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(54) ELECTROMAGNETIC SUSPENSION BEARING
(57)  The presentinvention discloses an electromag-

netic suspension bearing, which comprising a stator, a
rotor, an outer casing, an inner casing and a current con-
trolling device. The rotor and the stator are assembled
together, with the rotor being disposed inside the stator.
The pentagon electromagnets of the stator and those of
the rotor are arranged in an alternate manner so that the
rotor may be fixedly held in the stator through the mag-

obtain stable bearing. Also, the outer casing and the inner
casing enclose the rotor and the stator so as to shield
the electromagnetic force generated by the electromag-
net. In addition, the current controlling device is used to
control the amount and the direction of the current, and
thus controlthe strength of the electromagnetic force and
the polarity.
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Description
BACKGROUND OF THE INVENTION
1. Field of the invention

[0001] The present invention relates to a magnetic re-
pulsion type bearing.

2. Description of the Prior Art

[0002] Various bearings are in practical use presently,
and there may exceed more than 10,000 kinds of bear-
ings if being classified in detail according to the usage
and specialty. As long as the function and the way of
motion are considered, the bearings can be classified as
aroller bearing and a sliding bearing whereas both have
their merits and demerits.

[0003] If the two are compared with each other, the
roller bearing is advantageous for its lower friction, easier
to lubricate, capability for supporting both radial and
thrust force, fairly better overload capability and well
adaptable to the rotating shaft thereby requiring less
starting torque, saving less lengthwise space only if the
shaft diameter is proper. On the other hand, the roller
bearing is disadvantageous for its high price, large op-
erating noise, requiring larger radial space, short
lifespan, less ability to withstand vibration without pre-
caution of break down which way be aggravated to de-
struction of the entire mechanism.

[0004] Inthe meanwhile, the sliding bearing is suitable
for a heavy load, low operation speed and impacting ma-
chine, whereasthe rollerbearing is essentially applicable
to light load, high operation speed, high precision and
non-impacting machine. However, both kinds of bearings
have their limits. For instance, friction problem is inevi-
table to both, and friction not only brings about energy
loss and high temperature to deform the machine. As a
result, the precision of the products is degraded, even
damaging the equipment. The higher the speed, the se-
vererthe problem willbe. For solving the friction problem,
an appropriate lubricant is used to decrease the friction
resistance, but the lubricant is easy to contaminate the
surroundings or even affect the operation of the bearing.
[0005] In all, the traditional surface contact type bear-
ing is unable to get rid of frictional force at all, the mutual
frictional contact among the component parts in the ma-
chine produces powdered particles from the contact sur-
face which pervading in the air to cause the ambient con-
dition unqualified for hightechnological industry. Forthor-
oughly solving the friction, the gist of the development is
directed to the non-contact type bearing.

[0006] The non-contacttype bearings which are onthe
present market can be essentially classified in following
three categories:

1. Air bearing: It has the demerits that the working
precision degrades as the load increases uncontrol-
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lably. Besides, poor rigidity causes it unable to with-
stand lager load.

2. Fluid bearing: It has the merits of high rigidity to
carry larger load with low cost, but the high fluid
damping and liable to be affected by temperature
degrade its working precision.

3. Magnetic repulsion (suspension) bearing: Itis con-
sidered to be the most hopeful non-contact type
bearing. The working principle is based on the mag-
netic force. The magnetic suspension force induced
by the magnetic field suspends the rotating shaftand
prevents contact between the stator and rotor.

[0007] Ascompared with other non-contact type bear-
ings, the magnetic repulsion (suspension) bearing has
several noteworthy advantages, namely:

1. No rotational damping force, rotational speed of
the shaft is higher than that which uses other bear-
ings.

2. No complicate lubrication or pneumatic means is
needed.

3. A long lifespan contributes to lowering mainte-
nance cost.

4. No frictional resistance and noise contributes to
maintaining silent and clean environment.

5. Applicable to operate in very low temperature or
high vacuum ambient condition such as in the outer
space.

6. Assured mechanical rigidity contributes to effec-
tively eliminating vibration in operation.

[0008] Although the magnetic suspension bearing has
many advantages as described above, it still has several
inherent shortcomings, namely:

1. The resistance of the field windings on the elec-
tromagnet generates heat when carrying the exciting
current results in an energy loss.

2. Low magnetic induction.

3. Severe ineffective divergence of the magnetic flux.
4. Complicated mechanical structure causing diffi-
culty in assembling.

[0009] For these defects noticeable on the magnetic
repulsion (suspension) type bearing, an improvement is
seriously required.

SUMMARY OF THE INVENTION

[0010] It is a main object of the present invention to
provide a magnetic repulsion type bearing in which a plu-
rality of pentagonal electromagnets (induction iron) are
provided fora rotor and a statorto be arranged alternately
so as to keep the magnetic force of the electromagnets
balancing with each othertherebybeing held inthe stable
position without random excursion.

[0011] It is another object of the present invention to
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configurate the electromagnet in a single pentagonal
block so as to prevent random diverging of the magnetic
flux and upgrade the structural rigidity of the bearing by
appropriately controlling the distribution of the magnetic
flux.

[0012] It is one more object of the present invention
that a current controlling device is provided to control
amount of current and the direction of the current flow so
as to control the strength of the electromagnetic force
and the polarity thereby unifying the force exerting
around the rotor to improve magnetic inductance. By ad-
justing the magnetic repulsion type bearing to an opti-
mum position, the excursion of the rotor out of its ideal
route can be avoided.

[0013] Itis still another object of the present invention
to ensure the stator and the rotor never clash with each
other to lose the kinetic energy through operation of the
magnetic repulsion type bearing so as to facilitate the
rotational shaft to operate in a high speed.

[0014] Inkeeping with an aspect of theinvention, these
and other objects of the invention are accomplished by
providing a plurality of single pentagonally shaped elec-
tromagnets (induction iron pieces) each provided with a
field winding; a stator enclosing the plurality of electro-
magnets the stator made of a permeable material, is
formed into a hollow annular shape; a rotor enclosed by
the plurality of electromagnets, the rotor made of a per-
meable material, is formed into a hollow annular shape;
an outer casing enclosing the stator, the outer casing is
made of a permeable material for isolating the magnet-
ism; an inner casing installed inside the rotor is made of
a permeable material for isolating the magnetism; and a
current controlling device for controlling the amount of
the current and the direction of the current so asto control
the strength of the electromagnetic force and the polarity.
[0015] The rotor and the stator are coupled together,
and the single pentagoncally shaped electromagnets of
the rotor and the stator are arranged in an alternate man-
nerto generate an electric repulsion force which induces
a rotational magnetic field thereby balancing the mag-
netism between the electromagnets of the rotor and the
stator. As a result, the electromagnets are stably fixed at
the proper position without excursion.

[0016] When the stator and the rotor move with each
other, a gap is formed between the stator and rotor when
they cross each other respectively at the top and the bot-
tom thereof which being smaller than one appropriately
formed between crossing electromagnets of the stator
andthe rotor. Ifthe rotor operates under an overload, the
stator and the rotor will clash each other at their top and
bottom so asto preventthe collision of the corresponding
electromagnets of the stator and the rotor, and further,
the magnetism of the electromagnets are isolated with
each other by enclosing the permeable stator and the
permeable rotor with the outer casing and the inner cas-
ing.

[0017] As the single pentagonal electromagnets are
one by one arranged one by one in parallel and vertical,
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the divergence of the magnetic flux can be effectively
eliminated that contributes to proper distribution of the
magnetic flux and upgrading the structural rigidity. The
super conductive wires used for the field winding result
in nearly zero resistance which contributes to greatly in-
creasingthe current carrying capacity of the field winding.
[0018] In all, the present invention has several note-
worthy merits, namely:

1. A plurality of single pentagonal electromagnets
alternately arranged in the stator and the rotor bal-
ance the magnetic force therebetween which in turn
contribute to fixthe electromagnet stably atits proper
position without excursion during operation.

2. The proper gap can be obtained with an electric
repulsion force between the electromagnets of the
stator and the rotor alternately arranged up and
down. The gap formed between the top and the bot-
tom of crossing stator and rotor is smaller than one
appropriately formed between crossing electromag-
nets of the stator and the rotor. If the rotor is over-
loaded, the stator and the rotor will clash each other
at their top and bottom so as to prevent the collision
of the corresponding electromagnets of the stator
and the rotor.

3. The single pentagonal electromagnets are ar-
ranged one by one in parallel and vertical on the
stator and the rotor, the strongest magnetic force
exists on the tips of the corresponding electromag-
nets of the stator and the rotor so that the rigidity is
enhanced by improving the magnetic flux distribu-
tion.

4. The current controlling device controls the amount
and direction of the current so as to control the
strength of the electromagnetic force and the polarity
thereby exerting a uniform force around the sur-
rounding of the rotor and increasing the magnetic
inductance, and the bearing is adjusted to a most
appropriate position to prevent excursion of the rotor
from its optimum route.

5. The electric repulsion force is employed to sustain
the rotor such thatthe rotoris able to rotate with rapid
response but without friction and noise that leads to
operable with a very high speed.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

Fig. 1 is an exploded view of the present invention.
Fig. 2 is an enlarged exploded view of the stator and
rotor of the present invention.

Fig. 3 is an assembly view of the stator and the rotor
of the present invention.

Fig. 4 is a cross sectional view of the stator and the
rotor of the present invention.

Fig. 4-1 is an exemplary view showing the distribu-
tion of the magnetic force of the stator and the rotor
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according to the present invention.
Fig. 5 is a perspective view of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0020] Referringto allthe drawings from Fig. 1 through
Fig. 5, the magnetic repulsion type bearing according to
the present invention essentially comprises the following
component parts:

a plurality of single pentagonal shaped electromag-
nets 3 each provided with a field winding 31;

a stator 1 enclosing the plurality of electromagnets
3, wherein the stator 1 made of permeable material
is formed into a hollow annular shape by arranging
the electromagnets on top of each other

a rotor 2 enclosed by the plurality of electromagnets
3, wherein the rotor 2 made of permeable material
is formed into a hollow annular shape by arranging
the electromagnets 3 on top of each other;

an outer casing 4 made of permeable material en-
closing the stator 1 so as to isolate the magnetism;
an inner casing 5 made of a permeable material in-
stalled on the inner wall surface of the rotor 2 so as
to isolate the magnetism; and

a current controlling device 6 for controlling the
amount of the current and direction of the current
generated by the electromagnets 3 so as to control
the strength of the electromagnetic force and the po-

larity.

[0021] The rotor 2 is set in the cavity of the stator 1 to
form a coupled structure. The single pentagonally
shaped electromagnets 3 of the stator 1 and rotor 2 are
alternately arrange to produce a rotating magnetic field
by electric repulsion principle thereby balancing the mag-
netic force of the electromagnets 3 on the stator 1 and
the rotor 2 and forming a proper gap therebetween. By
sothe electromagnets 3 can be stably held in the position
without excursion. Whenthe stator 1 andthe rotor2 come
to cross each other, a gap will be formed between the
top portion of the rotor 2 and the bottom portion of the
stator 1. The gap is smaller than one that is formed be-
tween two electromagnets 3. In case the rotor 2 is over-
loaded, the stator 1 and the rotor 2 clash with each other
onthe respective top and bottom portions so asto prevent
mutual collision of the nearby electromagnets 3.

[0022] The single pentagonally shape electromagnets
3 are arranged one by one horizontally and vertically so
asto palliate divergence of the magneticflux and improve
its distribution thereby upgrading the rigidity of the elec-
tromagnets 3. The outer casing 4 and the inner casing 5
both made of apermeable material are respectively used
to enclose the stator 1 and be installed on the inner wall
surface of the rotor 2 to isolate the magnetism.

[0023] Referringto Fig. 4-1, the preferable angle made
between the adjacent electromagnets 3 on the stator 1
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andthe rotor 2is 45°, ormay be 30° and etc. The surfaces
a and b repulse each other, and the surfaces ¢ and d
also repulse each other so that the electromagnets 3 of
the stator 1 and the rotor 2 are exactly held at the middle
position of the intercoursing without excursion when the
rotor 2 rotates,

[0024] The conductor of the field winding 31 on the
electromagnet 3 may use the super conducting material
toacquire azero resistance state thereby greatly increas-
ing current carrying capacity.

[0025] In operating the magnetic repulsion type bear-
ing of the presentinvention, the current controlling device
6 is employed to generate DC or AC and conduct the
current with the field winding 31 so as to control the
strength of the magnetomotive force and the polarity of
the electromagnet 3 and cause the rotor 2 to rotate. The
whole structure of the present invention is fixedly sup-
ported by a yoke 7.

[0026] When the position where the electromagnet 3
ofthe stator 1 is putinto shows S polarity, the correspond-
ing electromagnet 3 of the rotor 2 must also be S polarity,
the positionthereofis enclosed with a permeable material
to isolate the magnetism.

[0027] A gap is formed by repulsion at the position
where the stator 1 and the rotor 2 cross with each other
both show N polarity. The rotating shaft coupled with the
magnetic repulsion type bearing of the present invention
is allowed to rotate without friction and noise and con-
sume less energy. The polarity of the electromagnet 3
can be changed by operation of the current controlling
device 6. The strongest intensity of the magnetic force
occurs on the tip position where the electromagnets 3 of
the stator 1 and the rotor 2 crossing with each other.
[0028] While the invention has been described by way
of examples and in terms of several embodiments, it
should be understood that the invention is not limited to
the disclosed embodiments. To the contrary, it is intend-
ed to cover various modifications and similar arrange-
ments (as would be apparent to those skilled in the art).
Therefore, the scope of the appended claims should be
accordedthe broadest interpretation so asto encompass
all such modifications and similar arrangements.

Claims
1. A magnetic repulsion type bearing comprising:

a plurality of single pentagonally shaped elec-
tromagnets each provided with a field winding;
a stator enclosing said plurality of electromag-
nets, wherein said stator is made of permeable
material;

a rotor enclosed by said plurality of electromag-
nets, wherein said rotor is made of permeable
material;

an outer casing enclosing said stator, wherein
said outer casing is made of permeable material



7 EP 1 980 765 A1

for isolating magnetism;

an inner casing installed on an inner surface of
said rotor, wherein said inner casing is made of
permeable material for isolating the magnetism;

and 5
a current controlling device for controlling an
amount of current and a direction of the current

of said electromagnets so as to control a
strength of a electromagnetic force and polarity;

10
wherein said rotor and said stator are coupled to-
gether and said single pentagonally shaped electro-
magnets and said stator are arranged in an alternate
manner to generate an electric repulsion force which
induces arotational magnetic fieldthereby balancing 75
the magnetism between the electromagnets and
said stator, as a result, said electromagnets are sta-
bly fixed at the proper position without excursion.

The bearing of claim 1, wherein a conductor of said 20
field windings on said electromagnets is formed of

super conducting matetrial.

The bearing of claim 1, wherein said stator is con-
figurated into a hollow annular shape. 25

The bearing of claim 1, wherein said rotor is config-
urated into a hollow annular shape.

The bearing of claim 1, wherein said currentcontrol- 30
ling device is able to supply direct current (DC).

The bearing of claim 1, wherein said current control-

ling device is able to supply alternating current (AC).
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