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(57) Abstract: Object of the present invention lies on improving
a system stability by reducing an allowable eccentricity of laundry
below a preset value when a spinning speed reaches to a maximum
even if a vollage higher than a raled voltage is applied, by varying
a maximum limit of a lead angle with a voltage applied to a drum
type washing machine. For achieving the object of the present in-
vention, in a method for controlling a spinning speed of the present
invention, a maximum value of a lead angle is set to vary with an
applied voltage after detection of the applied voltage.
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METHOD FOR CONTROLLING SPINNING SPEED IN
DRUM-TYPE WASHING MACHINE

Technical Field

The present invention relates to a method for controlling a spinning speed of a
drum washing machine, and more particularly, to a method for controlling a spinning
speed of a drum washing machine, in which an upper limit of a lead angle is made to
vary with a voltage applied to the washing machine, to control an allowable
eccentricity of laundry at a maximum speed to be below a preset value, for securing a
system stability.

Background Art

In general, in the washing machine, there are a pulsator type washing machine
in which a washing tub rotates in a vertical position, and a drum type washing machine
in which the washing tub rotates in a horizontal position.

Particularly, the drum washing type, carrying out washing by using a friction of
Jaundry and a drum rotated as a driving power of a motor is received, gives almost no
damage to the laundry, causes no entangling of the laundry, and can provide pounding
and rubbing effects. ,‘

One exemplary related art direct coupling type drum washing machine will be
explained, with reference to FIG. 1, briefly. FIG. 1 illusirates a section of one
exemplary related art direct coupling type drum washing machine, provided with a tub
3 inside of a cabinet 5, and a drum 9 inside of the tub 3.

There is a drum shaft 13 fitted to the drum 9 for transmission of a driving
power of the motor 6 to the drum 9. There are bearings 12 in front and rear of the
drum shaft 13, and a bearing housing in a central part of a rear wall of the tub 3. There
is a stator 7 of the direct coupling type motor 6 fixed to a rear wall part of the tub 3, and
a rotor 8 of the direct coupling type motor 6 on the drum shaft 13 together with the
stator 7. According to this, the drum 9 is directly coupled to, and rotated with the rotor
8.

In the meantime, there is a door 1 in front part of the cabinet 5, and there is a
gasket 2 between the door 1 and the tub 3. There are hanging springs 4 between an

inside of an upper part of the cabinet 5 and an upper side of an outside circumference of
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the tub 3 for supporting the tub 3, and there is a friction damper 10 between an inside of

a lower part of the cabinet 5 and a lower side of an outside circumference of the tub 3,
for attenuating vibration of the tub 3 occurred during spinning. There is a motor sensor
11 at one side of the motor 6 for detection of a revolution speed of the rotor §&.

5 In the meantime, in the foregoing direct coupled drum washing machine,
revolution speed control of the drum 9 is carried out during spinning as follows. When
the rotor 8§ starts to rotate as the spinning starts, the motor sensor 11 keeps to detect a
revolution speed of the rotor 8, and transmits to a controller (not shown), and the
controller compares if the revolution speed of the rotor 8 is reached to a desired

10 revolution rate.

If the revolution speed of the rotor § is reached to a revolution speed (for an
example, 110rpm) the laundry is stuck to, and does not fall off from, an inside wall of
the drum 9, an eccentricity of the laundry is detected, and if the eccentricity is
determined to be higher than an allowable value, the drum is rotated again after the

15 drum is stopped, and if the eccentricity is determined to be lower than an allowable
value, the revolution speed of the rotor § is increased gradually.

That is, because rotation of the drum 9 under a state the eccentricity is
excessive at an initial spinning affects to a general rigidity of the system, such as
breaking the bearing 12 supporting the drum shaft 13 or breaking the tub 3, a full scale

20  spinning is progressed after the eccentricity is controlled under a preset value.

On the dther hand, if the eccentricity is determined to be below the allowable
value, the revolution speed of the rotor 8 is increased step by step until the revolution
speed reached to a maximum spinning speed, when the revolution speed of the rotor 8
is increased no more, but is maintained. |

25 In the increase of the revolution speed of the rotor 8 to the maximum
revolution speed for progressing spinning, the revolution speed of the rotor 8 is
controlled by means of ‘a duty value and a lead angle.

At first, the duty value is increased by PWM (Pulse Width Modulation) to a
revolution speed (for an example, 1000rpm) below the maximum revolution speed (for

30  an example, 1400rpm), and remained portion of the revolution speed required to reach
to the maximum revolution speed is increased by controlling the lead angle for bringing

the revolution speed into line with a desired maximum revolution rate.
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The control of the motor 6 speed by controlling the duty value and the lead

angle is made as follows.

At first, the duty value, varied by PWM Eontrol, is a value varied up to 0-250,
and the revolution speed of the rotor 8 is varied with the value, such that the greater the
duty value, the higher the revolution of the rotor. The lead angle is one for controlling a
spinning speed by controlling a phase difference of a current and a voltage, of which
purpose lies on bringing waveforms of the voltage and the current into conformity by
making the voltage applied earlier than the current within 0-75° phase taking a fact that
the phase of the current is later than the voltage into account, and it is favorable that the
waveforms of the voltage and the current are in conformity in view of power
consumption.

However, the related art direct coupling type drum washing machine has the
following problems in the method for controlling the spinning speed.

That is, though the process proceeds to a high speed spinning as the
eccentricity is detected to be below a preset value at an initial detection of the
ececentricity, if an eccentricity grater than a preset value is actually occurred due to
change of the eccentricity during the spinning, or inaccurate detection of the initial
eccentricity, the spinning is progressed as the lead angle increases gradually until the
preset maximum revolution speed is reached.

Once this happens, because it is dangerous as an excessive force is applied to
an entire system, such as a heavy load being applied.to the motor 6, it is designed that a
maximum value of the lean angle is controlled to be below a preset value (for an
example; 65°).

However, in the related art, not only the maximum lead angle value is fixed as
one value, but also the lead angle value is set to a value greater by a certain extent than
an actual lead angle required for reaching to the maximum spinning speed when the
rated voltage and eccentricity are normal.

When the lead angles are the same, the spinning revolution speed is varied with
the applied voltage, such that the higher the applied voltage, the higher the spinning
revolution rate.

Accordingly, in the related art as shown in FIG. 4, when a voltage higher than

the rated voltage is applied under a state both the lead angle and the load are the same,
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the allowable eccentricity for reaching to the maximum speed of the drum 9 becomes also
greater because the revolution speed of the rotor 8 and the drum 9 directly coupled thereto

become the higher compared to a case the rated voltage is applied.

However, if the eccentricity is greater than a certain amount (for an example, 300g)
under a state the drum 9 is reached to the maximum revolution speed, an excessive load is
applied to the entire washing machine system due to the excessive eccentricity over the
regular allowable value, which at the end weakens a rigidity as an overstrain is given to the

entire system, such as motor, and the like.

In the meantime, in the related art as shown in FIG. 4, there has been a
disadvantage that the maximum spinning speed can not be reached even if the lead angle is
increased up to a maximum lead angle despite of a small eccentricity though the applied

voltage is low.

Disclosure of Invention

It would be desirable to provide a system stability improvement in a drum washing
machine by reducing an eccentricity of laundry allowed when a maximum spinning speed
is reached to be below a preset value even if a voltage higher than a rated voltage is
applied, by designing an upper limit of the lead angle to be varied with the applied

voltage.

In a first aspect the present invention provides a method for controlling a spinning

speed of a drum washing machine, comprising the steps of:

(a) sensing a received voltage;
(b) comparing the received voltage to a rated voltage; and
(c) controlling a maximum value of a lead angle according to a size of the

“received voltage, wherein

an allowable eccentricity caused by non-uniform distribution of the laundry is made

to be maintained at a fixed level regardless of the received voltage.
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In a second aspect the present invention provides a method for controlling a

spinning speed of a drum washing machine, comprising the steps of:

(a) detecting a difference of a received voltage and a rated voltage at a voltage
sensing circuit;
(b) increasing a duty value up to a present value for rotation of the motor;

(c) comparing the received voltage to the rated voltage; and

(d) controlling a maximum value of the lead angle in consistency with a size of
the received voltage, wherein the step for controlling a maximum value of the lead angle in

consistency with a size of the received voltage,

changes the maximum value of the lead angle when the size of the received voltage
is larger than the rated voltage, such that the maximum value of the lead angle is smaller

than the maximum value of the lead angle at reception of the rated voltage,

changes the maximum value of the lead angle when the size of the received voltage
is smaller than the rated voltage, such that the maximum value of the lead angle is greater

than the maximum value of the lead angle at reception of the rated voltage, and

makes a size of the maximum value of the lead angle for the received voltage to

vary with a difference of the received voltage and the rated voltage.

Brief Description of Drawings

FIG. 1 illustrates a section of one exemplary related art direct coupling type drum

washing machine;

FIG. 2 illustrates a flow chart for showing the steps of a related art controlling

method;

FIG. 3 illustrates a flow chart for showing the steps of a controlling method in

accordance with a preferred embodiment of the present invention; and

FIG. 4 illustrates a table showing a comparison of allowable eccentricities at
maximum speeds for a maximum lead angle for a voltage of the present invention and for a

maximum lead angle in the related art.
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Best Mode for Carrving Out the Invention

One embodiment of the present inventibn will be explained, with reference to
FIGS. 3and 4.

FIG. 3 illustrates a flow chart for showing the steps of a controlling method in
accordance with a preferred embodiment of the present invéntion, and FIG. 4 illustrates
a table showing a comparison of allowable eccentricities at maximum speéds for a
maximum lead angle for a voltage of the presef:t invention and for a maximum lead
angle in the related art. The present invention suggests sensing received voltage and
setting a maximum lead angle to be varied with the received voltage in a method for
controlling a spinning speed of a drum washing machine.

When the received voltage is higher than a rated voltage, 2 maximum lead
angle is smaller than a maximum lead angle at reception of the rated voltage, and when
the received voltage is lower than the rated voltage, the maximum lead angle is higher
than the maximum lead angle at reception of the rated voltage.

The method for controlling a spinning speed of a direct coupling type drum
'w-ashihg machine in accordance with a preferred embodiment of the present invention
will be explained in detail, with reference to the flow chart in FIG. 3.

First of all, it is the same with the related art that the speed of the rotor is
brought to be the same with the maximum spinning speed by increasing the duty value
through PWM (Pulse Width Modulation), to increase a revolution s]peed of the rotor to
a preset speed (for an example; 1,000rpm) below a maximum speed (for an example;
1,400rpm), and by increasing a remained portion for reaching to the maximuri speed
through controlling the lead angle.

In the meantime, in general, since the washing machine has a voltage sensing
circuit for preventing an ap;z{iance from being operated in a case an irregular voltage,
out of an operative range of tiie appliance, is received, the received voltage is sensed by
the voltage sensing circuit and transmitted to the controller.

Then. the controller maintains, or changes, the maximum value of the lead
angle according to a size of the received volitage sensed at the voltage sensing circuit.

That is, though, when the rated voltage is received, the spinning is basically

progressed as the lead angle set to the rated voltage is maintained, when a voltage,

~higher or lower than the rated voltage, is received, the spinning is progressed in a state
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the value is changed to the maximum value of the lead angle for the received voltage

with reference to a maximum data of lead angles set differently for voltage values (or
voltage ranges).

For an example, as shown in FIG. 4, if 230V is the rated voltage, though the
lead angle is 65° in the related art, in a case the rated voltage 230V is applied, the
maximum value of the lead angle is 57°.

Moreover, as shown in FIG. 4, though, in a case even if the received voltage is
higher than 261V in the related art, the maximum value of the lead angle is 65°, in a
case the received voltage is higher than 261V in the present invention, the maximum
value of the lead angle is 47°.

Acéording to this, since the maximum value of the lead angle is 65° even in a
case a voltage higher than the 261V of the rated voltage is received in the related art,
which lead angle has the allowable eccentricity of 750g that is excessive, the excessive
eccentricity causes an excessive load on the entire system during the spinning
maximum speed is reached.

' However, since the maximum lead angle value is changed to 47° with
reference to the maximum limited lead angle data for received voltages in a case a
voltage higher than the 261V is received in the present invention, no excessive load is
applied to the entire system because the allowable eccentricity is below 300g at the
time of the maximum spinning speed even if the lead angle is increased to a maximum.

That is, in the present invention, maximum values of the lead angles are fixed
for different voltages such that the spinning speed can reach to the maximum speed
only in a state the eccentricity is 300g regardless of any received voltages, thereby
applying no excessive load to the system.

Of course, the maximum value data of the lead angle set differently depending
on voltages is in the controller, already.

In summary, in controlling the spinning speed of a drum washing machine, the
present invention senses the received voltage, and varies a maximum value of the lead
angle with reference to a size of the voltage, so that the maximum load applied to an
entire system, such as motor, and the like, is within a stable range even if the voltage
varies.

By this, the present invention can secure a stability of system, such as motor,
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even if any voltage is applied thereto during spinning, because the allowable

eccentricity does not exceed a preset value (for an example: 300g) when the maximum
speed is reached, leading the maximum load applied to the system, such as motor, to be
always below a preset value, too.

Meanwhile, though the embodiment of the present invention takes the drum
washing machine as an example, of course, the technical aspect of the present invention
is applicable to other types of washing machines, such as a pulsator type, and the like.

Industrial Applicability

As has been explained, by a maximum limited value of a lead angle is varied
with a size of voltage received at a drum washing machine, the present invention makes
an eccentricity of the laundry allowable at a maximum spinning speed to be below a
preset value even if a voltage higher than a rated voltage is received.

Accordingly, the present invention is made to achieve system stability
improvement by maintaining a load applied to the motor or the like of the drum
washing machine to be below a preset value.

In the meantime, the embodiment of the present invention takes a drum
washing machine as an example, the technical aspect of the present invention is of
course applicable to other types of washing machines, such as a pulsator type washing

machine,
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What is Claimed is:

1. A method for controlling a spinning speed of a drum washing machine,
comprising the steps of: .

(2) sensing a received voltage; ‘

(b) comparing the received voltage to a rated voltage; and,

(c) controlling a maximum value of a lead angle according to a size of the
received voltage, wherein

an allowable eccentricity caused by non-uniform distribution of the laundry is

made to be maintained at a fixed level regardless of the received voltage.

2. A method as claimed in claim 1, wherein the maximum value of the lead
angle 1s éhanged when the size of the received voltage is larger than the rated voltage,
such that the maximum value of the lead angle is smaller than the maximum value of

the lead angle at reception of the rated voltage.

3. A method as claimed in claim 1, wherein the maximum value of the lead
angle is changed when the size of the received voltage {3 sfitaller thart the raked voltage,
such that the maximum value of the lead angle is greater than the maximum value of

the lead angle at reception of the rated voltage.

4. A method as claimed in one of claims 1 to 3, wherein a size of the maximum
value of the lead angle for the received voltage varies with a difference of the received

voltage and the rated voltage.

5. A method for controlling a $pinning spéed of a drum washing machine,
comprising the steps of:

(a) detecting a difference of a received voltage and a rated voltage at a voltage
sensing circzlit; |

(b) increasing a duty value up to a preset value for rotation of the motor;

(c) comparing the received voltage to the rated voltage; and,

(d) controlling a maximum value of the lead angle in consistency with a size of

the received voltage, wherein the step for controlling a maximum value of the lead
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angle in consistency with a size of the received voltage,..

changes the maximum value of the lead angle when the size of the received
voltage is larger than the rated voltage, such that the maximum value of the lead angle
is smaller than the maximum value of the lead angle at reception of the rated voltage,

changes the maximum value of the lead angle when the size of the received

1
voltage is smaller than the rated voltage, such that the maximum value of the lead angle

is greater than the maximum value of the lead angle at reception of the rated voltage,

and
makes a size of the maximum value of the:lead angle for the received voltage

to vary with a difference of the received voltage and the rated voltage.

6. A method for controlling a spinning speed of a drum washing machine
having the steps substantially as hereinbefore described with reference to the

accompanying drawings.

LG Electronics Inc.

By Freehills Carter Smith Beadle

Registered Patent Attorneys for the Applicant
28 September 2004
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FIG.2
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FIG.3
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