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Description
Technical Field

[0001] The presentinvention relates to axial magnetic
bearing apparatus as follows. That is, in the axial mag-
netic bearing apparatus, a rotary disc made of amagnetic
material is fixedly attached to a rotating shaft of rotating
apparatus such as an electric generator, an electric mo-
tor, or the like. Electromagnetic stators each having an
electromagnetic coil for generating magnetomotive force
are fixed to casings respectively so as to be located with
very small distances from the rotary disc. A displacement
sensor for measuring axial displacement of the rotating
shaft is provided. Magnetic attraction force is made to
act between the rotary disc and the electromagnetic sta-
tors in accordance with an output signal from the dis-
placement sensor, so as to bear the rotating shaft at a
target position distant from the electromagnetic stators
and in non-contact therewith.

Background Art

[0002] JP 05071533 A defining the preamble of claim
3 discloses an electromagnet having a thrust disc. Ven-
tilating holes are formed on the thrust disc, in a circum-
ferential direction at several positions from the outermost
diametrical position to the center position of the disc.
[0003] US 6,057,619 A defining the preamble of claim
1 discloses a magnetic thrust bearing having a disc
mounted on a shaft. A peripheral, radially outwardly
opening, annular groove is disposed in the outer periph-
ery of the thrust bearing disc to relieve stresses during
operation.

[0004] Fig. 8 shows abackground-art general example
of so-called axial magnetic bearing apparatus for bearing
a rotating shaft of rotating apparatus such as an electric
generator, an electric motor, or the like, in a thrust direc-
tion by use of magnetism. In the drawing, the reference
numeral 1 represents a rotating shaft, to which a rotary
disc 2 made of a magnetic material is fixedly attached.
The rotary disc 2 usually has sleeves 6 formed on oppo-
site sides of the rotary disc 2 so as to make the fixation
of the rotary disc 2 to the rotating shaft 1 firm. The refer-
ence numeral 10 represents each of ring-like electromag-
netic coils formed by winding coated copper wire around
the rotating shaft 1 with a required and adequate number
of turns. Each of the electromagnetic coils 10 is incorpo-
rated in an electromagnetic stator 7 having an inside
magnetic pole tooth 11 and an outside magnetic pole
tooth 12. The reference numeral 8 represents each of
ring-like housings which forms a magnetic circuit portion
for corresponding one of the electromagnetic stators 7.
The electromagnetic coils 10 are received in coil slots 9
formed symmetrically with respect to the rotation axis of
the ring-like housings 8. The electromagnetic stators 7
are paired and disposed in opposition to each other with
respect to a collar 22 so as to have suitable very small
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distances from the rotary disc 2 respectively on opposite
sides of the rotary disc 2. Thus, the electromagnetic sta-
tors 7 are attached to the casings 23.

[0005] This axial magnetic bearing apparatus is con-
trolled as follows. That is, axial displacement of the ro-
tating shaft 1 is measured by a not-shown displacement
sensor. On the basis of an output signal from this dis-
placement sensor, electric currents to the electromag-
netic coils 10 are adjusted to suitably vary magnetic at-
traction force acting between the rotating disc 2 and the
inside magnetic pole teeth 11 of the electromagnetic sta-
tors 7 and between the rotating disc 2 and the out side
magnetic pole teeth 12 of the electromagnetic stators 7.
Thus, the rotating shaft 1 is borne at a target position
distant from the electromagnetic stators 7 and in non-
contact therewith.

[0006] However, in the structure of the above-men-
tioned axial magnetic bearing apparatus generally used
in the background art, for example, magnetic circuits as
shown in Fig. 9 are formed among the two electromag-
netic stators 7a and 7b and the rotary disc 2 by selecting
the polarities of the electric currents flowing into the elec-
tromagnetic coils 10. At this time, there are two magnetic
circuits 13 formed between the respective electromag-
netic stators 7 and the rotary disc 2, and amagnetic circuit
14 formed between the two electromagnetic stators 7a
and 7b opposed to each other with respect to the rotary
disc 2. Here, the magnetic circuits 13 are magnetic cir-
cuits which contribute to magnetic attraction force re-
quired for the position control of the axial magnetic bear-
ing, but the magnetic circuit 14 is a magnetic circuit which
does not contribute to the magnetic attraction force at all.
[0007] As a result, the magnetic attraction force gen-
erated by each of the electromagnetic stators 7 decreas-
es sothatthe support stiffness of the axial magnetic bear-
ing apparatus decreases.

[0008] Incidentally, the reason why the support stiff-
ness decreases due to the generation of the magnetic
circuit 14 is, for example, disclosed in Japanese Patent
Laid-Open No. 122896/1993. Therefore, the description
of the reason is omitted here.

[0009] Thus, an invention for improving this defect is,
for example, disclosed in Japanese Patent Laid-Open
No. 122896/1993. Fig. 11 shows this background-art im-
proved axial magnetic bearing apparatus. In the drawing,
one rotary disc piece 3 made of a magnetic material has
an L-shaped sectional structure with a sleeve 6. A pair
of such rotary disc pieces 3 are opposed to each other
ontheircontra-sleeve sides, and adisc 5 of non-magnetic
material is sandwiched like a layer between the rotary
disc pieces 3. Thus, one rotary disc 2 is formed. Electro-
magnetic stators 7 are disposed respectively with suita-
ble very small distances fromthe rotary disc 2 on opposite
sides of this rotary disc 2 so as to be opposed to each
other with respect to a collar 22. Thus, the electromag-
netic stators 7 are attached to casings 23.

[0010] Accordingly, amagnetic circuit 14 which is
formed through the two electromagnetic stators 7 op-
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posed to each other with respect to the rotary disc 2 and
which does not contribute to magnetic attraction force is
eliminated. Onthe other hand, independent magnetic cir-
cuits 13 are formed between the respective electromag-
netic stators 7 and the rotary disc 2. Thus, the perform-
ance of position control of the axial magnetic bearing
apparatus is improved.

[0011] Now, generally, axial magnetic bearing appa-
ratus is often used as a support mechanism for a high-
speed rotating body. It is difficult to realize such a support
mechanism by a mechanical contact type bearing. In the
high-speed rotating body, the natural frequency of the
first-order bending mode of a rotor is important when the
dimensions and shape of the rotor are designed. It is
requested to design the rotor to have a natural frequency
as high as possible. To this end, the strength and mass
of the rotary disc 2 and the fixation stiffness between the
rotating shaft 1 and the rotary disc 2 often become critical
in the axial magnetic bearing apparatus which generally
has a maximum outer diameter in the rotor shape. It is
therefore necessary to pay close attention to the design
of the rotor shape, particularly the design of the shape
of the rotary disc 2 of the axial magnetic bearing appa-
ratus.

[0012] Generally, when a rotormakes a rotarymotion,
centrifugal force F [N] as shown in the following expres-
sion acts on the rotating body, and the magnitude thereof
is in proportion to the mass and the outer diameter of the
rotating body.

F=mro?

[0013] Provided that m designates the mass [Kg] of
the rotating body, r designates the outer radius [m] of the
rotating body, and o designates the rotation angular ve-
locity [rad/sec].

[0014] The rotary disc 2 of the above-mentioned im-
proved axial magnetic bearing apparatus (Fig. 11) in the
background art has two rotary disc pieces 3. Each of the
rotary disc pieces 3 has an L-shaped sectional structure
with a sleeve 6. The two rotary disc pieces 3 are opposed
to each other on their contra-sleeve sides, and a non-
magnetic disc 5 is sandwiched between the rotary disc
pieces 3 so as to form one rotary disc. Thus, the two
rotary disc pieces 3 and the non-magnetic disc 5 are in-
dependent of one another, and notlockedto one another.
As shown in Fig. 12, at the time of high speed rotation,
centrifugal force 24 acts on the rotary disc 2 and the non-
magnetic disc 5. Thus, the rotary disc 2 has a maximum
outer diameter at rotation-axis-direction positions of an-
gular portions 4 of the rotary disc pieces 3. As a result,
larger centrifugal force acts on the rotary disc 2 at the
positions than in any portion of the sleeves 6. Thus, max-
imum stress is generated in the angular portions 4 due
to the centrifugal force at the time of high speed rotation.
A gap 25 between the rotating shaft 1 and the rotary disc
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2 becomes maximal at the positions of the angular por-
tions 4. Thus, there arises a problem that the fixation
between the rotating shaft 1 and the rotary disc 2 is re-
tained only at a part of the sleeves 6. On the other hand,
the same thing can be applied to the non-magnetic disc
5. Since the non-magnetic disc 5 has a maximum outer
diameter, there is produced a gap between the rotating
shaft 1 and the inner diameter of the non-magnetic disc
5 so that the fixation cannot be retained perfectly.
[0015] Further, the natural frequency of the first-order
bendingmode of arotating body is generally in proportion
to the square root of the reciprocal of the rotor mass. It
is therefore advantageous that when a high-speed rota-
tion rotor is designed, the number of fixation parts result-
ing in additional mass to thereby cause the decrease in
the rotor stiffness is reduced to the utmost so that the
weight of the rotor is reduced. However, the rotary disc
2 ofthe above-mentioned background-art improved axial
magnetic bearing apparatus has a structure in which the
rotary disc 2 is divided into two pieces, and the non-mag-
netic disc 5 is added between the two rotary disc pieces
3. Thus, there has been also a problem that such a struc-
ture is disadvantageous because the number of parts is
increased, and the rotor mass is also increased.

[0016] In addition, another embodiment of the above-
mentioned background-art improved axial magnetic
bearing apparatus has a structure in which an air layer
in place of the non-magnetic disc 5 is sandwiched be-
tween the two rotary disc pieces 3. Also in this case,
similarly to the above-mentioned embodiment, the two
rotary disc pieces 3 are independent of each other and
not locked to each other. Thus, the fixation of the angular
portions 4 is spoiled due to centrifugal force at the time
of high speed rotation. As a result, a maximum gap is
generated so that the fixation between the rotating shaft
1 and the rotary disc 2 is retained only at a part of the
sleeves 6.

[0017] That s, there has been a problem that it is dif-
ficult to apply the above-mentioned background-art im-
proved axialmagnetic bearing apparatus toamechanism
for supporting a high-speed rotating body.

[0018] In addition, typically, an iron-based magnetic
material is often used for the casings 23 and the collar
22 to which the electromagnetic stators 7 are attached,
from the point of view of the manufacturing cost, the cut-
ting workability, and so on. Thus, in the structure of the
background-art axial magnetic bearing apparatus (Fig.
8), a magnetic circuit 15 as shown in Fig. 10 may be
formed. Incidentally, though not shown, also in the im-
proved thrust bearing apparatus shown in Fig. 11, a sim-
ilar magnetic circuit 15 is formed when the casings 23
and the collar 22 are formed out of an iron-based mag-
neticmaterial. Atthistime, there are two magnetic circuits
13 formed between the respective electromagnetic sta-
tors 7 and the rotary disc 2, and a magnetic circuit 15
formed among the two electromagnetic stators 7 op-
posedto each other with respect to the rotary disc 2, and
the collar22 orthe casings 23. Here, the magnetic circuits
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13 are magnetic circuits which contribute to magnetic
attraction force required for the position control of the
axial magnetic bearing, while the magnetic circuit 15 is
a magnetic circuit which does not contribute to the mag-
netic attraction force at all.

[0019] Accordingly, also in this case, the magnetic at-
traction force generated by each of the electromagnetic
stators 7 decreases so that the support stiffness of the
axial magnetic bearing decreases.

[0020] The present invention was devised to solve the
foregoing problems. An object of the invention is to pro-
vide axial magnetic bearing apparatus having a structure
in which formation of any magnetic circuit not contributing
to position control of the axial magneticbearingis relieved
or prevented to provide high efficiency and superior con-
trollability, and having a structure in which the stiffness
of a rotor is not lowered even at the time of high speed
rotation.

Disclosure of the Invention

[0021] In order to solve the above-mentioned prob-
lems, the presentinvention provides axial magnetic bear-
ing apparatus in which a rotary disc made of a magnetic
material is fixedly attached to a rotating shaft, while a pair
of electromagnetic stators in each of which a ring-like
electromagnetic coil for generating magnetomotive force
isinserted into a coil slot are fixed to casings respectively
so as to be located on opposite sides of the rotary disc
with suitable very small distances, and on the basis of
an output signal of a displacement sensor for measuring
axial displacement of the rotating shaft, magnetic attrac-
tion force is made to act between the rotary disc and each
of the electromagnetic stators so as to bear the rotating
shaftin a target position distant from the electromagnetic
stators and in non-contact therewith, wherein a deep
groove for forming an air layer having large magneto-
resistance is provided in a vicinity of an axial center of
the rotary disc so as to extend from an outer circumfer-
ential portion of the rotary disc toward the rotating shaft,
and slits large enough to increase radial magneto-resist-
ance are provided at several places in outer circumfer-
ential portions of said electromagnetic stators. In addi-
tion, according to the present invention, the above-men-
tioned deep groove is formed all over the outer circum-
ference of the above-mentioned rotary disc. According
tothe presentinvention, through holes having a slitshape
for forming an air layer having large magneto-resistance
are provided in the vicinity of an axial center of the rotary
disc so as to extend from an outer circumferential portion
ofthe rotary disc to the rotating shaft, while walls of rotary
disc pieces located on axially opposite sides of said
through holes are formed as solid walls having nothrough
hole along an axial direction of the rotating shaft.

[0022] Then, according to these configurations, mag-
netic interference between two magnetic circuits formed
by the respective electromagnetic stators is relieved. As
a result, it is possible to relieve the formation of an ab-
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normal magnetic circuit extending from one electromag-
netic stator to the other electromagnetic stator through
the rotary disc and extending from the other electromag-
netic stator to the one electromagnetic stator through the
rotor disc. Thus, electric energy supplied to the electro-
magnetic coils is effectively utilized to control the position
of the rotating shaft so that it is possible to improve the
control performance. In addition, the rotary disc is inte-
grally coupled in the portion where no deep groove or no
through hole is provided. Thus, even if maximum stress
is generated due to centrifugal force at the time of high
speed rotation in the rotation-axis-direction position of
the inner diameter of the rotary disc having a maximum
outer diameter, the stress is relieved so that the fixation
between the rotating shaft and the rotary disc is retained
surely.

[0023] Further, the mass of the rotary disc can be re-
duced by the formation of the deep groove or the through
holes, and the number of fixation parts canbe reduced.
As a result, the natural frequency of the rotor can be
increased.

[0024] Further, according to the present invention, a
distance between a surface of the rotary disc located in
a position not opposed to any one of an inside magnetic
pole tooth and an outside magnetic pole tooth of corre-
sponding one of the electromagnetic stators and a sur-
face of the corresponding electromagnetic stator op-
posed to the surface of the rotary disc is formed to be
larger than a distance between a surface of the rotary
disc located in a position opposed to each of the inside
magnetic pole tooth and the outside magnetic pole tooth
of the corresponding electromagnetic stator and a sur-
face of the corresponding electromagnetic stator op-
posed to the surface of the rotary disc. -

[0025] As a result, magnetic flux and leakage flux en-
tering the inside of the rotary disc through the surface of
rotary disc not opposed to any one of the inside magnetic
pole teeth and the outside magnetic teeth of the electro-
magnetic stators are relieved so that the magnetic flux
density in the inside magnetic pole tooth and the outside
magnetic pole tooth of each of the electromagnetic sta-
tors can be increased. Accordingly, the electric energy
supplied to the electromagnetic coils can be more effec-
tively utilized to control the position of the rotating shaft.
[0026] Further, accordingto the presentinvention, slits
large enough to increase radial magneto-resistance are
provided at several places in outer circumferential por-
tions of the electromagnetic stators. Accordingly, mag-
netic interference between two magnetic circuits formed
by the respective electromagnetic stators is relieved. As
a result, it is possible to relieve the formation of an ab-
normal magnetic circuit extending from one electromag-
netic stator to the other electromagnetic stator through
the casings or the collar and extending from the other
electromagnetic stator to the one electromagnetic stator
through the rotor disc. Thus, electric energy supplied to
the electromagnetic coils is more effectively utilized to
control the position of the rotating shaft so that it is pos-
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sible to improve the control performance.

[0027] Further, accordingto the presentinvention, out-
er circumferential grooves for forming an air layer having
large magneto-resistance are provided in a portion of
each of the outside magnetic pole teeth of the electro-
magnetic stators not opposed to the rotary disc so as to
extend axially from a side where the rotary discis located.
Accordingly, magnetic interference between two mag-
netic circuits formed by the respective electromagnetic
stators is relieved, and the magnetic flux density in the
inside magnetic pole tooth and the outside magnetic pole
tooth of each of the electromagnetic stators canbe in-
creased. As aresult, it is possible to relieve the formation
of an abnormal magnetic circuit extending from one elec-
tromagnetic stator to the other electromagnetic stator
through the casings or the collar and extending from the
other electromagnetic stator to the one electromagnetic
stator through the rotor disc. Thus, electric energy sup-
plied to the electromagnetic coils is more effectively uti-
lized to control the position of the rotating shaft so that it
is possible to improve the control performance.

[0028] Further, according to the present invention, an
outer diameter of each of the electromagnetic stators is
formed to have substantially as large as an outer diam-
eter of the rotary disc, and a ring made of a non-magnetic
material having a radial thickness enough to form a layer
with large magneto-resistance is interposed between an
outer circumferential portion of each of the electromag-
netic stators and an inner circumferential portion of cor-
responding one of the casings to which the electromag-
netic stator is attached. Accordingly, two magnetic cir-
cuits formed by the respective electromagnetic stators
are insulated from each other magnetically perfectly, and
the magnetic flux density inthe inside magnetic pole tooth
and the outside magnetic pole tooth of each of the elec-
tromagnetic stators can be increased. As a result, it is
possible to more surely prevent the formation of an ab-
normal magnetic circuit extending from one electromag-
netic stator to the other electromagnetic stator through
the casings or the collar and extending from the other
electromagnetic stator to the one electromagnetic stator
through the rotor disc. Thus, electric energy supplied to
the electromagnetic coils is more effectively utilized to
control the position of the rotating shaft so that it is pos-
sible to improve the control performance.

[0029] Further, according to the present invention, a
collar made of a non-magnetic material for relativelypo-
sitioning where the pair of electromagnetic stators are
attached is provided between the pair of electromagnetic
stators. Accordingly, two magnetic circuits formed by the
respective electromagnetic stators are insulated from
each othermagnetically. As a result, itis possible to more
surely prevent the formation of an abnormal magnetic
circuit extending from one electromagnetic stator to the
other electromagnetic stator through the collar and ex-
tending from the other electromagnetic stator to the one
electromagnetic stator through the rotor disc. Thus, elec-
tric energy supplied to the electromagnetic coils is effec-
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tively utilized to control the position of the rotating shaft
so that it is possible to improve the control performance.

Brief Description of the Drawings
[0030]

Fig. 1 is a sectional view showing Mode 1 for carrying
out axial magnetic bearing apparatus according to
the present invention.

Fig. 2A is a sectional view showing Mode 2 for car-
rying out the axial magnetic bearing apparatus ac-
cording to the present invention, and Fig. 2B is a
sectional view taken on line X-X in Fig. 2A.

Fig. 3is a sectional view showing Mode 3 for carrying
out the axial magnetic bearing apparatus according
to the present invention.

Fig. 4A is a sectional view showing Mode 4 for car-
rying out the axial magnetic bearing apparatus ac-
cording to the present invention, and Fig. 4B is a
sectional view taken on line X-Xin Fig. 4A.

Fig. 5is a sectional view showing Mode 5 for carrying
out the axial magnetic bearing apparatus according
to the present invention.

Fig. 6A is a sectional view showing Mode 6 for car-
rying out the axial magnetic bearing apparatus ac-
cording to the present invention, and Fig. 6B is a
sectional view taken on line X-X in Fig. 6A.

Fig. 7 is a sectional view showing Mode 7 for carrying
out the axial magnetic bearing apparatus according
to the present invention.

Fig. 8 is a sectional view showing background-art
axial magnetic bearing apparatus.

Fig. 9 is a sectional view for explaining a defect of
the background-art axial magnetic bearing appara-
tus.

Fig. 10 is a sectional view for explaining another de-
fect of the background-art axial magnetic bearing ap-
paratus.

Fig. 11 is a sectional view showing another back-
ground-art axial magnetic bearing apparatus.

Fig. 12 is a diagram showing the deformation of the
structure of the other background-art axial magnetic
bearing apparatus at the time of high speed rotation.

Best Mode for Carrying Out the Invention

[0031] Modesforcarrying outthe presentinvention will
be described below in detail with reference to Figs. 1 to
7. Mode 1.

[0032] Fig. 1 is a sectional view showing Mode 1 for
carrying out axial magnetic bearing apparatus according
to the present invention. Ring-like coil slots 9 are formed
symmetrically with respect to the rotation axes of ring-
like housings 8 respectively formed out of a magnetic
material which is superior in magnetic property. Ring-like
electromagnetic coils 10 for generating magnetomotive
force are inserted into the respective coil slots 9 so as to
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form electromagnetic stators 7 respectively. A rotary disc
2 made of a magnetic material is fixedly attached to a
rotating shaft 1. The above-mentioned electromagnetic
stators 7 are disposed respectively on opposite sides of
the rotary disc 2 with suitable very small distances from
the rotary disc 2. Sleeves 6 to be fixedly attached to the
rotating shaft 1 are provided on opposite sides of the
rotary disc 2. A deep groove 16 is formed in the vicinity
of the axial center of the rotary disc 2 so as to cover the
outer circumference of the rotary disc 2 and to extend
through the positions of inside magnetic pole teeth 11 of
the electromagnetic stators 7 up to the vicinities of posi-
tions short of the inner circumferential positions of the
sleeves 6. Incidentally, an air layer formed by this deep
groove 16 is formed with a certain suitable width in the
axial direction so as to have sufficiently large magneto-
resistance.

[0033] By selecting the polarities of electric currents
flowing into the electromagnetic coils 10, for example,
two magnetic circuits 13 are formed between the elec-
tromagnetic stators 7 and the rotary disc 2 as shown in
Fig. 1. The rotating shaft 1 is controlled as follows. That
is, axial displacement of the rotating shaft 1 is detected
by a not-shown displacement sensor. An output signal
from the displacement sensor is supplied to a not-shown
magnetic bearing control unit. Control currents are ap-
plied fromthe control unitto the two electromagnetic coils
10. Thus, magnetic attraction force is generated between
the rotary disc 2 and the electromagnetic stators 7 so as
to bear the rotating shaft 1 at a target position distant
from the electromagnetic stators 7 and in non-contact
therewith.

[0034] Then, as a characteristic portion of the present
invention, the deep groove 16 is provided near the axial
center of the rotary disc 2 fixedly attached to the rotating
shaft 1, so as to cover the outer circumference of the
rotary disc 2. The inner diameter of the deep groove 16
is formed to be smaller than the inner diameter of each
of the inside magnetic pole teeth11.

[0035] Duetothisdeep grove 16, an airlayeris formed
with a certain suitable width in the axial direction so as
to have sufficiently large magneto-resistance. Accord-
ingly, the one magnetic circuit 13 formed by the electro-
magnetic stator 7a and the rotary disc 2 and the other
magnetic circuit 13 formed by the electromagnetic stator
7b and the rotary disc 2 are insulated from each other
magnetically. As a result, formation of an abnormal mag-
netic circuit designated by the reference numeral 14 in
Fig. 9 can be relieved without increasing the number of
parts, and a magnetic circuit is made independent for
each of the electromagnetic stators 7a and 7b. Thus, the
electric energy supplied to the electromagnetic coils 10
can be used effectively for position control of the rotating
shaft 1.

[0036] In addition, the two rotary disc pieces 3 are in-
tegrally coupled in the bottom portion of the deep groove
16. Therefore, even if maximum stress is generated due
to centrifugal force in the rotation-axis-direction positions
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of the angular portions 4 where the rotary disc 2 has a
maximum outer diameter at the time of high speed rota-
tion, the stress is relieved so that the fixation between
the rotating shaft 1 and the rotary disc 2 is always held.
[0037] Further, the mass of the rotary disc 2 can be
reduced by the formation of the deep groove 16, and the
number of fixation parts can be also reduced. As a result,
the natural frequency of a rotor which might cause a prob-
lem at the time of high speed rotation can be increased.
Thus, it can be made easy to design the rotor.

[0038] Furthermore,the deep groove 16 canbeformed
easily with a lathe or the like. Thus, the workability is
excellent Mode 2.

[0039] Fig. 2A is a sectional view showing Mode 2 for
carrying out the axial magnetic bearing apparatus ac-
cordingtothe present invention, and Fig. 2B is a sectional
view taken on line X-X in Fig. 2A. Incidentally, in this
Mode 2, the structure of the rotary disc 2 in the above-
mentioned Mode 1 is modified. That is, in this Mode 2,
as shown in Figs. 2A and 2B, the rotary disc 2 has, on
its opposite sides, sleeves 6 to be fixedly attached to the
rotating shaft 1. Slit-like through holes 17 extending from
the outer circumferential portion of the rotary disc 2 to
the outer circumferential portion of the rotating shaft 1
are provided at several places in the vicinity of the axial
center of the rotary disc 2. Incidentally, these through
holes 17 are formed in positions where the through holes
17 do not unbalance the rotary disc 2 when the rotary
disc 2 rotates at a high speed. In addition, an air layer
formed by each of these slit-like through holes 17 is
formed with a certain suitable diameter to have sufficient-
ly large magneto-resistance. In addition, in Fig. 2B, the
reference numeral 17a represents a portion 17a where
no slit-like through hole 17 is provided. The portion 17a
plays a role of connection between rotary disc pieces 3
and 3. Incidentally, the other configuration is similar to
thatinMode 1, and hence description thereof will be omit-
ted.

[0040] By selecting the polarities of electric currents
flowing into the electromagnetic coils 10, for example,
two magnetic circuits 13 are formed between the elec-
tromagnetic stators 7 and the rotary disc 2 as shown in
Figs. 2A and 2B. Means for position control of the rotating
shaft 1 is similar to that in Mode 1.

[0041] Then, as a characteristic portion of the present
invention, the slit-like through holes 17 are provided in
the vicinity of the axial center of the rotary disc 2 fixedly
attached to the rotating shaft 1, and at several places in
the outer diameter portion of the rotary disc 2. An air layer
formed by these slit-like through holes 17 is formed with
a certain suitable diameter so as to have sufficiently large
magneto-resistance. Accordingly, the magnetic circuit
formed by the electromagnetic stator 7a and the rotary
disc 2 and the magnetic circuit formed by the electromag-
netic stator 7b and the rotary disc 2 are relieved from
magnetic interference. As a result, formation of an ab-
normal magnetic circuit designated by the reference nu-
meral 14 in Fig. 9 can be relieved without increasing the
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number of parts, and magnetic circuits formed by the
electromagnetic stators 7a and 7b are made independent
of each other. Thus, the electric energy supplied to the
electromagnetic coils 10 can be used effectively for po-
sition control of the rotating shaft 1.

[0042] Inaddition,the rootportion wherethe rotary disc
2 has a maximum diameter portion is integrated with the
portions 17a where no slit-like through holes 17 are pro-
vided. Therefore, even if maximum stress is generated
due to centrifugal force in the rotation-axis-direction po-
sitions of the angular portions 4 where the rotary disc 2
has a maximum outer diameter at the time of high speed
rotation, the stress is relieved so that the fixation between
the rotating shaft 1 and the rotary disc 2 is always held.
[0043] Further, the mass of the rotary disc 2 can be
reduced by the formation of the slit-like through holes 17,
and the number of fixation parts canbe reduced. As a
result, the natural frequency of a rotor which might cause
a problem when the rotor is rotating at a high speed can
be increased. Thus, design of the rotor can be made
easy.

Mode 3.

[0044] Fig. 3 is a sectional view showing Mode 3 for
carrying out the axial magnetic bearing apparatus ac-
cordingtothe presentinvention. Inthis Mode 3, the struc-
ture of the rotary disc 2 in the above-mentioned Mode 1
is improved partially.

[0045] Thatis, in this mode, electromagnetic stators 7
are located on opposite sides of the rotary disc 2 in each
of Fig. 1 and Figs. 2A and 2B so as to have suitable very
small distances from the rotary disc 2 on the opposite
sides respectively. The distance between the surface of
the rotary disc 2 not opposed to any one of an inside
magnetic pole tooth 11 and an outside magnetic pole
tooth 12 of each electromagnetic stator 7 and the corre-
sponding surface of the electromagnetic stator 7 op-
posed to this surface of the rotary disc 2 is formed to be
largerthan the distance between the surface of the rotary
disc 2 opposed to the inside magnetic pole tooth 11 and
the outside magnetic pole tooth 12 of the electromagnetic
stator 7 and the corresponding surface of the electro-
magnetic stator 7 opposed to this surface of the rotary
disc 2. In otherwords, a ring-like recess portion is formed
in the surface of the rotary disc 2 not opposedto any one
of an inside magnetic pole tooth 11 and an outside mag-
netic pole tooth 12 of each electromagnetic stator 7 so
that the surface of the rotary disc 2 not opposed to the
inside magnetic pole tooth 11 and the outside magnetic
poletooth 12 of the electromagnetic stators 7 has ashape
depressed deeper than the surface of the rotary disc 2
opposed to the inside magnetic pole tooth 11 and the
outside magnetic pole tooth 12 of the electromagnetic
stator 7. Incidentally, in Fig. 3, the symbol A designates
a portion which shows visually the state that magnetic
flux is concentrated between the surface of the rotary
disc 2 opposed to the inside magnetic pole tooth 11 of
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each electromagnetic stators 7 and the inside magnetic
pole tooth 11 ofthe electromagnetic stator 7 and between
the surface of the rotary disc 2 opposed to the corre-
sponding outside magnetic pole tooth 12 of the electro-
magnetic stator 7 and the outside magnetic pole tooth
12. of the electromagnetic stator 7 due to the above-men-
tioned structure. Incidentally, the other configuration is
similar to that in Mode 1, and hence description thereof
will be omitted.

[0046] By selecting the polarities of electric currents
flowing into the electromagnetic coils 10, for example,
two magnetic circuits 13 are formed between the elec-
tromagnetic stators 7 and the rotary disc 2 as shown in
Fig. 3. Means for position control of the rotating shaft 1
is similar to that in Mode 1.

[0047] Then, as a characteristic portion of the present
invention, the electromagnetic stators 7 are located on
opposite sides of the rotary disc 2 fixedly attached to the
rotating shaft 1 so as to have suitable very small distanc-
es from the rotary disc 2 on the opposite sides respec-
tively, and the distance between the surface of the rotary
disc 2 not opposed to any one of the inside magnetic pole
tooth 11 and the outside magnetic pole tooth 12 of each
electromagnetic stators 7 and the surface of the electro-
magnetic stator 7 opposed to this surface of the rotary
disc 2 is formed to be larger than the distance between
the surface of the rotary disc 2 opposed to the inside
magnetic pole tooth 11 and the outside magnetic pole
tooth 12 of the electromagnetic stator 7 and the surface
of the electromagnetic stator 7 opposed to this surface
of the rotary disc 2. By the difference between these sur-
face distances, magnetic flux and leakage flux entering
the inside of the rotary disc 2 through the surface of the
rotary disc 2 not opposed to any one of the inside mag-
netic pole tooth 11 and the outside magnetic pole tooth
12 of each electromagnetic stator 7 are relieved. Thus,
magnetic flux generated by each electromagnetic stator
7 can enter the inside of the rotary disc 2 efficiently only
through the surface of the rotary disc 2 opposed to the
inside magnetic pole tooth 11 and the outside magnetic
pole tooth 12 of the electromagnetic stator 7. As a result,
the magnetic flux density in each inside magnetic pole
tooth 11 and the corresponding outside magnetic pole
tooth 12 can be enhanced without increasing the number
of parts. Thus, the electric energy supplied to the elec-
tromagnetic coils 10 can be used more effectively for
position control of the rotating shaft 1.

[0048] Incidentally, the characteristic configuration of
this Mode 3 can be also combined with the configuration
shown in Mode 2.

Mode 4.

[0049] Fig. 4A is a sectional view showing Mode 4 for
carrying out the axial magnetic bearing apparatus ac-
cordingtothe present invention, and Fig. 4B is a sectional
view taken on line X-X in Fig. 4A. Incidentally, in this
Mode 4, the structure of the electromagnetic stators 7 in



13 EP 1 223 357 B1 14

the above-mentioned Mode 1 is modified partially.
[0050] That is, in this mode, slits 18 are provided at
several places inthe outer circumferential portion of each
electromagnetic stator 7 so as to cover the axial length
of the electromagnetic stator 7. Incidentally, each of
these slits 18 is formed with a certain suitable radial depth
sothatan airlayerformed by these slits 18 has sufficiently
large magneto-resistance. In addition, the number of the
slits 18 and the circumferential length of each slit 18 are
determined suitably so that contact portions between
each electromagnetic stator 7 and the corresponding
casing 23 are reduced to the utmost, that is, to an extent
allowable in attachment strength. Incidentally, the other
configuration is similar to that in Mode 1, and hence de-
scription thereof will be omitted.

[0051] By selecting the polarities of electric currents
flowing into the electromagnetic coils 10, for example,
two magnetic circuits 13 are formed between the elec-
tromagnetic stators 7 and the rotary disc 2 as shown in
Figs. 4A and 4B. Means for position control of the rotating
shaft 1 is similar to that in Mode 1.

[0052] Then, as a characteristic portion of the present
invention, the slits 18 are provided at several places in
the outer circumferential portion of each electromagnetic
stator 7 disposed with a suitable very small distance from
the rotary disc 2 on corresponding one of opposite sides
of the rotary disc 2 . Each of these slits 18 is formed with
a certain suitable radial depth so that an air layer formed
by these slits 18 has sufficiently large magneto-resist-
ance. In addition, the number of the slits 18 and the cir-
cumferential length of each slit 18 are determined suita-
bly so that contact portions between each electromag-
netic stator 7 and the corresponding casing 23 are re-
duced to the utmost, that is, to an extent allowable in
attachment strength. Accordingly, generation of a mag-
netic circuit not contributing to magnetic attraction force
formed among the two electromagnetic stators 7 op-
posed to each other with respect to the rotary disc 2, the
collar 22 generally made of an iron-based magnetic ma-
terial, and the casings 23 is relieved. As a result, the one
magnetic circuit formed by the electromagnetic stator 7a
and the rotary disc 2 and the other magnetic circuit
formed by the electromagnetic stator 7b and the rotary
disc 2 are insulated from each other magnetically. Ac-
cordingly, formation of an abnormal magnetic circuit des-
ignated by the reference numeral 15 in Fig. 10 can be
relieved more without increasing the number of parts.
Thus, the electric energy supplied to the electromagnetic
coils 10 can be used more effectively for position control
of the rotating shaft 1.

[0053] Incidentally, the characteristic configuration of
this Mode 4 can be combined with the configuration
shown in Mode 2 or Mode 3.

Mode 5.

[0054] Fig. 5 is a sectional view showing Mode 5 for
carrying out the axial magnetic bearing apparatus ac-
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cording to the present invention. Inthis Mode 5, the struc-
ture of the electromagnetic stators 7 in the above-men-
tioned Mode 1 is improved patrtially.

[0055] Thatis, in this mode, ring-like outer circumfer-
ential grooves 19 are provided respectively in the por-
tions of the outer magnetic pole teeth 12 of the electro-
magnetic stators 7 not opposed to the rotary disc 2, so
as to extend axially from the side where the rotary disc
2 is located. Each of these outer circumferential grooves
19 is formed with a certain suitable radial thickness so
that an air layer formed by the outer circumferential
grooves 19 has sufficiently large magneto-resistance. In
addition, the axial depth of each outer circumferential
groove 19issecuredto an extent allowablein attachment
strength, so that the radial magneto-resistance in the out-
er circumferential groove bottom portion 20 of the corre-
sponding electromagnetic stator 7 can be increased suf-
ficiently. Incidentally, the other configuration is similar to
thatin Mode 1, and hence description thereof will be omit-
ted.

[0056] By selecting the polarities of electric currents
flowing into the electromagnetic coils 10, for example,
two magnetic circuits 13 are formed between the elec-
tromagnetic stators 7 and the rotary disc 2 as shown in
Fig. 5. Means for position control of the rotating shaft 1
is similar to that in Mode 1.

[0057] Then, as a characteristic portion of the present
invention, the electromagnetic stators 7 are disposed on
opposite sides of the rotary disc 2 so as to have suitable
very smalldistances fromthe rotary disc 2 onthe opposite
sides respectively, and the outer circumferential grooves
19 are provided respectively in the portions of the outer
magnetic pole teeth 12 of the electromagnetic stators 7
not opposed to the rotary disc 2, so as to extend axially
from the side where the rotary disc 2 is located. Each of
these outer circumferential grooves 19 is formed with a
certain suitable radial thickness so that an air layer
formed by these outer circumferential grooves 19 has
sufficiently largemagneto-resistance. In addition, the ax-
ial depth of each outer circumferential groove 19 is se-
cured to an extent allowable in attachment strength, so
that the radial magneto-resistance in the outer circum-
ferential groove bottom portion 20 of the corresponding
electromagnetic stator 7 can be increased sufficiently.
Accordingly, generation of a magnetic circuit not contrib-
uting to magnetic attraction force formed among the two
electromagnetic stators 7 opposed to each other with re-
spect to the rotary disc 2, the collar 22 generally made
of an iron-based magnetic material, and the casings 23
is relieved. In addition, because the outer circumferential
grooves 19 are provided respectively in the portions of
the outside magnetic pole teeth 12 of the electromagnetic
stators 7 not opposed to the rotary disc 2, the magnetic
flux density in the outside magnetic pole tooth 12 of each
electromagnetic stator 7 is enhanced. As a result, the
one magnetic circuitformedby the electromagnetic stator
7a and the rotary disc 2 and the other magnetic circuit
formed by the electromagnetic stator 7b and the rotary
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disc 2 are insulated from each other magnetically. Ac-
cordingly, formation of an abnormal magnetic circuit des-
ignated by the reference numeral 15 in Fig. 10 can be
relieved more without increasing the number of parts.
Thus, the electric energy supplied to the electromagnetic
coils 10 can be usedmore effectively for position control
of the rotating shaft 1.

[0058] Incidentally, the characteristic configuration of
this Mode 5 can be also combined with the configuration
shown in Mode 2 or Mode 3. Further, if mechanical stiff-
ness can be kept, the characteristic configuration of this
Mode 5 can be also combined with the configuration
shown in Mode 4.

Mode 6.

[0059] Fig. 6A is a sectional view showing Mode 6 for
carrying out the axial magnetic bearing apparatus ac-
cordingtothe presentinvention, and Fig. 6B is a sectional
view taken on line X-X in Fig. 6A. In this Mode 4, the
structure of the electromagnetic stators 7 in the above-
mentioned Mode 1 is improved partially. In this Mode 6,
the structure of the electromagnetic stators 7 in the
above-mentioned Mode 1 is improved partially.

[0060] Thatis, inthis mode, the outer diameter of each
of the electromagnetic stators 7 is formed to be substan-
tially as large as the outer diameter of the rotary disc 2,
and rings 21 made of a non-magnetic material are at-
tached to the outer diameter portions of the two electro-
magnetic stators 7. Incidentally, the non-magnetic rings
21 attached between the inner circumferential portions
of the casings 23 and the outer circumferential portions
of the electromagnetic stators 7 respectively are formed
with a certain suitable radial thickness so as to have suf-
ficiently large magneto-resistance. Incidentally, the other
structure is similar to that in Mode 1, and hence descrip-
tion thereof will be omitted.

[0061] By selecting the polarities of electric currents
flowing into the electromagnetic coils 10, for example,
two magnetic circuits 13 are formed between the elec-
tromagnetic stators 7 and the rotary disc 2 as shown in
Figs. 6A and 6B. Means for position control of the rotating
shaft 1 is similar to that in Mode 1.

[0062] Then, as a characteristic portion of the present
invention, the outer diameter of the electromagnetic sta-
tor 7 disposed on each of opposite sides of the rotary
disc 2 so as to have a suitable very small distance there-
from is formed to be substantially as large as the outer
diameter of the rotary disc 2, and the rings 21 made of a
non-magnetic material are attachedto the outer diameter
portions of the two electromagnetic stators 7. The non-
magnetic ring 21 attached between the inner diameters
of the casings 23 and the outer diameters of the electro-
magnetic stators 7 are formed with a certain suitable ra-
dial thickness so as to have sufficiently large magneto-
resistance. Accordingly, generation of a magnetic circuit
not contributing to magnetic attraction force formed
among the two electromagnetic stators 7 opposed to
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each other with respect to the rotary disc 2, the collar 22
generally made of an iron-based magnetic material, and
the casings 23 is prevented. In addition, because the
outer diameter of each electromagnetic stator 7 is formed
to be substantially as large as the outer diameter of the
rotary disc 2, the magnetic flux density in the outside
magnetic pole tooth 12 of the electromagnetic stator 7
can be enhanced. As a result, the one magnetic circuit
formed by the electromagnetic stator 7a and the rotary
disc 2 and the other magnetic circuit formed by the elec-
tromagnetic stator 7b and the rotary disc 2 are insulated
from each other magnetically perfectly. Accordingly, for-
mation of an abnormal magnetic circuit designated by
the reference numeral 15 in Fig. 10 can be prevented
more surely. Thus, the electric energy supplied to the
electromagnetic coils 10 can be used more effectively
for position control of the rotating shaft 1.

[0063] Incidentally, the characteristic configuration of
this Mode 6 can be combined with the configuration
shown in any one of Modes 2 to 5.

Mode 7.

[0064] Fig. 7 is a sectional view showing Mode 7 for
carrying out the axial magnetic bearing apparatus ac-
cording to the present invention. In this Mode 7, the collar
22 for relatively positioning the attachment of the two
electromagnetic stators 7 in the above-mentioned Mode
1 is improved.

[0065] Thatis, in this mode, a collar 22 made of a hon-
magnetic material is provided between the two electro-
magnetic stators 7 disposed on opposite sides of the ro-
tary disc 2 so as to have suitable very small distances
from the rotary disc 2 on the opposite sides respectively.
Incidentally, the other configuration is similar to that in-
Mode 1, and hence description thereof will be omitted.
[0066] By selecting the polarities of electric currents
flowing into the electromagnetic coils 10, for example,
two magnetic circuits 13 are formed between the elec-
tromagnetic stators 7 and the rotary disc 2 as shown in
Fig. 7. Means for position control of the rotating shaft 1
is similar to that in Mode 1.

[0067] Then, as a characteristic portion of the present
invention, the collar 22 made of a non-magnetic material
is provided between the two electromagnetic stators 7
disposed on opposite sides of the rotary disc 2 so as to
have suitable very small distances from the rotary disc 2
on the opposite sides respectively. Since the collar 22 is
formed out of a non-magnetic material, generation of a
magnetic circuit not contributing to magnetic attraction
force formed between the collar 22 and the two electro-
magnetic stators 7 opposed to each other with respect
to the rotary disc 2 is prevented. Accordingly, the one
magnetic circuit formed by the electromagnetic stator 7a
and the rotary disc 2 and the other magnetic circuit
formed by the electromagnetic stator 7b and the rotary
disc 2 are insulated form each other magnetically per-
fectly. Thus, formation of an abnormal magnetic circuit
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(an abnormal magnetic circuit formed between the elec-
tromagnetic stators 7 and the collar 22) can be prevented
more surely without any increase in the number of parts.
Thus, the electric energy supplied to the electromagnetic
coils 10 can be used more effectively for position control
of the rotating shaft 1. In addition, attachment of both the
electromagnetic stators 7 can be relatively positioned
easily by use of the collar 22 so that the assembly per-
formance is improved.

[0068] Incidentally, the characteristic configuration of
this Mode 7 can be also combined with the configuration
shown in any one of Mode 2 to Mode 6.

[0069] In addition, the present invention is not limited
to the above-mentioned respective modes, but includes
a wide variety of other modifications. The present inven-
tion has a feature in that the two electromagnetic stators
7 are relieved or prevented from magnetic interference,
and the stiffness of a rotor is prevented from being low-
ered even at the time of high speed rotation. Therefore,
for example, in Mode 2, the slit-like through holes 17 for
forming an air layer having large magneto-resistance are
provided from the outer diameter portion of the rotary
disc 2, to the vicinity of the axial center of the rotary disc
2. However, in place of these slit-like through holes 17,
circularthrough holes may be provided at several places
to extend from the outer circumferential portion of the
rotary disc 2. In this case, since the through holes can
be formed easily with a drill or the like, the workability is
good. Alternatively, in Mode 2, not always by through
holes, but by a deep groove which is deeper than the
inner diameter of each of the inside magnetic pole teeth
11 of the electromagnetic stators 7 and which does not
reach the outer circumferential portion of the rotating
shaft 1, it is also possible to attain the intended objects.
[0070] As described above, according to the structure
of axial magnetic bearing apparatus inthe presentinven-
tion, a deep groove or through holes for forming an air
layer having large magneto-resistance are provided in
the vicinity of the axial center of a rotary disc so as to
extend from the outer circumferential portion of the rotary
disc toward the above-mentioned rotating shaft. Accord-
ingly, by the effect of the deep groove or the through
holes, two magnetic circuits formed by respective elec-
tromagnetic stators are insulated from each other mag-
netically. As a result, formation of an abnormal magnetic
circuit can be relieved. Thus, electric energy supplied to
electromagnetic coils is effectively utilized for position
control of the rotating shaft so that the control perform-
ance can be improved. In addition, the rotary disc is in-
tegrally coupled in the bottom portion of the deep groove
orthe portion where no through hole is provided. Accord-
ingly, even if maximum stress is generated due to cen-
trifugal force in the rotation-axis-direction positions of the
inner diameters of the rotary disc having a maximum out-
er diameter at the time of high speed rotation, the stress
is relieved. Thus, the fixation between the rotating shaft
and the rotary disc is retained surely.

[0071] Further, the mass of the rotary disc can be re-
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duced by the formation of the deep groove or the through
holes, and the numberof fixation parts can be reduced.
As a result, the natural frequency of the rotor can be
increased.

[0072] Further, according to the present invention, a
distance between a surface of the rotary disc located in
a position not opposed to any one of an inside magnetic
pole tooth and an outside magnetic pole tooth of corre-
sponding one of the electromagnetic stators and a sur-
face of the corresponding electromagnetic stator op-
posed to the surface of the rotary disc is formed to be
larger than a distance between a surface of the rotary
disc located in a position opposed to each of the inside
magnetic pole tooth and the outside magnetic pole tooth
of the corresponding electromagnetic stator and a sur-
face of the corresponding electromagnetic stator op-
posedtothe surface of the rotary disc. Accordingly, mag-
netic flux entering the inside of the rotary disc through
the surface of rotary disc not opposed to any one of the
inside magnetic pole teeth and the outside magnetic
teeth of the electromagnetic stators, and leakage flux es-
caping to an atmosphere are relieved, so that the mag-
netic flux density in the inside magnetic pole tooth and
the outside magnetic pole tooth of each of the electro-
magnetic stators can be increased. Accordingly, the elec-
tric energy supplied to the electromagnetic coils can be
more effectively utilized to control thepositionof the ro-
tating shaft.

[0073] Further, accordingtothe presentinvention, slits
large enough to increase radial magneto-resistance are
provided at several places in outer circumferential por-
tions of the electromagnetic stators. Accordingly, mag-
netic interference between two magnetic circuits formed
by the respective electromagnetic stators is relieved. As
a result, it is possible to relieve the formation of an ab-
normal magnetic circuit . Thus, electric energy supplied
to the electromagnetic coils is more effectively utilized to
control the position of the rotating shaft so that it is pos-
sible to improve the control performance.

[0074] Further, according to the present invention, an
outer circumferential groove for forming an air layer hav-
ing large magneto-resistance is provided in a portion of
each of the outside magnetic pole teeth of the electro-
magnetic stators not opposed to the rotary disc so as to
extend axially from a side where the rotary disc is located.
Accordingly, magnetic interference between two mag-
netic circuits formed by the respective electromagnetic
stators is relieved, and the magnetic flux density in the
inside magnetic pole tooth and the outside magnetic pole
tooth of each of the electromagnetic stators can be in-
creased. As aresult, itis possible to relieve the formation
of an abnormal magnetic circuit. Thus, electric energy
supplied to the electromagnetic coils is more effectively
utilized to control the position of the rotating shaft so that
it is possible to improve the control performance.
[0075] Further, according to the present invention, an
outer diameter of each of the electromagnetic stators is
formed to have substantially as large as an outer diam-
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eter of the rotary disc, and a ring made of a non-magnetic
material having a radial thickness enough to form a layer
with large magneto-resistance is interposed between an
outer circumferential portion of each of the electromag-
netic stators and an inner circumferential portion of cor-
responding one of the casings to which the electromag-
netic stator is attached. Accordingly, two magnetic cir-
cuits formed by the respective electromagnetic stators
are insulated from each other magnetically perfectly, and
the magneticflux density inthe inside magnetic pole tooth
and the outside magnetic pole tooth of each of the elec-
tromagnetic stators can be increased. As a result, it is
possible to more surely prevent the formation of an ab-
normal magnetic circuit extending from one electromag-
netic stator to the other electromagnetic stator through
the casings or the collar and extending from the other
electromagnetic stator to the one electromagnetic stator
through the rotor disc. Thus, electric energy supplied to
the electromagnetic coils is more effectively utilized to
control the position of the rotating shaft so that it is pos-
sible to improve the control performance.

[0076] Further, according to the present invention, a
collar made of a non-magnetic material for relatively po-
sitioning where the pair of electromagnetic stators are
attached is provided between the pair of electromagnetic
stators. Accordingly, two magnetic circuits formed by the
respective electromagnetic stators are insulated from
each other magnetically. As a result, itis possible to more
surely prevent the formation of an abnormal magnetic
circuit extending from one electromagnetic stator to the
other electromagnetic stator through the collar and ex-
tending from the other electromagnetic stator to the one
electromagnetic stator through the rotor disc. Thus, elec-
tric energy supplied to the electromagnetic coils is effec-
tively utilized to control the position of the rotating shaft
so that it is possible to improve the control performance.

Industrial Applicability

[0077] Asdescribed above, axial magnetic bearing ap-
paratus according to the present invention is suitable for
use in bearing of a rotating shaft, particularly a rotating
shaft which rotates at a high speed, of rotating apparatus
such as an electric generator, an electric motor, or the
like.

Claims

1. Axial magnetic bearing apparatus in which a rotary
disc (2) made of a magnetic material is fixedly at-
tached to a rotating shaft (1), while a pair of electro-
magnetic stators (7) in each of which a ring-like elec-
tromagnetic coil (10) for generating magnetomotive
force isinserted into a coil slot (9) are fixed to casings
(23) respectively so as to be located on opposite
sides of said rotary disc (2) with suitable very small
distances, and on the basis of an output signal of a
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displacement sensor for measuring axial displace-
ment of said rotating shaft (1), magnetic attraction
force is made to act between said rotary disc (2) and
each of said electromagnetic stators (7) so asto bear
said rotating shaft (1) in atarget position distant from
said electromagnetic stators (7) and in non-contact
therewith, a deep groove (16) for forming an air layer
having large magneto-resistance being provided in
a vicinity of an axial center of said rotary disc (2) so
as to extend from an outer circumferential portion of
said rotary disc (2) toward said rotating shaft (1), said
axial magnetic bearing apparatus being character-
ized in that slits (18) large enough to increase radial
magneto-resistance are provided at several places
in outer circumferential portions of said electromag-
netic stators (7).

The axial magnetic bearing apparatus according to
claim 1, characterized in that said deep groove (16)
is formed all over the outer circumference of said
rotary disc (2).

Axial magnetic bearing apparatus in which a rotary
disc (2) made of a magnetic material is fixedly at-
tached to a rotating shaft (1), while a pair of electro-
magnetic stators (7) in each of which a ring-like elec-
tromagnetic coil (10) for generating magnetomotive
force is inserted into a coil slot (9) are fixed to casings
(23) respectively so as to be located on opposite
sides of said rotary disc (2) with suitable very small
distances, and on the basis of an output signal of a
displacement sensor for measuring axial displace-
ment of said rotating shaft (1), magnetic attraction
force is made to act between said rotary disc (2) and
each of said electromagnetic stators (7) so asto bear
said rotating shaft (1) in atarget position distant from
said electromagnetic stators (7) and in non-contact
therewith, through holes (17) having a slit shape for
forming an air layer having large magneto-resistance
being provided in a vicinity of an axial center of said
rotary disc (2) so as to extend from an outer circum-
ferential portion of said rotary disc (2) to said rotating
shaft (1), said thrust magnetic bearing apparatus be-
ing characterized in that walls of rotary disc pieces
(8) located on axially opposite sides of said through
holes (17) are formed as solid walls having no
through hole along an axial direction of the rotating
shaft.

The axial magnetic bearing apparatus according to
any one of claims 1 to 3, characterized in that a
distance between a surface of said rotary disc (2)
existing in a position not opposed to any one of an
inside magnetic pole tooth (11) and an outside mag-
netic pole tooth (12) of corresponding one of said
electromagnetic stators (7) and a surface of said cor-
responding electromagnetic stator opposed to said
surface of said rotary disc (2) is formed to be larger
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than a distance between a surface of said rotary disc
(2) existing in a position opposed to each of said
inside magnetic pole tooth (11) and said outside
magnetic pole tooth (12) of said corresponding elec-
tromagnetic stator (7) and a surface of said corre-
sponding electromagnetic stator (7) opposed to said
surface of said rotary disc (2).

The axial magnetic bearing apparatus according to
any one of claims 3 to 4, characterized in that slits
(18) large enough to increase radial magneto-resist-
ance are provided at several places in outer circum-
ferential portions of said electromagnetic stators (7).

The axial magnetic bearing apparatus according to
any one of claims 1 to 5, characterized in that outer
circumferential grooves (19) for forming an air layer
having large magneto-resistance are provided re-
spectively in portions of outside magnetic pole teeth
(12) of said electromagnetic stators not opposed to
said rotary disc (2), so as to extend axially from a
side where said rotary disc (2) is located.

The axial magnetic bearing apparatus according to
any one of claims 1 to 6, characterized in that an
outer diameter of each of said electromagnetic sta-
tors (7) is formed to be substantially as large as an
outer diameter of said rotary disc (2), and aring (21)
made of a non-magnetic material having a radial
thickness large enough to form a layer with large
magneto-resistance is interposed between an outer
circumferential portion of each of said electromag-
netic stators (7) and an inner circumferential portion
of corresponding one of said casings (23) to which
said electromagnetic stator (7) is attached.

The axial magnetic bearing apparatus according to
any one of claims 1 to 7, characterized in that a
collar (22) made of a non-magnetic matetrial for rel-
atively positioning attachment of said pair of electro-
magnetic stators (7) is provided between said pair
of electromagnetic stators (7).

Patentanspriiche

1.

Vorrichtung flir ein axiales magnetisches Lager, in
der eine Drehscheibe (2), die aus einem magneti-
schen Material besteht, fest an einer Drehwelle (1)
befestigt ist, wahrend ein Paar elektromagnetischer
Statoren (7), in jedem von denen eine ringéhnliche
elektromagnetische Spule (10) zum Erzeugen einer
magnetischen Bewegungskraftin eine Spulennut (9)
eingesetzt ist, jeweils an Hdllen (23) so befestigt
sind, dass sie sich an gegeniberliegenden Seiten
der Drehscheibe (2) mit passenden, sehr kleinen Ab-
sténden, befinden, und wobei auf der Grundlage ei-
nes Ausgabesignals eines Versetzungssensors flr
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die Messung einer axialen Versetzung der Drehwel-
le (1) eine magnetische Anziehungskraft zwischen
der Drehscheibe (2) und jedem der elektromagneti-
schen Statoren (7) zur Wirkung gebracht wird, um
die Drehwelle (1) in einer Sollposition zu lagern, die
von den elektromagnetischen Statoren (7) beab-
standet ist und mit diesen nicht in Kontakt steht, wo-
bei eine tiefe Nut (16), um eine Luftschicht, die einen
groBen Widerstand gegen ein Magnetfeld aufweist,
zu bilden, in der Nahe einer Mittelachse der Dreh-
scheibe (2) vorhanden ist, so dass sie sichvon einem
auBeren Umfangsabschnitt der Drehscheibe (2) hin
zu der Drehwelle (1) erstreckt, wobei die Vorrichtung
flr ein axiales magnetisches Lager

dadurch gekennzeichnet ist, dass

Schlitze (18), die gro3 genug sind, um den radialen
Widerstand gegen ein Magnetfeld zu erhdhen, an
verschiedenen Stellen in &auBeren Umfangsab-
schnitten der elektromagnetischen Statoren (7) aus-
gebildet sind.

Vorrichtung fiir ein axiales magnetisches Lager nach
Anspruch 1,

dadurch gekennzeichnet, dass

die tiefe Nut (16) Uber den gesamten &uBeren Um-
fang der Drehscheibe (2) ausgebildet ist.

Vorrichtung fiir ein axiales magnetisches Lager, in
der eine Drehscheibe (2), die aus einem magneti-
schen Material besteht, fest an einer Drehwelle (1)
befestigt ist, wahrend ein Paar elektromagnetischer
Statoren (7), in jedem von denen eine ringéhnliche
elektromagnetische Spule (10) zum Erzeugen einer
magnetischen Bewegungskraftin eine Spulennut (9)
eingesetzt ist, jeweils an Hillen (23) so befestigt
sind, dass sie sich an gegeniberliegenden Seiten
derDrehscheibe (2) mitpassenden, sehrkleinen Ab-
sténden befinden, und wobei auf der Grundlage ei-
nes Ausgabesignals eines Abstandssensors fir die
Messung eines axialen Abstands der Drehwelle (1)
eine magnetische Anziehungskraft zwischen der
Drehscheibe (2) und jedem der elektromagneti-
schen Statoren (7) zur Wirkung gebracht wird, um
die Drehwelle (1) in einer Sollposition zu lagern, die
von den elektromagnetischen Statoren (7) beab-
standet ist und mit diesen nicht in Kontakt steht, wo-
bei durchgehende Lécher (17), die eine Schlitzform
aufweisen, um eine Luftschicht, die einen hohen Wi-
derstand gegen ein Magnetfeld aufweist, zu bilden,
in der Nahe einer Mittelachse der Drehscheibe (2)
vorhanden sind, so dass sie sich von einem auBeren
Umfangsabschnitt der Drehscheibe (2) hin zu der
Drehwelle (1) erstrecken, wobei die Vorrichtung fir
eine Magnetkraftlagerung

dadurch gekennzeichnet ist, dass

Waénde der Drehscheibenteile (3), die an axial ge-
genlberliegenden Seiten der durchgehenden L&-
cher (17) liegen, als feste Wénde, die kein durchge-
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hendes Loch entlang einer axialen Richtung der
Drehwelle aufweisen, ausgebildet sind.

Vorrichtung fur ein axiales magnetisches Lager nach
einem der Anspriche 1-3,

dadurch gekennzeichnet, dass

ein Abstand zwischen einer Oberflache der Dreh-
scheibe (2), der an einer Position vorhanden ist, die
weder einem inneren magnetischen Polzahn (11)
noch einem auBeren magnetischen Polzahn (12) ei-
nes zugehdrigen der elektromagnetischen Statoren
(7) und einer Oberflache des zugehdrigen elektro-
magnetischen Stators, die der Oberfldche der Dreh-
scheibe (2) gegenuberliegt, so gestaltet ist, dass er
gréBeristals ein Abstand zwischen einer Oberflache
der Drehscheibe (2), der an einer Position vorhan-
den ist, die sowohl dem inneren magnetischen
Polzahn (11) als auch dem &uBeren magnetischen
Polzahn (12) des zugehérigen elektromagnetischen
Stators (7) und einer Oberflache des elektromagne-
tischen Stators (7), die der Oberflache der Dreh-
scheibe (2) gegentliberliegt, gegeniibetrliegt.

Vorrichtung fur ein axiales magnetisches Lager nach
einem der Anspriche 3 bis 4,

dadurch gekennzeichnet, dass

Schlitze (18), die grof3 genug sind, um den radialen
Widerstand gegen ein Magnetfeld zu erhdhen, an
verschiedenen Stellen in &uBeren Umfangsab-
schnitten der elektromagnetischen Statoren (7) vor-
gesehen sind.

Vorrichtung flir ein axiales magnetisches Lager nach
einem der Anspriiche 1 bis 5,

dadurch gekennzeichnet, dass

auBere Umfangsnuten (19) flir das Bilden einer Luft-
schicht, die einen groBen Widerstand gegen ein Ma-
gnetfeld aufweist, jeweils in Abschnitten der &uBeren
magnetischen Polzéhne (12) der elektromagneti-
schen Statoren, die nicht der Drehscheibe (2) ge-
genuber liegen, vorhanden sind, so dass sie sich
axial von einer Seite, an der die Drehscheibe (2) an-
geordnet ist, aus erstrecken.

Vorrichtung flir ein axiales magnetisches Lager nach
irgendeinem der Anspruche 1 bis 6,

dadurch gekennzeichnet, dass

ein auBerer Durchmesser von jedem der elektroma-
gnetischen Statoren (7) so gestaltet ist, dass er im
Wesentlichen so groB3 wie ein &uBerer Durchmesser
der Drehscheibe (2) ist, und ein Ring (21) aus einem
nichtmagnetischen Material, der eine radiale Dicke
aufweist, die gro3 genug ist, um eine Schicht mit
einem groBen Widerstand gegen ein Magnetfeld zu
bilden, zwischen einem auBeren Umfangsabschnitt
von jedem der elektromagnetischen Statoren (7) und
einem inneren Umfangsabschnitt der zugehérigen
der Hullen (23), an welcher der elektromagnetische
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Stator (7) befestigt ist, liegt.

Vorrichtung fiir ein axiales magnetisches Lager nach
irgendeinem der Anspriiche 1 bis 7,

dadurch gekennzeichnet, dass

eine Manschette (22), die aus einem nichtmagneti-
schen Material besteht, zur Befestigung mit gegen-
seitiger Positionierung des Paars elektromagneti-
scher Statoren (7) zwischen dem Paar elektroma-
gnetischer Statoren (7) vorgesehen ist.

Revendications

Appareil a palier magnétique axial dans lequel un
disque rotatif (2) constitué d’un matériau magnétique
est fixé de maniére rigide a un arbre rotatif (1), tandis
gu’une paire de stators électromagnétiques (7) dans
chacun desquels un enroulement électromagnéti-
que de type annulaire (10) pour générer une force
magnétomotrice est inséré dans une rainure d’en-
roulement (9) sont fixés a des carters (23) respecti-
vement de maniére a étre situés sur des cotés op-
posés dudit disque rotatif (2) avec de trés faibles
distances adaptées, et sur la base d’un signal de
sortie d’un capteur de déplacement pour mesurer le
déplacement axial dudit arbre rotatif (1), laforce d’at-
traction magnétique est amenée a agir entre ledit
disque rotatif (2) et chacun desdits stators électro-
magnétiques (7) de maniére a soutenir ledit arbre
rotatif (1) dans une position cible distante desdits
stators électromagnétiques (7) et sans contact avec
celui-ci, une rainure profonde (16) pour former une
couche d’air ayant une magnétorésistance élevée
étant disposée a proximité d’'un centre axial dudit
disque rotatif (2) de maniére a s’étendre d’une partie
circonférentielle externe dudit disque rotatif (2) du
c6té dudit arbre rotatif (1), ledit appareil a palier ma-
gnétique axial étant caractérisé en ce que des fen-
tes (18) suffisamment grandes pour augmenter la
magnétorésistance radiale sont disposées a plu-
sieurs emplacements dans des parties circonféren-
tielles externes desdits stators électromagnétiques

(7).

Appareil a palier magnétique axial selon la revendi-
cation 1, caractérisé en ce que ladite rainure pro-
fonde (16) estformée tout autour de la circonférence
externe dudit disque rotatif (2) .

Appareil a palier magnétique axial dans lequel un
disque rotatif (2) constitué d’un matériau magnétique
est fixé de maniére rigide a un arbre rotatif (1), tandis
gu’une paire de stators électromagnétiques (7) dans
chacun desquels un enroulement électromagnéti-
que de type annulaire (10) pour générer une force
magnétomotrice est inséré dans une rainure d’en-
roulement (9) sont fixés a des carters (23) respecti-
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vement de maniére a étre situés sur des cbtés op-
posés dudit disque rotatif (2) avec de trés faibles
distances adaptées, et sur la base d’un signal de
sortie d’'un capteur de déplacement pour mesurer le
déplacement axial dudit arbre rotatif (1), laforce d’at-
traction magnétique est amenée a agir entre ledit
disque rotatif (2) et chacun desdits stators électro-
magnétiques (7) de maniére a soutenir ledit arbre
rotatif (1) dans une position cible distante desdits
stators électromagnétiques (7) et sans contact avec
celui-ci, des trous de passage (17) ayant une forme
de fente pour former une couche d’air ayant une ma-
gnétorésistance élevée étant disposés a proximité
d’un centre axial dudit disque rotatif (2) de maniére
a s’étendre d’une partie circonférentielle externe du-
dit disque rotatif (2) audit arbre rotatif (1), ledit ap-
pareil a palier magnétique axial étant caractérisé
en ce que les parois de piéces de disque rotatif (3)
situées sur des cotés axialement opposés desdits
trous de passage (17) sont formées sous forme de
parois pleines n’ayant pas de trou de passage le long
d’une direction axiale de I'arbre rotatif.

Appareil a palier magnétique axial selon 'une quel-
conque des revendications 1 a 3, caractérisé en ce
que la distance entre une surface dudit disque rotatif
(2) existant dans une position non opposée a I'une
quelconque d’une dent de pdle magnétique intérieu-
re (11) et d’une dent de pble magnétique extérieure
(12) de 'un correspondant desdits stators électro-
magnétiques (7) et une surface dudit stator électro-
magnétique correspondant opposé a ladite surface
dudit disque rotatif (2) est formée de maniére a étre
supérieure a la distance entre une surface dudit dis-
que rotatif (2) située dans une position opposée a
chacune de ladite dent de pbéle magnétique intérieu-
re (11) et ladite dent de pble magnétique extérieure
(12) dudit stator électromagnétique (7) correspon-
dant et une surface dudit stator électromagnétique
(7) correspondant opposé a ladite surface dudit dis-
que rotatif (2).

Appareil a palier magnétique axial selon I'une quel-
conque des revendications 3 a 4, caractérisé en ce
que des fentes (18) suffisamment grandes pouraug-
menterla magnétorésistance radiale sont disposées
a plusieurs emplacements dans des parties circon-
férentielles externes desdits stators électromagné-
tiques (7).

Appareil a palier magnétique axial selon 'une quel-
conque des revendications 1 a 5, caractérisé en ce
que des rainures circonférentielles externes (19)
pour former une couche d’air ayant une magnétoré-
sistance élevée sont disposées respectivement
dans des portions de dents de pble magnétique ex-
ternes (12) desdits stators électromagnétiques non
opposées audit disque rotatif (2), de maniére a
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s’étendre axialement depuis un cété ou ledit disque
rotatif (2) est situé.

Appareil a palier magnétique axial selon 'une quel-
conque des revendications 1 & 6, caractérisé en ce
qu’un diamétre externe de chacun desdits stators
électromagnétiques (7) est formé de maniére a étre
sensiblement aussi grand que le diamétre externe
dudit disque rotatif (2), et un anneau (21) constitué
d’'un matériau non magnétique ayant une épaisseur
radiale suffisamment grande pour former une cou-
che ayant une magnétorésistance élevée est inter-
calé entre une partie circonférentielle externe de
chacun desdits stators électromagnétiques (7) et
une partie circonférentielle interne de I'un correspon-
dant desdits carters (23) auquel ledit stator électro-
magnétique (7) est fixé.

Appareil a palier magnétique axial selon 'une quel-
conque des revendications 1 & 7, caractérisé en ce
qu’un collier (22) constitué d’'un matériau non ma-
gnétique pour positionner relativement la fixation de
ladite paire de stators électromagnétiques (7) est
disposé entre ladite paire de stators électromagné-
tiques (7).
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