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(57) Abrege/Abstract:
The Invention relates to a radial magnetic bearing for magnetic bearing of a rotor (5), wherein the radial magnetic bearing (1,1 """, 1
') has a stator (2), whereln the stator (2) has a magnetically conductive stator element (4), arranged circulating around the rotor
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(57) Abrege(suite)/Abstract(continued):

(5), wherein the stator element (4) has recesses (10) running In the axial direction (X) of the stator element (4) in which electrical
ines (8a, 9a) from colls (8, 9) are arranged, wherein magnetic fields can be generated by the coils (8, 9) which hold the rotor (5)
suspended In an air gap (/) arranged between the rotor (5) and stator (2), wherein a softer progression of the components of
magnetic flow density in the radial direction Is achieved by design measures on the transitions from one magnetic pole to the next
magnetic pole, which results in a reduction of the eddy currents induced in the rotor (5).
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Abstract

The invention relates to a radial magnetic bearing for magnetic bearing of a rotor
(5), wherein the radial magnetic bearing (1 ',1'", 1"'"") has a stator (2), wherein the stator
(2) has a magnetically conductive stator element (4), arranged circulating around the
rotor (5), wherein the stator element (4) has recesses (10) running in the axial direction
(X) of the stator element (4) in which electrical lines (8a, 9a) from coils (8, 9) are
arranged, wherein magnetic fields can be generated by the coils (8, 9) which hold the
rotor (5) suspended 1n an air gap (7) arranged between the rotor (5) and stator (2),
wherein a softer progression of the components of magnetic flow density in the radial
direction 1s achieved by design measures on the transitions from one magnetic pole to the
next magnetic pole, which results 1n a reduction of the eddy currents induced in the rotor

(5).
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Radial_magnetic bearing for magnetic support of a rotor

FIELD OF INVENTION
The invention relates to a radial magnetic bearing for

magnetic support of a rotor. Radial magnetic bearings are used

for magnetically supporting rotors in a radial direction.

- BACKGROUND |
FIG. 1 shows a commercially-available radial magnetic bearing.

1 in the form of a schematized cross-sectionai view., The
radial magnetic beéring 1 has a statically arranged stator 2.
The stator 2 has a housing 3 and a stator element 4, which can
congist for example of a filler material or of a number of
metal sheets disposed behind one another in the axial
direction X of the stator. The stator element 4 is
| magnetically-conducting and consisté for example of a
ferromagnetic maﬁerial. The stator element 4 is disposed
running around a rotor 5. The rotor 5 consists of a
magnetically-conducting material such as' a ferromagnetic
material for example. The rotor 5 1s rotationally fixed to a
shaft 6. The shaft 6 can for example be a shaft of an electric
motor or electric generator. The shaft 6 rotates'in tﬁis case.

. during operation of the electric motor or of the electric

generator around the axis of rotation 2.

The radial magnetic bearing 1, on its side 12 of the stator
element 4 facing towards the rotor 5, has recesses runniﬁg in .
the axial direction X of the stator element 4, with only .one

recess 10 being labeled with a reference number in FIG. 1 for -
the sake of clarity. The recesses in this case are realized

open on their side facing towards the rotor and thus in the

shape of grooves. The recesses have a trapezoidal cross-

section in such cases, as shown in the exemplary embodiment
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according to FIG. 1, which does not absolutely necessarily

have to be the case. Electrical lines of coils run 1n the

recesses, wherein, for the sake of clarity, only the lines 8a

and 9a are provided with a reference number; The lines are
disposed in the recessess. Teeth are formed by the recesses in
the sfator element 4, wherein, for reasons of clarity, only
one tooth 18 1s provided with a reference number. The coils in
such cases are arranged around the teeth, wherein the current
fiows through the lines of the coils such that magnetic North
pole N and magnetic South pole S are produced. The size of the
teeth can be different in such cases, but this does not
necessarilly have to be the case, the teeth can also be the
same size. Furthermore the number of teeth can differ from

radlal bearing to radial bearing.

In FIG. 2 the stator element 4 1s shown with the coils running
around the teeth 1n a simplified perspectivé view. For the
sake of simplification in this case the number of recesses and
thus the number of the teeth and coils are reduced and all
teeth are shown as being identical in size. The same elements

are provided in FIG. 2 with the same reference characters as

in FIG. 1. For the sake of improved clarity only the two coils

8 and 9, as well as electric lines 8a and 9a of the coils 8
and 9 are provided with reference characters. The lines of the
colls run 1n the recesses and around the teeth and thus form

the teeth. The llines in such cases are usually present in the

form of wrapping wires.

Returning to FIG. 1. Magnetic flelds are created by the coils,
which hold the rotor 5 suspended in an air gap 7 disposed
between rotor 5 and stator 2. The colls are thus embodied for
the creation of magnetic fields. To control the magnetic

fields the radial magnetic bearing 1 has a control device 14,
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which actilvates, i.e. energizes, the coils accordingly to
créate the magnetic fields, this action being indicated by an
arrow 15 in FIG. 1. The radial magnetic bearing 1 has sensors
in such cases to detect the position of the rotor, which, for
the sake of clarity, are not shown in FIG. 1 and which
transfer to the control device 14 the position of the rotor in
the air gap 7 for activation of the coils, this action being
indicated in FIG. 1 by an arrow 16. The control device 14
contains regulation facilities for regulating the electrical
currents passing through the coils. The radial magnetic.

bearing 1 1s used for magnetic support of the rotor 5 and thus

of the shaft 6 connected to the rotor 5 in the radial
direction R. The radial magnetic bearing 1 is embodied for

radial magnetic support of the rotor 5.

In commerclally-available radial magnetic bearings the lines
of the coils are disposed in such cases such that, in the
‘recesses between the lines of the coils and the air gap 7 in
each case, there remains a free space running in the axial
direction X of the stator 2. For reasons of clarity only one

free space 11 1s labeled with a reference character in FIG. 1.

The rotor 5 generally consists of an electrically-conductive
ferromagnetic material which experiences a force effect
through the magnetic fields created by the stator. If the
shaft 6 and thus the rotor 5 connected to the shaft are
rotating 1n the alr gap 7, the rotor 5 is subjected to a
constant magnetic alternating field through the alternating
magnetic poles N and S of the stator 2. Eddy currents are
induced in the rotor 5 by this, which are undesired since they
restrict the dynamics of the radial magnetic bearing and cause

a thermal load to be imposed on the rotor. Since radial

magnetic bearings are frequently used for applications in
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which the rotor is rotating at a high-speed, particular
significance is attached to the reduction of the eddy currents

in radial magnetic bearings.

Ih electrical engineéfingptwo measures are known in such caseg‘
for reducing eddy currents flowing in a rotor. A first option
consists of reducing the number of)magnetic poles of the
stator. However this generally leads to a larger installation
volume, s8o that a compromise -must be found hére between the

~smallest possible number of magnetic poles and a small
‘installation volume. A further option éonsists of embodying
the rotor from thin metal sheets which are isolated from one

another.

Magnetic bearings for magnetic support of a rotor are known.
from US 7,545,066 B2 and US 2010/0187926 Al.

SUMMARY |
The object of same embodiments of the invention, for a radial magnetic bearing is

to reduce the eddy currents occurring' in the rotor.

This object may be achieved by a radial magnetic bearing for
‘magnetic support of a rotor, wherein the radial magnetic

bearing has a stator, wherein the stator has a magnetically-
conductive stator element running around the rotor, wherein
the stator element, on its sideé facing towards the rotor, has -
recesses running in the axial direction of the stator element
in which electrical lines‘of'coils are disposed, whefein

magnetic fields are able to be generated by the coils, which
hold the rotor suspendéd.in.an.air gap disposéd between rotor
and stator, wherein the lines are disposed in the recesges
such that a free'spacé remains in the recesses between the

~lines and the air gap, wherein a magnetically-conductive

'.‘filler element is disposed in the free space.
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This object may be further achieved by a radial magnetic bearing

for magnetic support of a rotor, wherein the radial magnétic

bearing has a stator, wherein the stator has a magnetically-
conducting stator element disposed running around the rotor,
whereby the stator element has recesses on its side facing |
towards the rotor in the axial direction of the stator element
'in which electric lines of coils are disposed, wherein
magnetic fields are able to be created by the coils which hold
the rotor suspended in an air gap disposed between rotor and
stator, wherein the lines are disposed in the recesses guch
that, in the recesses the lines terminate flush with the side
of the stator element facing towards the rotor, wherein on the‘
side of the stator element facing towards the rotor a ¢

" magnetically-conductive ring running around the rotor is

disposged, wherein the air gap is disposed between ring and

rotor.

 This cbject may also be further achieved by a radial magnetic bearing

for magnetic support of a rotor, wherein the radial magneﬁic
| bearing has a stator, wherein the stator has a magnetically-
conductive stator element disposed running around the rotor,
wherein the stator element has recesses running in'the axial

direction of the stator element in which electrical lines of
coils are disposed, wherein the recesses are surrounded by the

stator element in the axial direction of the statdr element,

wherein magnetic fields are able to be generated by the coils

- which hold the rotor suspended in an air gap disposed between

rotor and stator.

It has proven to be advantageous for the filler element to be
able to be'pushed into the free space in the axial direction

of the stator, since the filler element can then be introduced
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into the free space in an especially simple manner.

According to one aspect of the present invention, there 1is
provided a radial magnetic bearing for magnetic support of a
rotor, wherein the radial magnetic bearing is designed as a
heteropolar bearing, wherein the radial magnetic bearing
comprises a stator, wherein the stator comprises a
magnetically-conductive stator element arranged running around
the rotor, wherein the stator element has recesses, on its side
facing towards the rotor which extend 1in the axial direction of
the stator element in which electrical lines of coils are
disposed, wherein magnetic fields are able to be created by the
colls which hold the rotor suspended in an air gap disposed
between rotor and stator, wherein the lines are disposed 1n the
recesses such that a free space remalns 1in the recesses between
the lines and the alr gap, and wherein a magnetlcally-

conductive filler element 1s disposed 1n the free sgpace.

According to another aspect of the present i1nvention, there 1is
provided the radial magnetic bearing for magnetic support of a
rotor, wherein the radial magnetic bearing 1s designed as a
heteropclar bearing, wherein the radial magnetic bearing
comprises a stator, wherein the stator comprises a
magnetically-conductive stator element arranged running around
the rotor, wherein the stator element has recesses on 1ts side
facing towards the rotor which extend in the axial direction of
the stator element in which electrical lines of coils are
disposed, wherein magnetic fields are able to be created by the
colls which hold the rotor suspended in an air gap disposed
between rotor and stator, wherein the lines are disposed 1n
the recesses such that the lines 1in the recesses make a flush

fit with the side of the stator element facing towards the
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rotor, wherein a magnetically-conductive ring running around the
rotor is disposed on the side of the stator element facing
towards the rotor, wherein the air gap is disposed between. ring

and rotor.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the invention are shown in the drawing

and explained in greater detail below. The figured are as

follows:
FIG. 1  shows the schematicized cross-sectioﬁﬁl view of a
' xnown commercially- -available radial magnetic bearing,
FIG. 2. shows a stator element of a known commercially-

available radial magnetic bearing provided with coils
in the form of a éimplifieci perspective diagram, |

FIG. 3 shows a first embodiment of the inventive radial
magnetic bearing; '

FIG. 4 shows a filler element, |

FIG. 5 shows a second embodiment of the inventive radial

magnetic bearing, and

FIG. 6 shows a third embodlment -0f the inventive radial

magnetic bearing

DETAILED DESCRIETION

The same elements are labeled with the same reference
‘characters in the figures. |

With known commercially-available radial maginetic beafinga-, ag
. already stated, the lines of the coils are. disposed in the
recesses of the stator element such that a free space.remains

in the recesses between the lines and the air gap. Such a. free

space running in the axial direction X of the stator 2 is
labeled in FIG. 1 with the reference number 11. The coils are'

‘thus not flush with the side 12 of the stator element 4 facing

towards the rotor, l.e. not flush with the pole heads of the
magnetic North and South poles N and S. A free space 11

remains in each recess.
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FIG. 3 shows a first embodiment of an radial

magnetic bearing 1’ in the form of a schematicized diagram.
The layout and the function of the magnetic bearing
1’ in this case matches that of the known commercially-

| avallable radial magnetic bearing.1 in accordance with FIG. 1
and FIG. 2. The same elements are‘labeled in FIG. 3 with the
same reference characters as in FIG. 1 and FIG. 2. An enlarged
section of FIG. ‘1 is shown in FIG. 3. In accordance with the .
invention a magnetiéally-conductive.filler element 17 running
in the axial direction X of the stator 2 is disposed in the

. regpective free space, wherein, for the sake of élarity, only

one filler element 17 is provided with a reference character

in FIG. 3.

The filler element 17 is shown in a perspective view in

FIG. 4. The filler element consists of a magnetically-
conductive material, such as a ferromagnetic material for
example (e.g. iron) and can for example consist of the same
material as the material of the stator element 4. The filler
element is preferably flush with the lines of the coils
disposed in the recesses. Furthermore the filler element
preferably makes a flush cqhnection with the side 12 of the
statbr element 4 facing towards the rotor, so that the width

of the air gap 7 remains constant over the entire inner

circumference of the stator element 4.

The filler element is preferably able to be inserted into the
free space in the axial direction X of the stator, so that |
even after the installation of the coils into the stator
element 4, it can be introduced in a simple manner. The filler
element is prefefably thus embodied in the form of a.slider. A
magnetic gfoove seal of the recesses embodied as groovés is

‘realized with the filler element. Through the magnetic groove
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."seal realized by means of the filler elément the course of a
magnétic field is changed in air gap 7. Through the magnetic
.Qroove seal a softer course of the components of the magnetic
flux deﬁéity ruhning in the radial direction from one ﬁagnetic’f

poles the next magnetic pole is achieved, which results in -a

reduction of the eddy currents induced in the rotor.

A furthérembodiment of the radial magnetic bearing
1’’ is shown 1in FIG. 5 in the form of a schematic diagram. The
‘essentiél structure and the function of the radial:
magnetic bearing 1’’ here matches that of the known,
commercially-available radial magnetic bearing 1 in accordance’
with FIG. 1 and FIG. 2. The same elements are labeled in |
 FIG. 5 with the sanie reference characters as in FIG. 1 and

FIG. 2. Egsentially an enlarged section of FIG. 1 is shown in

FIG. 5. In the embodiment of the radial magnetic

bearing 1’’ in accordance with FIG. 5, unlike in the known
commercially-available radial magnetic bearing 1 in accordance
with FIG. 1, the recesses are flush with the side 12 of the
stator element 4 facing towards the rotor 5,.i.e. flush with
the pole heads of the magnetic North and South pole N and S.

The magnetic groove seal 1s achieved in this embodiment of the

invention by a magnetically-conductive ring 13. The
magnetically-éonductive_ring 13 is disposed on the side 12 of
the stator element 4 facing towards the rotor 5, wherein the

air gap 7 1is disposed between ring 13 and rotor 5. The ring 13

~1s a component of the stator 2. The ring 13 can in this case
for example consist of a ferromagnetic material such as e.q.
iron and for example consist of the same material as the

stator element 4. Through the ring a softer course of the
components of the magnetic flux density running in the radial
direction from one magnetic pole the next magnetic pole is'

achieved, which results in a reduction of the eddy currents
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induced in the rotor.

A further embodiment of an radial magnetic bearing
1'/’ is sthn in FIG. 6 in the form of a'schematic'g;egram.
The essential structure and the function of the '
radial.magnetic'bearing 17! here match that of the known,
commercially-available'radial magnetic bearing 1 in accordance
with FIG. 1 and FIG. 2. The same elements are labeled in

. FIG. 6 with the same reference characters as in FIG. 1 and
FIG. 2. FIG. & essentially shows an-enlarged seetion of

FIG. 1. In the embodiment of theradial magnetic

bearing 1’’’ in accordance with FIG. 6, by contrast with the

known commercially-available radial magnetic bearing 1 in

accordance with FIG. 1, the recesses are no longer open in the
direction of the rotor and thus realized in the form of
’grooves, but the recesses are surrounded in the axial
direction X of the stator element 4 by material of the stator:
element 4. For reasons of clarity only one such recess 10’ is

labeled with a reference character in FIG. 6. Through .this a

gsofter course of the components of the magnetic flux density
running in the radial direction from one magnetic pole the

- next magnetic pole is achieved, which results in a reduction

of the eddy currents induced in the rotor.

It should be noted at this point that the rotor 5 can alsco be
an integral component of the shafﬁ 6 and thus the shaft 6
together with the rotor 5 can be embodied as a one-piece
element. The rotor 18 then present in the form of the shaft.
.The external diameter of the shaft 6 in this case, at the

point at which the radial megnetic beariﬁg.is ,

dispoged, is only slightly smaller than the internal diameter.
of the stator of the radial megnetic bearing, so that only an

alr gap 1s present between stator and shaft.
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CLAIMS:
1. A radial magnetic bearing for magnetic support of a

rotor, wherein the radial magnetic bearing is designed as a
heteropolar bearing, wherein the radial magnetic bearing
comprises a stator, wherein the stator comprises a
magnetically-conductive stator element arranged running around
the rotor, wherein the stator element has recesses, on 1ts side
facing towards the rotor which extend in the axial direction of
the stator element in which electrical lines of coils are
diéposed, wherein magnetic fields are able to be created by the
coils which hold the rotor suspended in an air gap disposed
between rotor and stator, wherein the lines are disposed 1n the
recesses such that a free space remains in the recesses between
the lines and the air gap, and wherein a magnetically-

conductive filler element is disposed 1n the free space.

2. The radial magnetic bearing as claimed 1in claim 1,
wherein the filler element is able to be pushed into the free

space in the axial direction of the stator.

3. The radial magnetic bearing for magnetic support of a

rotor, wherein the radial magnetic bearing is designed as a

heteropolar bearing, wherein the radial magnetic bearing
comprises a stator, wherein the stator comprises a
magnetically-conductive stator element arranged running around

the rotor, wherein the stator element has recesses on 1ts side

facing towards the rotor which extend in the axial direction of
the stator element in which electrical lines of coils are
disposed, wherein magnetic fields are able to be created by the

coils which held the rotor suspended in an air gap disposed

between rotor and stator, wherein the lines are disposed 1in
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the recesses such that the lines in the recesses make a flush
fit with the side of the stator element facing towards the
rotor, wherein a magnetically-conductive ring running around
the rotor is disposed on the side of the stator element facing
towards the rotor, wherein the air gap is disposed between ring

and rotor.
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FIG 5

FIG 6
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