effective length
of the bar). Thus the optimum polarization in terms of
gain in force is the horizontal one.
[0025] FIG. 3 shows a cross-sectional view of a pas-
sive bearing system that utilizes the bearing elements of
the present invention such that the system is stable
against vertical (axial) and radial displacements. As
shown in the figure, a vertical axis rotor 110 is being lev-
itated by two conical repelling bearings. One bearing
magnet 112 is located at the bottom of rotor 110, and the
other opposing bearing magnet 118 is located on the
stator 116. Bearing magnet 112 is configured such that
its working surface 114 faces working surface 120 of
bearing 118. The surface of bearing magnet 112 that is
opposite to the working surface 114 is located in a high
permeability cup (comprised e.g., of soft iron) 116 ac-
cording to the present invention. Likewise, the surface of
bearing magnet 118 that is opposite to the working sur-
face 120 is located in a high permeability cup 122 ac-
cording to the principles of the present invention. In this
system, tilt motion is stabilized with a stabilizer located
near the top of rotor 110, which stabilizer can be a con-
ventional stabilizer as known in the art, or can be a sta-
bilizer according to the teachings of the present invention.
In one configuration, magnets 130 and 140 are arranged
so that their respective working surfaces 132 and 142
(facing each other) have Amperian currents that are an-
tiparallel, which causes them to repel each other. Simi-
larly, in one configuration, magnets 112 and 118 are ar-
ranged so that their respective working surfaces 114 and
120 (facing each other) have Amperian currents that are
antiparallel, which causes them to repel each other. The
Amperian currents on the faces are perpendicular to the
central axis of rotation 150. Note that the soft iron material
can be substituted with other suitably high permeability
materials. In one embodiment, the two facing elements
have Amperian currents flowing in antiparallel directions
that are perpendicular to the central axis of the system.
This example will make clear to those skilled in the art
that the passive magnetic bearing configurations having
alternative polarization and Amperian current direction
can be utilized in a variety of useful ways to provide sta-

bilization and levitation. Note that the bearing elements
and high permeability cups, as well as the stabilizer ele-
ments, are not drawn to scale and they can, e.g., be much
larger to provide greater forces.
[0026] The foregoing description of the invention has
been presented for purposes of illustration and descrip-
tion and is not intended to be exhaustive or to limit the
invention to the precise form disclosed. Many modifica-
tions and variations are possible in light of the above
teaching. The embodiments disclosed were meant only
to explain the principles of the invention and its practical
application to thereby enable others skilled in the art to
best use the invention in various embodiments and with
various modifications suited to the particular use contem-
plated. The scope of the invention is to be defined by the
following claims.

Claims

1. An apparatus, comprising:

a permanent magnet first block having six faces
(face 1, face 2, face 3, face 4, face 5 and face
6), wherein face 1 is parallel with face 2 and
wherein each of face 3, face 4, face 5 and face
6 are perpendicular with face 1 and face 2,
wherein said first block has a B-field magnetiza-
tion polarization direction that is perpendicular
to face 1,
wherein said first block has Amperian currents
characterized as flowing on the surfaces of, and
making a complete loop around said block on
face 3, face 4, face 5 and face 6; characterized
in that the apparatus further comprises a ferro-
magnetic first shield in direct contact with one
of face 3, face 4, face 5 or face 6.

2. The apparatus of claim 1, wherein said first shield
reduces the field canceling effects on the Amperian
current characterized as flowing on the face of said
block that is opposite to the face to which said first
shield is in direct contact.

3. The apparatus of claim 1, wherein said first shield
traps at least a portion of the Amperian current char-
acterized as flowing on the face to which said first
shield is in direct contact.

4. The apparatus of claim 1, wherein said ferromagnet-
ic first shield is in direct contact with the entirety of
only one of face 3, face 4, face 5 or face 6.

5. The apparatus of claim 1, wherein said ferromagnet-
ic material comprises ferrite.

6. The apparatus of claim 1, further comprising:
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a plurality of permanent magnet second blocks,
wherein each second block thereof is substan-
tially identical to said first block; and
a plurality of ferromagnetic second shields,
wherein each said second block is in direct con-
tact with its own second shield;
wherein said first block and said second blocks
are arranged in a first ring, wherein said polari-
zation direction is parallel to the azimuthal co-
ordinate of said first ring.

7. The apparatus of claim 6, wherein the face of said
first block that is opposite to the face to which said
first shield is in direct contact is herein referred to as
the working surface, wherein the Amperian current
direction at said working surface is directed toward
or away from the center of said first ring.

8. The apparatus of claim 7, wherein said apparatus
further comprises:

a rotor having an axis of rotation, wherein said
first ring is stationary with respect to said axis of
rotation and to said rotor when said rotor rotates;
a plurality of permanent magnet third blocks,
wherein each third block thereof is substantially
identical to said first block; and
a plurality of ferromagnetic third shields, wherein
each said third block is in direct contact with its
own said third shield;
wherein said third blocks are arranged in a sec-
ond ring fixedly attached to said rotor.

9. The apparatus of claim 8, wherein each said third
block comprises ferrite material.

10. The apparatus of claim 1, wherein each said first
shield comprises a trough.

11. The apparatus of claim 6, wherein each said second
shield comprises a trough.

12. The apparatus of claim 8, wherein each said third
shield comprises a trough.

13. The apparatus of claim 6, wherein the radius of the
first ring is large compared to the dimensions of the
first and second blocs so that the gaps at the outer
edge are small compared to their dimensions.

14. The apparatus of claim 6, wherein the first ring form
an annular or conical-annular arrays of said first and
second blocks.

15. The apparatus of claim 6, wherein the field at the
working surface of said blocks approaches that of a
block of infinite length, wherein said shield complete-
ly eliminates the field cancellation effect that normal-

ly would occur.

Patentansprüche

1. Vorrichtung, die folgendes umfasst:
einen ersten Dauermagnetblock mit sechs Seiten
(Seite 1, Seite 2, Seite 3, Seite 4, Seite 5 und Seite
6), wobei Seite 1 parallel zu Seite 2 ist, und wobei
Seite 3, Seite 4, Seite 5 und Seite 6 jeweils senkrecht
zu Seite 1 und Seite 2 sind, wobei der erste Block
eine B-Feld-Magnetisierungspolarisationsrichtung
aufweist, die senkrecht zu Seite 1 ist, wobei der erste
Block Amperströme aufweist, die dadurch gekenn-
zeichnet sind, dass sie auf den Oberflächen des
Blocks auf Seite 3, Seite 4, Seite 5 und Seite 6 fließen
und um den Block einen vollständige Schleife bilden;
dadurch gekennzeichnet, dass die Vorrichtung
ferner eine ferromagnetische erste Abschirmung
umfasst, die sich in direktem Kontakt mit einer der
Seiten Seite 3, Seite 4, Seite 5 oder Seite 6 befindet.

2. Vorrichtung nach Anspruch 1, wobei die erste Ab-
schirmung die Feldauslöschungseffekte an dem
Amperstrom reduziert, der dadurch gekennzeich-
net ist, dass er auf der Seite des Blocks fließt, die
zu der Seite entgegengesetzt ist, mit der sich die
erste Abschirmung in direktem Kontakt befindet.

3. Vorrichtung nach Anspruch 1, wobei die erste Ab-
schirmung wenigstens einen Teil des Amperstroms
einfängt, der dadurch gekennzeichnet ist, dass er
auf der Seite fließt, mit der sich die erste Abschir-
mung in direktem Kontakt befindet.

4. Vorrichtung nach Anspruch 1, wobei sich die ferro-
magnetische erste Abschirmung in direktem Kontakt
mit der ganzen Seite einer der Seiten Seite 3, Seite
4, Seite 5 oder Seite 6 befindet.

5. Vorrichtung nach Anspruch 1, wobei das ferromag-
netische Material Ferrit umfasst.

6. Vorrichtung nach Anspruch 1, wobei diese ferner fol-
gendes umfasst:

eine Mehrzahl von zweiten Dauermagnetblö-
cken, wobei jeder zweite Block dieser Mehrzahl
im Wesentlichen zu dem ersten Block identisch
ist; und
eine Mehrzahl ferromagnetischer zweiter Ab-
schirmungen, wobei sich jeder zweite Block in
direktem Kontakt mit dessen eigenen zweiten
Abschirmung befindet;
wobei der erste Block und die zweiten Blöcke in
einem ersten Ring angeordnet sind, wobei die
Polarisationsrichtung parallel zu der azimutalen
Koordinate des ersten Rings ist.

9 10 
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7. Vorrichtung nach Anspruch 6, wobei die Seite des
erste Blocks, die entgegengesetzt zu der Seite, mit
der sich die erste Abschirmung in direktem Kontakt
befindet, hierin als die Arbeitsoberfläche bezeichnet
ist, wobei die Amperstromrichtung an der Arbeitso-
berfläche zu der Mitte oder weggehend von der Mitte
des ersten Rings gerichtet ist.

8. Vorrichtung nach Anspruch 7, wobei die Vorrichtung
ferner folgendes umfasst:

einen Rotor mit einer Rotationsachse, wobei der
erste Ring im Verhältnis zu der Rotationsachse
und zu dem Rotor ortsfest ist, wenn sich der Ro-
tor dreht;
eine Mehrzahl von dritten Dauermagnetblö-
cken, wobei jeder dritte Block der Mehrzahl im
Wesentlichen zu dem ersten Block identisch ist;
und
eine Mehrzahl ferromagnetischer dritter Ab-
schirmungen, wobei sich jeder dritte Block in di-
rektem Kontakt mit dessen eigenen dritten Ab-
schirmung befindet;
wobei die dritten Blöcke in einem zweiten Ring
angeordnet sind, der fest an dem Rotor ange-
bracht ist.

9. Vorrichtung nach Anspruch 8, wobei jeder dritte
Block Ferritmaterial umfasst.

10. Vorrichtung nach Anspruch 1, wobei jede erste Ab-
schirmung eine Senke umfasst.

11. Vorrichtung nach Anspruch 6, wobei jede zweite Ab-
schirmung eine Senke umfasst.

12. Vorrichtung nach Anspruch 8, wobei jede dritte Ab-
schirmung eine Senke umfasst.

13. Vorrichtung nach Anspruch 6, wobei der Radius des
ersten Rings im Vergleich zu den Abmessungen der
ersten und zweiten Blöcke groß ist, so dass die Lü-
cken an der Außenkante im Vergleich zu ihren Ab-
messungen klein sind.

14. Vorrichtung nach Anspruch 6, wobei der erste Ring
eine ringförmige oder konisch-ringförmige Anord-
nung der ersten und zweiten Blöcke bildet.

15. Vorrichtung nach Anspruch 6, wobei das Feld an der
Arbeitsoberfläche der Blöcke näherungsweise dem
Feld eines Blocks unendlicher Länge entspricht, wo-
bei die Abschirmung den Feldauslöschungseffekt
eliminiert, der normalerweise auftreten würde.

Revendications

1. Appareil, comprenant :

un premier bloc d’aimants permanents ayant six
faces (face 1, face 2, face 3, face 3, face 4, face
5 et face 6), la face 1 étant parallèle à la face 2
et chacune de la face 3, de la face 4, de la face
5 et de la face 6 étant perpendiculaire à la face
1 et à la face 2, ledit premier bloc ayant une
direction de polarisation de magnétisation de
champ B qui est perpendiculaire à la face 1, ledit
premier bloc ayant des courants ampériens ca-
ractérisés comme circulant sur les surfaces de,
et faisant une boucle complète autour dudit bloc
sur la face 3, la face 4, la face 5 et la face 6 ;
caractérisé en ce que l’appareil comprend en
outre un premier blindage ferromagnétique en
contact direct avec la face 3, la face 4, la face 5
ou la face 6.

2. Appareil selon la revendication 1, ledit premier blin-
dage réduisant les effets d’annulation de champ sur
le courant ampérien caractérisé comme circulant sur
la face dudit bloc qui est opposée à la face sur la-
quelle ledit premier blindage est en contact direct.

3. Appareil selon la revendication 1, ledit premier blin-
dage piégeant au moins une partie du courant am-
périen caractérisé comme circulant sur la face avec
laquelle ledit premier blindage est en contact direct.

4. Appareil selon la revendication 1, ledit premier blin-
dage ferromagnétique étant en contact direct avec
l’entièreté d’une seule de la face 3, de la face 4, de
la face 5 ou de la face 6.

5. Appareil selon la revendication 1, ledit matériau fer-
romagnétique comprenant de la ferrite.

6. Appareil selon la revendication 1, comprenant en
outre :

une pluralité de deuxièmes blocs d’aimants per-
manents, chaque deuxième bloc étant sensible-
ment identique audit premier bloc ; et
une pluralité de deuxièmes blindages ferroma-
gnétiques, chacun desdits deuxièmes blocs
étant en contact direct avec son propre deuxiè-
me blindage ;
ledit premier bloc et lesdits deuxièmes blocs
étant disposés dans un premier anneau, ladite
direction de polarisation étant parallèle à la coor-
donnée azimutale dudit premier anneau.

7. Appareil selon la revendication 6, la face dudit pre-
mier bloc qui est opposée à la face avec laquelle
ledit premier blindage est en contact direct étant ap-
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pelée ici la surface de travail, la direction du courant
ampérien au niveau de ladite surface de travail étant
dirigée vers le centre dudit premier anneau ou à l’op-
posé de celui-ci.

8. Appareil selon la revendication 7, ledit appareil com-
prenant en outre :

un rotor ayant un axe de rotation, ledit premier
anneau étant stationnaire par rapport audit axe
de rotation et audit rotor lorsque ledit rotor
tourne ;
une pluralité de troisièmes blocs d’aimants per-
manents, chaque troisième bloc étant sensible-
ment identique audit premier bloc ; et
une pluralité de troisièmes blindages ferroma-
gnétiques, chacun desdits troisièmes blocs
étant en contact direct avec son propre troisième
blindage ;
lesdits troisièmes blocs étant disposés dans un
second anneau fixé à demeure audit rotor.

9. Appareil selon la revendication 8, chacun desdits
troisièmes blocs comprenant du matériau ferrite.

10. Appareil selon la revendication 1, chacun desdits
premiers blindages comprenant une cuvette.

11. Appareil selon la revendication 6, chacun desdits
deuxièmes blindages comprenant une cuvette.

12. Appareil selon la revendication 8, chacun desdits
troisièmes blindages comprenant une cuvette.

13. Appareil selon la revendication 6, le rayon du premier
anneau étant grand par rapport aux dimensions des
premier et deuxièmes blocs, de sorte que les espa-
ces au niveau du bord extérieur soient petits par rap-
port à leurs dimensions.

14. Appareil selon la revendication 6, le premier anneau
formant un réseau annulaire ou conique-annulaire
desdits premier et deuxièmes blocs.

15. Appareil selon la revendication 6, le champ au ni-
veau de la surface de travail desdits blocs se rap-
prochant de celui d’un bloc de longueur infinie, ledit
blindage éliminant complètement l’effet d’annulation
de champ qui se produit normalement.
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