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(57) Abstract: Disclosed therein is a method of
operating a variable magnetic flux motor. The
method of operating the variable magnetic flux
motor, which includes a rotor and a stator located
inside the rotor, the rotor including first magnets
and second magnets having a coercive force
weaker than that of the first magnets, includes: a
first step of operating the motor in an initially
magnetized state of the second magnets; and a
second step of operating the motor in an in-
versedly magnetized state of the second magnets
by applying a magnetomotive force to the second
magnets in the opposite direction to the magnet-
ization direction of the second magnets.
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Description
Title of Invention: METHOD FOR OPERATING VARIABLE

MAGNETIC FLUX MOTOR
Technical Field

The present invention relates to a motor. More particularly, the present invention
relates to a new structure of a motor, which can be operated at a variable speed by de-
magnetizing or magnetizing some of magnets applied to a rotor and can obtain high ef-

ficiency by concentrating an amount of magnetic flux.

Background Art

In general, in order to simultaneously obtain a variable speed operation and high ef-
ficiency of a motor, various structures and forms of motors have been proposed. Rep-
resentatively, there are a variable flux memory motor (VFMM) (hereinafter, called
"prior art 1") and a motor disclosed in Japanese Patent Laid-open No. 2009-112454
(hereinafter, called "prior art 2").

A rotor of the variable flux memory motor according to the prior art 1 is basically
similar with a brushless DC electric motor (BLDC motor) of a spoke type. The motor
is a motor that permanent magnets are demagnetized from a narrower part thereof due
to a difference in thickness of the permanent magnets when a negative d-axis current
flows to a d-axis which is a magnetic flux generation axis of a stator. The motor is
operated at a variable speed by demagnetizing and magnetizing the permanent magnets
based on the above principle.

The motor according to the prior art 2 is basically similar with an outer-rotor type
BLDC motor of a salient pole concentrated winding structure. The motor is char-
acterized in that two kinds of magnets with different coercive forces are embedded in a
rotor core in such a way as to be arranged in a circumferential direction in turn to
thereby form opposite poles. That is, the rotor core has holes for embedding first
magnets and second magnets therein and protrusions formed on an inner face of the
rotor core. Accordingly, the motor according to the prior art 2 has several problems in
that the rotor core is complicated in structure and manufacturing costs are increased.

In the meantime, the motor according to the prior art 2 includes the first magnets and
the second magnets having lower coercive force than the first magnets and is operated
in such a way as to increase the magnetic flux of the entire magnets at the time of the
laundry process by magnetizing the second magnets but to decrease the magnetic flux
of the magnets at the time of the dewatering process more than the laundry process by
demagnetizing the second magnets. However, in the case that the coercive force of the

second magnets is relatively much lower, in other words, in the case that an increased
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amount of the entire magnetic flux is almost negligible even though the second
magnets are magnetized and operated, in terms of effectiveness in operation, it is ad-
vantageous to use the magnetic flux of the first magnets rather than to magnetize the
second magnets at the time of the laundry process and to offset the entire magnetic flux

by inversedly magnetizing the second magnets at the time of the dewatering process.
Therefore, the inventors of the present invention propose a variable magnetic flux

motor using the above-mentioned method.
Disclosure of Invention

Technical Problem

Accordingly, the present invention has been made in an effort to solve the above-
mentioned problems occurring in the prior arts, and it is an object of the present
invention to provide a variable magnetic flux motor of a new structure.

It is another object of the present invention to provide a variable magnetic flux motor
which is operated by a new method.

The above and other objects, features and advantages of the present invention will be
apparent from the following detailed description of the preferred embodiments of the

invention in conjunction with the accompanying drawings.

Solution to Problem

To achieve the above objects, the present invention provides a method of operating a
variable magnetic flux motor, which includes a rotor and a stator located inside the
rotor, the rotor including first magnets and second magnets having a coercive force
weaker than that of the first magnets, the method including: a first step of operating the
motor in an initially magnetized state of the second magnets; and a second step of
operating the motor in an inversedly magnetized state of the second magnets by
applying a magnetomotive force to the second magnets in the opposite direction to the
magnetization direction of the second magnets.

After the second step, the method of operating the variable magnetic flux motor
further includes a third step of operating the motor in a re-magnetized state of the
second magnets by applying a magnetomotive force to the second magnets in the same
direction as the magnetization of the second magnets.

In the preferred embodiment of the present invention, the first magnets are
neodymium magnets and the second magnets are alnico magnets.

Moreover, the second magnets are constituted of magnets located at both sides of a
pair of opposed unit rotor cores and magnets located at both sides of a pair of unit rotor
cores where a connection line for connecting the two opposed unit rotor cores with
each other and a perpendicular line meet together. Additionally, the first magnets are

the remaining magnets except the second magnets, and the second magnets occupy just
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a part of a space formed between two unit rotor cores.
Furthermore, the space formed between the neighboring unit rotor cores of the

second magnet except the space occupied by the second magnets is filled with a
spacer.
Advantageous Effects of Invention

According to the exemplary embodiment of the present invention, the variable
magnetic flux motor of the new structure and the method for operating the same can
reduce manufacturing costs and cause a high performance enhancement because the
variable magnetic flux motor is favorable to concentration of the amount of magnetic
flux.
Brief Description of Drawings

FIG. 1 is a plan view of a structure of a rotor of a variable magnetic flux motor
according to the present invention.

FIG. 2 is a perspective view of a rotor structure of the variable magnetic flux motor
according to the present invention.

FIG. 3 is a perspective view of a unit rotor core used in the rotor of the variable
magnetic flux motor.

FIG. 4 is a perspective view of a stator of the variable magnetic flux motor.

FIG. 5 is a plan view of the stator of the variable magnetic flux motor.

FIG. 6 is a graph showing a B-H curve for explaining an operating point of a second
magnet when the variable magnetic flux motor is operated at low speed.

FIG. 7 is a conceptual view for showing an inversed magnetization process of the
variable magnetic flux motor.

FIG. 8 is a graph showing a B-H curve for explaining an operating point of the
second magnet when the variable magnetic flux motor is inversedly magnetized.

FIG. 9 is a graph showing a B-H curve for explaining an operating point of the
second magnet when the variable magnetic flux motor is operated at high speed.

FIG. 10 is a conceptual view for showing a re-magnetization process of the variable
magnetic flux motor.

FIG. 11 is a graph showing a B-H curve for explaining an operating point of the
second magnet when the variable magnetic flux motor is re-magnetized.

Hereinafter, reference will be now made in detail to the preferred embodiment of the
present invention with reference to the attached drawings.
Mode for the Invention

FIG. 1 is a plan view of a structure of a variable magnetic flux motor according to the
present invention, and FIG. 2 is a perspective view of a structure of a rotor of a

variable magnetic flux motor according to the present invention.
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As shown in FIG. 1, the variable magnetic flux motor according to the present
invention includes a rotor 1 and a stator 2.

The rotor 1 includes a plurality of unit rotor cores 10, first magnets 11, second
magnets 12 and spacers 14, which are located on the outer circumferential surface of
the stator 2. As shown in FIG. 2, the spacers 14 which surround the unit rotor cores 10,
the first magnets 11 and the second magnets 12 are located on the inside wall surface
of an outer case 15 which is located on the inside wall surface of a rotor housing 13.

In the present invention, the stator 2 includes a stator core base 21 and a plurality of
teeth 22 radially formed on the outer peripheral surface of the stator core base 21.

A coil 3 is wound on the teeth 22 of the stator 2, and occupies some space in a slot
formed between two neighboring teeth 22.

As shown in FIGS. 1 and 2, the variable magnetic flux motor according to the
present invention adopts a type of 24 poles-18 slots, but the present invention is not
limited to the above, and on occasion demands, the number of poles and slots may be
varied.

In the case of the motor with 24 poles-18 slots, as shown in FIG. 1, twenty-four unit
rotor cores 10 and twenty-four magnets 11 and 12 are located in turn. Out of the
twenty-four magnets, sixteen magnets are the first magnets 11 and eight magnets are
the second magnets 12. That is, the motor according to the preferred embodiment of
the present invention has a structure that two second magnets 12 are mounted at one
side of an array of four first magnets 11. As shown in FIG. 1, the unit rotor core 10 is
located between the neighboring magnets, and the second magnets 12 are arranged in
the direction of 12 o'clock, 3 o'clock, 6 o'clock, and 9 o'clock by two. In other words,
the second magnets are mounted at both sides of the unit rotor core which is opposed
to the unit rotor core 10 located between the neighboring second magnets 12 (see the A
part of FIG. 1), and the other two second magnets are mounted at both sides of two
unit rotor cores where a connection line for connecting the two opposed unit rotor
cores and a perpendicular line meet each other (see the B part of FIG. 1). Accordingly,
total eight second magnets are applied.

The spacer 14 is located in the inner diameter direction and in the outer diameter
direction of the second magnet 12. The first magnet 11 occupies the entire space
between the neighboring unit rotor cores 10, but the second magnet 12 occupies a part
of the space between the neighboring unit rotor cores 10 and the spacer 14 occupies the
remaining space. The spacer 14 is made of an insulation material, preferably, an in-
sulating plastic resin. More preferably, the spacer 14 is manufactured by plastic resin
molding integrated with the outer case 15. Meanwhile, as shown in FIGS. 1 and 2, it is
preferable that both ends of the second magnet 12 have the width crossing the space

formed between the neighboring unit rotor cores 10 getting in contact with each other.
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The outer case 15 is formed to be in contact with the outer circumferential surface of
a circle formed by the unit rotor cores 10, the first magnets 11 and the spacers 14 and
is located on the inner face of the rotor housing 13. Preferably, the outer case 15 is
made of an insulating plastic material. The outer case 15 is not necessarily applied and
may be omitted if necessary.

In the present invention, the first magnets 11 are neodymium magnets, and the
second magnets 12 are alnico magnets. Rotational characteristics of the motor can be
regulated through a difference in coercive force between the first and second magnets
of the two kinds. That is, an amount of magnetic flux of the second magnets 12 can be
regulated using magnetization current and demagnetization current so as to control
output, torques, and characteristics of RPM of the motor as occasion demands.

FIG. 3 is a perspective view of the unit rotor core 10 used in the rotor 1 of the
variable magnetic flux motor.

As shown in FIG. 3, the unit rotor core 10 according to the present invention has a
structure that the magnets can be attached to both sides thereof, and a plurality of the
magnets and a plurality of the unit rotor cores 10 are repeatedly attached so as to
generally form a circular shape. In order to be attached to the neighboring magnet, the
unit rotor core 10 may have weld lines 10a formed at both sides thereof. The magnet
and the unit rotor core can be combined by laser welding along the wed lines 10a. Of
course, the attachment method is not limited to the laser welding, and may be adopted
from various attachment methods. For instance, caulking or other welding methods
may be applied.

FIG. 4 is a perspective view of the stator 2 of the variable magnetic flux motor, and
FIG. 5 is a plan view of the stator 2 of the variable magnetic flux motor.

As shown in FIGS. 4 and 35, the stator 2 according to the present invention includes
the circular stator core base 21 and the teeth 22 radially arranged on the outer circum-
ferential surface of the stator core base 21 at equal intervals. Each of the teeth 22 has
ears 23 formed at both sides of an end thereof. The stator 2 is formed by core steel
sheets laminated repeatedly. The stator core base 21 has a plurality of base welding
slots 21a formed on the inner circumferential surface thereof, and laser welding is
carried out along the base welding slots 21a so as to firmly fix a plurality of the core
steel sheets. Of course, besides the laser welding, caulking or other welding method
may be applied.

The space formed between the two neighboring teeth 22 forms a slot 25. The coil is
wound on the teeth 22. In order to electrically insulate between the teeth 22 and the
coil 3, an insulator (not shown) may surround the teeth 22 before the coil is wound on
the teeth 22. Each of the teeth 22 has a tooth recess 22a inwardly hollowed a little and

formed on the outer peripheral surface of the end portion thereof, and each of the ears
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23 formed at both sides of the end of the tooth 22 also has an ear recess 23a inwardly
hollowed a little similarly with the tooth recess 22a. The tooth recess 22a and the ear
recess 23a serve to reduce a cogging torque which can concentrically generate the
amount of magnetic flux.

The tooth recess 22a has a tooth welding slot 22b, and the tooth welding slot 22b
serves to combine the stator core sheets together through one of various welding
methods like the base welding slots 21a which are described previously.

FIG. 6 is a graph showing a B-H curve for explaining an operating point of a second
magnet when the variable magnetic flux motor is operated at low speed.

The variable magnetic flux motor according to the preferred embodiment of the
present invention can be operated in two stroke cycles by varying the magnetic flux. In
other words, the variable magnetic flux motor can be operated in a first stroke which is
a low speed and high torque operation and in a second stroke which is a high speed and
low torque operation.

FIG. 6 illustrates the B-H curve of the alnico magnets, which are the second magnets
12 of the variable magnetic flux motor according to the preferred embodiment of the
present invention. In case of washing machines, the low speed operation which is the
first stroke is applied when the motor is rotated at low speed and needs high torque like
the washing process. At the time of no-load operation, the alnico magnets by magnetic
circuits around the magnets are operated at an intersection point A where the B-H
curve and a load line meet together. The load line of the alnico magnets moves in the H
direction by 3-phase current at the time of the low speed operation. The motor operates
at an intersection point B where the third quadrant of the B-H curve of the alnico
magnets and the load line meet together. Therefore, because the amount of magnetic
flux generated from the alnico magnets which are the second magnets is very small at
the time of the low-speed operation, the general operation of the motor, namely, the
rotation of the rotor is achieved by the neodymium magnets which are the first
magnets.

FIG. 7 is a conceptual view for showing an inversed magnetization process of the
variable magnetic flux motor, and FIG. § is a graph showing a B-H curve for ex-
plaining an operating point of the second magnet when the variable magnetic flux
motor is inversedly magnetized.

Referring to FIGS. 7 and 8, the variable magnetic flux motor according to the
preferred embodiment of the present invention is operated at an operating point C at
the time of no-load along a recoil line after finishing the operation at the intersection
point B where the third quadrant of the B-H curve of FIG. § and the load line meet
together. In this instance, after the rotor cores 10 located at I of FIG. 7 are arranged at

the position of a phase A on which an A-phase coil 3A is wound, a magnetomotive
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force is applied in the opposite direction to the magnetization direction of the second
magnets 12 in order to inversedly magnetize the second magnet 12 which is located at
the position I. Next, the rotor cores 10 located at a position II are arranged at the
position of the phase A, and then, likewise, a magnetomotive force is applied in the
opposite direction to the magnetization direction of the second magnets 12 in order to
inversedly magnetize the second magnets 12 which are located at the position II. In
this instance, at the time of the inversed magnetization, the magnetization current of
the inversed direction flows to a saturation point D of the second magnets 12 illustrated
in FIG. 8 so as to inversedly magnetize the second magnets. Hereinafter, the op-
erational principle at the time of the high-speed operation which is the second stroke
using the second magnets 12 inversedly magnetized will be described.

FIG. 9 is a graph showing a B-H curve for explaining an operating point of the
second magnet when the variable magnetic flux motor is operated at high speed.

As shown in FIG. 9, the second magnets 12 inversedly magnetized are operated at a
point E at the time of no-load. The road line of the second magnets is moved in the H
direction by the 3-phase current at the time of the high-speed operation. Because the
motor operates at an intersection point F where the B-H curve of the second magnets
and the load line meet together at the time of the high speed operation, the entire
amount of magnetic flux is decreased.

FIG. 10 is a conceptual view for showing a re-magnetization process of the variable
magnetic flux motor, and FIG. 11 is a graph showing a B-H curve for explaining an
operating point of the second magnet when the variable magnetic flux motor is re-
magnetized.

After the high speed operation which is the second stroke, the second magnets 12 at
the time of no-load are operated at the intersection point E where the fourth quadrant
of the B-H curve and the road line meet together in the graph of FIG. 11. In this
instance, in order to change from the second stroke to the first stroke, the rotor cores 10
located at the position I in FIG. 10 are arranged at the position of the phase A on which
the A-phase coil 3A is wound, and then, a magnetomotive force is applied in the same
direction as the magnetization of the second magnets 12 in order to re-magnetize the
second magnet 12 which is located at the position I. Next, the rotor cores 10 located at
a position II is arranged at the position of the phase A, and then, likewise, a magne-
tomotive force is applied in the same direction as the magnetization of the second
magnets 12 in order to re-magnetize the second magnets 12 which are located at the
position II. Here, the magnetization current of the forward direction flows to a
saturation point G of the second magnets 12 illustrated in FIG. 10 so as to re-magnetize
the second magnets. When the second magnets 12 are re-magnetized, the motor

becomes in a state capable of being operated at low speed and high torque.
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While the present invention has been particularly shown and described with reference
to the preferred embodiment thereof, it will be understood by those of ordinary skill in
the art that the present invention is not limited to the above embodiment and various
changes or modifications may be made therein without departing from the technical

idea of the present invention.
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Claims

A method of operating a variable magnetic flux motor which includes a
rotor and a stator located inside the rotor, the rotor including first
magnets and second magnets having a coercive force weaker than that
of the first magnets, the method comprising:

a first step of operating the motor in an initially magnetized state of the
second magnets; and

a second step of operating the motor in an inversedly magnetized state
of the second magnets by applying a magnetomotive force to the
second magnets in the opposite direction to the magnetization direction
of the second magnets.

The method according to claim 1, further comprising:

a third step of operating the motor in a re-magnetized state of the
second magnets by applying a magnetomotive force to the second
magnets in the same direction as the magnetization of the second
magnets, after the second step.

The method according to claim 2, wherein the first magnets are
neodymium magnets and the second magnets are alnico magnets.

The method according to claim 2, wherein the second magnets are con-
stituted of magnets located at both sides of a pair of opposed unit rotor
cores and magnets located at both sides of a pair of unit rotor cores
where a connection line for connecting the two opposed unit rotor cores
with each other and a perpendicular line meet together, and

wherein the first magnets are the remaining magnets except the second
magnets, and the second magnets occupy just a part of a space formed
between two unit rotor cores.

The method according to claim 4, wherein the space formed between
the neighboring unit rotor cores of the second magnet except the space

occupied by the second magnets is filled with a spacer.
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