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(57) Abstract: An exciting coil of a motor is formed to be controlled by using an analog timer to thus control an excitation control

& circuit of a motor control apparatus, whereby an excitation control circuit that excites an exciting coil of a motor control apparatus can

Lo I simplified and complexity can be reduced by simplifying a circuit construction of an excitation controller. The present invention
O includes: an auxiliary winding (sub-coil) and a main winding (main coil); and an exciting unit which is electrically connected with

the auxiliary winding and the main winding, determines an excitation application time and an excitation time, and generates an
a excitation current according to the determined excitation application time and the excitation time.



WO 2007/126251 PCT/KR2007/002051

5

10

15

20

STARTING CONTROL APPARATUS AND METHOD FOR MOTOR

TECHNICAL FIELD

The present invention relates to a motor and, more particularly, to an
apparatus and method for controlling starting of a motor capable of exciting

an exciting coil by using an analog timer.

BACKGROUND ART

In general, in a motor used for a refrigerator, two exciter poles and an
exciting coil are separately installed in a stator of a single-phase induction
motor.

In the motor used for the refrigerator, two excitor polls and an exciting
coil are separately installed at the stator in the single-phase induction motor
including a core, a main winding (main coil) and an auxiliary winding
(sub-coil).

A rotor of the motor used for the refrigerator includes a magnetic
material that facilitates magnetizing and demagnetizing.

An excitation control circuit of the motor used for the refrigerator is a
circuit that controls the exciting coil in order to magnetize the magnetic
material.

The excitation control circuit includes a feedback coil, a capacitor, a
speed response switch and an external controller.

FIG. 1 is schematic view showing the structure of the motor used for
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the refrigerator according to the related art, which includes a stator 20 and a
rotor 40 having a magnetic material.

Here, the operation of the apparatus for controlling the motor of the
refrigerator according to the related art will now described.

First, the control apparatus controls such that power is applied to the
main winding and the auxiliary winding of the stator 20 of the motor,
according to which the rotor 40 is rotated by the power applied to the main
winding and the auxiliary winding.

Next, when the rotor 40 reaches a certain speed (synchronous speed
75% to 80%), the exciting coil is excited to magnetize the magnetic material
30 to the rotor 40.

The apparatus for controlling the motor used for the refrigerator as
described above is discriminated from an electronic control apparatus that
controls an operation of the refrigerator.

Thus, the motor control apparatus and the electronic control apparatus
of the refrigerator, each including a complicated controller circuit, increase

complexity in constructing a system of the refrigerator.

DISCLOSURE OF THE INVENTION

Therefore, an object of the present invention is to provide an apparatus
and method for controlling starting of a motor capable of simplifying an
excitation control circuit that excites an exciting coil of a motor control
apparatus and reducing complexity by simplifying a circuit construction of an

excitation controller such that the exciting coil is controlled by using an analog
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timer to thus control the excitation control circuit.

To achieve these and other advantages and in accordance with the
purpose of the present invention, as embodied and broadly described herein,
there is provided an apparatus for controlling starting of a motor including: an
auxiliary winding (sub-coil) and a main winding (main coil); and an exciting
unit which is electrically connected with the auxiliary winding and the main
winding, determines an excitation application time and an excitation time, and
generates an excitation current according to the determined excitation
application time and the excitation time.

Here, the exciting unit includes: a main contact that aliows power to be
supplied to a timer; an auxiliary contact that allows power to be supplied to an
exciting coil; and a timer that controls switching of the main contact and the
auxiliary contact to allow power supply to the exciting coil to be cut off or to be
supplied.

To achieve the above object, there is also provided a method for
controlling starting of a motor including: a first step of turning on a timer of a
main contact ‘a’ during a certain time period; and a second step of turning on
a timer of an auxiliary contact ‘a’ and a timer of an auxiliary contact ‘b’, after
the timer of the main contact ‘a’ is operated for a certain time period, in order
to supply power to an exciting coil for a certain time period.

To achieve the above object, there is also provided a method for
controlling starting of a motor including: a first step of operating a timer of a
main contact ‘a’ during a pre-set operation time; and a second step of

operating a timer of an auxiliary contact ‘a’ and a timer of an auxiliary contact
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‘b’ during the pre-set time period to supply power to an exciting coil during a
certain time period, after the timer of the main contact ‘a’ is operated during

the pre-set operation time.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view showing the structure of a motor of a
refrigerator according to the related art;

FIG. 2 is a circuit diagram showing the construction of an apparatus for
controlling starting of a motor according to an exemplary embodiment of the
present invention;

FIG. 3 is a view showing a speed-torque curved line of the motor with
respect to the apparatus for controlling starting of the motor according to the
exemplary embodiment of the present invention; and

FIG. 4 is a graph showing operation timings of timers with respect to
the apparatus for controlling starting of the motor according to the exemplary

embodiment of the present invention.

MODES FOR CARRYING OUT THE PREFERRED EMBODIMENTS

An apparatus and method for controlling starting of a motor capable of
simplifying an excitation control circuit that excites an exciting coil of a motor
control apparatus and reducing complexity by simplifying a circuit construction
of an excitation controller such that the exciting coil is controlled by using an
analog timer to thus control the excitation control circuit, according to the

exemplary embodiment of the present invention will now be described with
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reference to FIGs. 2 to 4.

By including a magnetic material that can be magnetized in a rotor with
a bar conductor, the motor can be operated as an inductor motor until speed
of the rotor reaches a synchronous speed of a rotation magnetic field, and
can be applicable to an excitation motor that magnetizes the magnetic
material to reach the synchronous speed of the rotation magnetic field.

FIG. 2 is a circuit diagram showing the construction of an apparatus for
controlling starting of a motor according to an exemplary embodiment of the
present invention.

As shown in FIG. 2, it includes a main coil, a sub-coil, a starting
capacitor Cs, an operation capacitor Cr, and an exciting unit 100.

In order to start the rotor of the self-magnetizing motor, the starting
capacitor Cs applies a current with a fast phase to the sub-coil, and
accordingly, the rotor is started by a magnetic field generated from the
sub-coil and an induction current.

The operation capacitor Cr applies a current with a phase slower by
90° than the current flowing at the sub-coil, and accordingly, a rotation
magnetic field is generated from the stator by the current flowing at the main
coil, and thus, the rotor is rotated upon receiving power continuously.

The exciting unit 100 applies a strong current through the exciting coil
only when it magnetizes the magnetic material.

Here, the exciting unit 100 includes a timer that cuts off power supply
to the exciting coil or allows power to be provided to the exciting coil.

The timer includes a main timer (MT) that controls excitation
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application time, and an auxiliary timer (sub-timer) (ST) that determines an
excitation time for supplying power to the exciting coil.

The main timer MT includes a main contact ‘a’ (Ma) that supplies
power to the auxiliary timer ST and a main timer ‘a’ (MTa) that controls an
excitation application time by controlling ON/OFF of the main contact ‘a’ (Ma).

The auxiliary timer ST includes an auxiliary contact ‘a’ (Sa) and an
auxiliary contact ‘b’ (Sb) that allow power to be supplied to the exciting coil,
and includes an auxiliary timer ‘@’ (STa) and an auxiliary timer ‘b’ (STb) that
determine an excitation time by using a time difference of when the auxiliary
contact ‘a’ (Sa) and the auxiliary contact ‘b’ (Sb) respectively become
conductive.

Here, when the main timer MT and the auxiliary timer ST are operated
for a certain time, they automatically return to their original state.

Namely, the apparatus for controlling starting of the motor determines
the excitation application time and the excitation time by using the analog
timers MT and ST.

The operation of the present invention will now be described.

First, in order to start thé rotor of the self-magnetizing motor, the
starting capacitor Cs applies a current with a fast phase to the sub-coil, and
accordingly, the rotor is started by the magnetic field and an induction current
generated from the sub-coil.

Next, the operation capacitor Cr applies a current with a phase slower
by 90° than that of the current flowing at the sub-coil to the main coil, and

accordingly, the stator generates a rotation magnetic field by the current
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flowing at the main coil, so the rotor can be rotated upon receiving power
continuously.

In this case, because the rotor body is made of a ferromagnetic
substance of high permeability, the magnetic field generated by the main coil
and the sub-coil magnetizes the rotor, and accordingly, the rotor is rotated
upon receiving a hysteresis torque (H) by a hysteresis effect as shown in FIG.
3.

Namely, as shown in FIG. 3, the rotor receives the hysteresis torque
(H) and an induction torque (l) so as to be rotated.

If the speed of the rotor becomes the same as a synchronous speed
(3,600rpm) of the rotation magnetic field, the rotor is always slower than the
synchronous speed of the rotation magnetic field. Namely, a slip phenomenon
occurs.

At this time, when a strong current is applied to the exciting coil, a
strong magnetic flux generated by the exciting coil is transferred to a
magnetic material surrounding an outer circumferential surface of the rotor to
magnetize the magnetic material.

Then, the magnetic material is magnetized to become a permanent
magnet which is rotated along the rotation magnetic field which has been
already generated at the stator.

In this case, although the rotation speed of the rotor is gradually
increased to be the same as the synchronous speed of the rotation magnetic
field, the permanent magnet can be continuously rotated along the rotation

magnetic field, so the rotary force of the rotor will not be reduced.
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That is, the self-magnetizing motor according to the present invention
undergoes two-stage rotation process: It is rotated by the induction torque (1)
and the hysteresis torque (H) at the low speed stage, and then, when it enters
the high speed stage (synchronous speed: 3,600 rpm), the exciting coil
magnetizes the magnetic material so that the self-magnetizing motor can be
rotated by the magnetization torque (P).

In this case, because the strong current needs to be applied through
the exciting coil only at the instant the magnetic material is magnetized, a
heat loss that may be possibly generated at the coil when the strong current
is continuously applied can be reduced and thus the motor efficiency can be
increased.

Here, in the present invention, the strong current is applied through the
exciting coil only at the instant when the magnetic material is magnetized by
using the exciting unit 100.

The operation of the exciting unit 100 will now be described with
reference to FIG. 4.

First, when power is applied, the timer (MTa) of the main contact ‘a’
(Ma) is operated, and when a certain time (Ton) lapses after the main contact
‘a’ (Ma) is operated, the main contact ‘a’ (Ma) enters a closed state from an
opened stated.

When the main contact ‘a’ (Ma) is in the closed state, the timer (STa)
of the auxiliary contact ‘a’ (Sa) and the timer (STb) of the auxiliary contact ‘b’
(Sb) are operated.

When the operation time of the timer (STa) of the auxiliary contact ‘a’
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(Sa) reaches a certain time (Ta), the auxiliary contact ‘a’ (Sa) enters the
closed state from the opened state.

Simultaneously when the timer (STb) of the auxiliary contact ‘b’ (Sb) is
operated, the auxiliary contact ‘b’ (Sb) enters the closed state from the
opened state, and when the operation time of the timer (STb) of the auxiliary
contact ‘b’ (Sb) reaches a certain time (Tb), the auxiliary contact ‘b’ (Sb)
enters the opened state from the closed state.

Accordingly, the excitation application time for applying power to the
exciting coil is “Ton’, and the excitation time is Tex=Tb-Ta-1 Cycle’.

The excitation application time and the excitation time will be described
in detail as follows.

First, when power is applied at steps 0 to 3 and the main timer (MT) is
operated to be turned on, the main contact ‘a’ (Ma) is in the opened state
during a certain time (Ton).

Next, when the certain time (Ton) lapses at steps 3 to 5, the main
contact ‘a’ (Ma) is closed.

In addition, the auxiliary contacts ‘a’ and ‘b’ (Sa and Sb) are operated
so that the auxiliary timer ‘a’ (STa) is turned on and the auxiliary contact ‘a’
(Sa) is maintained to be in the opened state while the auxiliary timer ‘b’ (STb)
is turned on and the auxiliary contact ‘b’ (Sb) is maintained to be in the closed
state.

Thereafter, when the auxiliary timer ‘a’ (STa) is turned on and the
auxiliary contact ‘a’ (Sa) is closed at steps 5 and 6, an excitation current is

applied to the exciting coil through the auxiliary contact ‘b’ (Sb) during one
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cycle.

And then, when the auxiliary timer ‘b’ (STb) is turned on at steps 6 to 8,
the auxiliary contact ‘b’ (Sb) is changed from the closed state to the opened
state, and accordingly, the excitation current applied to the exciting coil is cut
off.

Here, the main contact ‘a’ (Ma), the auxiliary contact ‘a’ (Sa) and the
auxiliary contact ‘b’ (Sb) are formed of a relay(s) or bi-directionally conductive
power semiconductor.

Namely, in the present invention, without having to a high-priced
electronic control device, the excitation application time and the excitation
time for supplying power to the exciting coil can be determined by using the
analog timer.

As so far described, the apparatus and method for controlling starting
of the motor according to the present invention has such an advantage that
because exciting coil of the motor is controlled by using the analog timer to
control the excitation control circuit of the motor controlling apparatus, the
excitation control circuit for exciting the exciting coil can be simplified, and in
addition, because the excitation control circuit for exciting the exciting coil and
the component construction of the excitation controller are simplified, the

complexity can be reduced.

10
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CLAIMS

1. An apparatus for controlling starting of a motor comprising:
a sub-coil and a main coil; and
5 an exciting unit which is electrically connected with the sub-coil and the
main coil, determines an excitation application time and an excitation time,
and generates an excitation current according to the determined excitation

application time and the excitation time.

10 2. The apparatus of claim 1, wherein the exciting unit comprises:
a main contact that allows power to be supplied to a timer;
an auxiliary contact that allows power to be supplied an exciting cail;
and
a timer that controls switching of the main contact and the auxiliary
15 cqntact to allow power supply to the exciting coil to be cut off or to be

supplied.

3. The apparatus of claim 2, wherein the timer comprises:
a main timer that controls the excitation application time; and
20 an auxiliary timer that determines an excitation time for supplying

power to the exciting cail.

4. The apparatus of claim 3, wherein the main timer comprises:

a main contact ‘a’ that allows power to be supplied to the auxiliary

11
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timer; and
a main timer ‘a’ that controls the excitation application time by

controlling ON/OFF of the main contact ‘a’.

5. The apparatus of claim 3, wherein the auxiliary timer comprises:

auxiliary contacts ‘a’ and ‘b’ that allow power to be supplied to the
exciting coil; and

auxiliary timers ‘a’ and ‘b’ that determine the excitation time by using a
time difference of when the auxiliary contact ‘a’ and the auxiliary contact ‘b’

respectively become conductive.

6. The apparatus of claim 3, wherein when the main timer is operated

for a certain time period, it automatically returns to its original state.

7. The apparatus of claim 3, wherein when the auxiliary timer is

operated for a certain time period, it automatically returns to its original state.

8. The apparatus of claim 1, wherein the timer comprises:

a main contact ‘a’ that allows power to be supplied to the auxiliary
timer;

a main timer that controls an excitation application time for controlling
conducting of the main contact ‘a’;

auxiliary contacts ‘a’ and ‘b’ that allow power to be supplied to the

exciting coil; and

12
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an auxiliary timer that determines the excitation time by using a time

difference between the auxiliary contacts ‘a’ and ‘b’.

9. The apparatus of claim 8, wherein the contact ‘a’ is formed of a relay

or a bi-directionally conductive power semiconductor.

10. The apparatus of claim 8, wherein the auxiliary contact ‘a’ is

formed of a relay or a bi-directionally conductive power semiconductor.

11. The apparatus of claim 8, wherein the auxiliary contact ‘b’ is

formed of a relay or a bi-directionally conductive power semiconductor.

12. A method for controlling starting of a motor comprising:

a first step of turning on a timer of a main contact ‘a’ during a certain
time period; and

a second step of turning on a timer of an auxiliary contact ‘a’ and a
timer of an auxiliary contact ‘b’, after the timer of the main contact ‘a’ is
operated for a certain time period, in order to supply power to an exciting coil

for a certain time period.

13. The method of claim 12, wherein the second step of supplying
power to the exciting coil for a certain time period comprises:
simultaneously operating the timers of the auxiliary contacts ‘a’ and ‘b’

for a certain time period.

13
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14. The method of claim 12, further comprising:
previously setting the operation time of the timer of the main contact ‘a’

and the timer of the auxiliary contact ‘b’.

15. The method of claim 12, wherein the contact ‘a’ is formed of a relay

or a bi-directionally conductive power semiconductor.

16. The method of claim 12, wherein the auxiliary contact ‘a’ is formed

of a relay or a bi-directionally conductive power semiconductor.

17. A method for controlling starting of a motor comprising:

a first step of operating a timer of a main contact ‘a’ during a pre-set
operation time; and

a second step of operating a timer of an auxiliary contact ‘a’ and a
timer of an auxiliary contact ‘b’ during the pre-set time period to supply power
to an exciting coil during a certain time period, after the timer of the main

contact ‘a’ is operated during the pre-set operation time.

18. The method of claim 17, wherein the second step of supplying

power to the exciting coil for a certain time period comprises:

simultaneously operating the timers of the auxiliary contacts ‘a’ and ‘b’

for a certain time period.

19. The method of claim 17, wherein the main contact ‘a’ is formed of a

14
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relay or a bi-directionally conductive power semiconductor.

20. The method of claim 17, wherein the auxiliary contact ‘a’ is formed

of a relay or a bi-directionally conductive power semiconductor.

15
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