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Description
FIELD OF THE INVENTION

[0001] This invention relates to a drum washing machine provided with a drum rotated about a generally horizontal
axis and means for balancing laundry stuck to an inner periphery of the drum prior to a dehydrating or spinning operation.
Document GB-A-2 322 141 describes such a machine.

BACKGROUND ART

[0002] Abnormal oscillation or vibration is sometimes produced in drum washing machines when a centrifugally de-
hydrating operation is carried out while laundry is stuck to an inner periphery of a drum. There have conventionally been
proposed various operation manners for improving uneven distribution of laundry in the drum before start of a high-
speed rotation (hereinafter, "balancing operation"). In one of these improving manners, a rotational speed of the drum
is gradually reduced so that laundry is balanced. This balancing operation is executed according to a speed curve as
shownin FIG. 12, for example. Firstly, a rotational speed of the drum is increased up to a sufficient value (angular velocity
Na) at which laundry is stuck to the inner periphery of the drum. Thereafter, the rotational speed is gradually decreased
with a small gradient.

[0003] A centrifugal force applied to laundry in a drum being rotated at an angular velocity w is represented as Ri-o?
where Ri is a distance from the rotation center of the drum to laundry. When a rotational axis of the drum is substantially
horizontal, part of the laundry in which the value of centrifugal force, Ri -w? is equal to or larger than the gravitational
acceleration g remains stuck to the inner peripheral face of the drum, whereas part of the laundry in which the value of
centrifugal force, Ri-w? is smaller larger than the gravitational acceleration g is unstuck when arriving near a maximum
point, falling down.

[0004] FIG. 10A shows an interior of the drum 101 in the case where the angular velocity w is equal to the aforesaid
angular velocity Na. Since a centrifugal force applied to laundry 102 is equal to or larger than the gravitational acceleration
g, the laundry 102 does not fall down even when reaching the maximum point. Suppose now the case where the angular
velocity w is gradually reduced in the above-noted state. A centrifugal force applied to laundry is proportional to the
distance from the rotation center of the drum to the laundry. Accordingly, laundry C having a short distance from the
rotation center of the drum 101 falls earlier than the laundry 101 stuck to the inner periphery of the drum when the angular
velocity wis decreased to value Nb. Thus, the laundry is dissolved from the unbalanced state and is balanced at angular
velocity Nb when all earlier fallen laundry sticks to a part of the inner periphery away from the rotation center and does
not fall even when reaching the maximum point

[0005] When the laundry is balanced at angular velocity Nb as shown in FIG. 12, the angular velocity w is immediately
increased to angular velocity Na or Nc slightly higher than Na. The actual balanced state of laundry is confirmed in a
predetermined period of time Ta. When the balanced state is determined to be proper by the confirmation, the angular
velocity wis increased to Nd and the centrifugally dehydrating operation is started. On the other hand, when the balanced
state is determined to be improper, the angular velocity w is once returned to zero and the balancing operation is re-
executed.

[0006] A brushless DC motor is conventionally employed to drive the drum 101. The brushless DC motor is driven by
an inverter device in most cases (voltage drive). FIG. 13 shows one of such conventional inverter devices. The inverter
device 200 comprises a position detecting section 201, adder 202, Pl control section 203, U-V-W conversion section
204, PWM signal forming section 205 and PWM inverter circuit 206. The position detecting section 201 processes two-
phase signals from a Hall sensor 208 mounted on an electric motor 207 to detect phase 6 and angular velocity w of a
rotor of the motor. The detected angular velocity w is supplied to the adder 202, which calculates a deviation of the
angular velocity w from a command angular velocity value wref. The calculated deviation is supplied to the PI control
section 203. The PI control section 203 applies a Pl operation to the obtained deviation to calculate a voltage command
value applied to the motor 207. A result of calculation is supplied to the U-V-W conversion section 204 in the forms of
DUTY and PHASE in the case where DC voltage is subsequently pulse-width modulated. The U-V-W conversion section
204 decomposes the supplied voltage command value into three-phase command values, supplying the command
values to the PWM signal forming section 205. With reference to phase 6 detected by the position detecting section 201,
the PWM signal forming section 205 finally generates PWM signals for operating respective switching elements of the
PWM inverter circuit 206 driving the respective phase coils of the motor 207. Consequently, the switching elements are
turned on and off so that voltages according to the voltage command value are applied to the coils respectively, whereby
the rotational speed of the motor 207 is adjusted so as to correspond to the angular velocity command value wref.
[0007] However, the above-noted conventional control manner has the following problems. As described above, the
voltage applied to the motor 207 is proportional to the value obtained by the Pl operation of the deviation between the
angular velocity wand the angular velocity command wref. Thus, the rotational speed control of the motor 207 is carried
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out by voltage control. Torque developed by the motor 207 is proportional to the magnitude of current flowing into the
coils. Even if the voltage proportional to the value obtained by the PI operation is applied to the coils, the current
proportional to the aforesaid angular velocity deviation would not be obtained, and accordingly, torque developed is not
proportional to the value obtained by the PI operation. Thus, in the case of the voltage control, the follow-up of the
angular velocity w relative to the angular velocity command wref is low such that the speed control tends to be unstable.
Furthermore, the responsiveness of speed control is also low since a period of the feedback control is conventionally
several hundreds msec.

[0008] Under the above-described conditions, the angular velocity w changes as shown by a curve in FIG. 11 when
the angular velocity command wref is reduced with a gentle gradient from the time when the angular velocity wbecomes
Na in the aforesaid balancing operation. More specifically, the angular velocity w is reduced while meandering about a
straight line indicative of the angular velocity command wref.

[0009] The aforesaid balancing operation is caused near the angular velocity at which a centrifugal force acting on
the laundry directly stuck to the inner periphery of the drum becomes equal to the gravitational acceleration g (a range
from wl to w2). For improvement in the balancing effect, it is desirable that the value of angular velocity w should be
within the range from wl to w2 in which the balancing operation works, for a long period of time. The period of time is
increased as shown by period T2 in FIG. 11 when the angular velocity w is reduced in accordance with the angular
velocity command wref. However, when the angular velocity wis reduced while meandering as shown in the figure, the
time period becomes short as shown by T1 in the figure. Accordingly, a time period in which the balancing operation
works becomes short such that balancing is rendered difficult. Furthermore, when the angular velocity wis reduced while
meandering, to determine whether laundry is well balanced becomes difficult and a time period required for the deter-
mination is increased.

SUMMARY OF THE INVENTION

[0010] Therefore, an object of the present invention is to provide a drum washing machine in which laundry stuck to
the inner periphery of the drum can be balanced prior to the dehydrating operation.

[0011] An electric motor rotating a drum comprises a brushless DC motor including a rotor provided with a permanent
magnet. Current flowing into the motor is divided into a d-axis current component parallel to magnetic flux established
by the permanent magnet and a g-axis current component perpendicular to the d-axis current component, and the
rotational speed of the drum is controlled by a vector control in which the current components are individually controlled
so as to correspond with respective command values.

[0012] In order that laundry stuck to the inner periphery of the drum may be balanced, before start of a centrifugally
dehydrating operation, a rotational speed of the drum is once increased to a speed at which laundry sticks sufficiently
to an inner periphery of the drum. Thereafter, a rotational speed gradually reducing operation starts to gradually reduce
the rotational speed. The rotational speed of the drum is increased for proceed to the centrifugally dehydrating operation
immediately when it is determined during reduction in the rotational speed that the laundry is balanced in the drum.
Rotation of the drum is once stopped and thereafter, the rotational speed of the drum is gradually re-increased when it
is not determined that the laundry is balanced in the drum, in spite of a sufficient reduction in the rotational speed of the
drum. Such a cycle for the balancing is executed at a predetermined number of times. When it is still not determined
that the laundry is balanced in the drum, an alarming operation is carried out and the washing machine is stopped.
[0013] When a variation width of the g-axis current component is reduced to or below a predetermined value, it is
determined that the laundry is balanced in the drum.

[0014] The laundry can be stuck uniformly to the inner periphery of the drum by the foregoing balancing operation.
Consequently, the washing machine can smoothly proceed to the centrifugally dehydrating operation.

[0015] According to the present invention, there are provided a drum washing machine and a method of controlling
the drum washing machine as defined in the claims appended hereto.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Other objects, features and advantages of the present invention will become clear upon reviewing the following
description of embodiments, made with reference to the accompanying drawings, in which:

FIG. 1 is a diagram of a motor drive circuit for a washing machine in accordance with the present invention;

FIG. 2 is a longitudinal section of the washing machine;

FIG. 3 is a flowchart showing the balancing operation in a first embodiment;

FIG. 4 is a waveform chart of the g-axis current in the motor drive circuit of FIG. 1;

FIGS. 5A, 5B and 5C are waveform charts of ac component of the g-axis current as shown in FIG. 4, squared ac
component, and squared ac component from which harmonic components have been eliminated respectively;
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FIG. 6 is a graph showing an example of angular velocity curve in the balancing operation in the first embodiment;
FIG. 7is agraph showing another example of angular velocity curve in the balancing operationin the firstembodiment;
FIG. 8 is a graph showing an example of angular velocity curve in the balancing operation in a second embodiment;
FIG. 9 is a graph showing another example of angular velocity curve in the balancing operation in the second
embodiment;

FIGS. 10A and 10B are diagrams showing the cases where the centrifugal force acting on laundry in the drum and
the manners of balancing operation when the angular velocity is large and small respectively;

FIG. 11 is a graph showing changes in the angular velocity of the drum in the prior art;

FIG. 12 is a graph showing an example of angular velocity curve in the balancing operation in the prior art; and
FIG. 13 is a diagram of motor drive circuit in the prior art.

BEST MODE FOR CARRYING OUT THE INVENTION

[0017] Embodiments of the drum washing machine in accordance with the present invention will be described with
referenceto FIGS. 1to 11. The inventionis applied to a drum washing machine having a drum rotated about a substantially
horizontal axis. An overall construction of the washing machine will be described with reference to FIG. 2. The drum
washing machine comprises an outer cabinet 1. A door 2 is mounted on a central part of the front of the cabinet 1, which
front is shown as a right side in FIG. 2. The door 2 closes and opens an access opening 4 formed in the central front of
the cabinet 1. An operation panel 3 is mounted on the cabinet front so as to be located above the door 2. The operation
panel 3 includes a number of switches and displays.

[0018] A cylindrical water tub 5 is provided in the cabinet 1 so as to be inclined rearwardly downward. The water tub
5 is elastically supported by a pair of right and left elastic supporting mechanisms 6. A cylindrical drum 7 is provided co-
axially in the water tub 5. The drum 7 includes an inner peripheral wall having a number of dehydration holes 8 which
also serve as ventilation holes. The drum 7 functions as a wash tub, dehydrating tub and drying tub. The inner peripheral
wall of the drum 7 also has a plurality of baffles 9.

[0019] The water tub 5 and drum 7 have fronts formed with openings 10 and 11 through which laundry is put into and
taken out of the drum respectively. The opening 10 of the water tub 5 water-tightly communicates with the access opening
4 with bellows 12 provided therebetween. The opening 11 of the drum 7 faces the opening 10 of the water tub 5. A
balancing ring 13 is mounted around the opening 11 of the drum 7.

[0020] An electric motor 14 is mounted on a rear of the water tub 5 for rotating the drum 7. The motor 14 is a brushless
DC motor of the outer rotor type in which a rotor is disposed around a stator. A stator 15 of the motor 14 is mounted on
an outer periphery of a bearing housing 16 further mounted on a central rear of the water tub 5. A rotor 17 of the motor
14 is disposed outside the stator 15 so as to cover it. A centrally mounted rotational shaft 18 is rotatably mounted on
bearings 19 further mounted on the bearing housing 16. The rotational shaft 18 includes a front end protruding from the
bearing housing 16 and connected to a central rear of the drum 7, whereby the drum 7 is rotated with the rotor 17 of the
motor 14 when the rotor is rotated.

[0021] A hot-air generator 24 is provided on a top of the water tub 5. A heat exchanger 25 of the water-cooled type is
provided on the rear of the water tub 5. The hot-air generator 24 comprises a hot-air heater 27 provided in a case 26,
a fan 29 provided in a casing 28 and a fan motor 31 rotating the fan 29 via a belt transmission mechanism 30. The case
26 communicates with the casing 28. A duct 32 is connected to a front of the case 26. The duct 32 has a distal end
which protrudes into a front upper interior of the water tub 5, facing the opening 12 of the drum 7.

[0022] Hot air is generated by the heater 27 and fan 29 and supplied through the duct 32 into the drum 7. The hot air
supplied into the drum 7 heats laundry and absorbs water content from the laundry. Air containing the absorbed water
content is discharged to the heat exchanger 25 side. An upper interior of the heat exchanger 25 communicates with the
interior of the casing 28, whereas a lower interior of the heat exchanger communicates with the interior of the water tub
5. The heat exchanger 25 cools water vapor contained in air passing through the interior thereof when water poured
from its upper portion falls down, thereby dehumidifying air. The air passing through the heat exchanger 25 is returned
to the hot-air generator 24 to be heated and recirculated.

[0023] A drive circuit for the motor 14 driving the drum 7 will now be described. FIG. 1 is a block diagram showing an
example of the drive circuit. A motor drive circuit 40 employs a sensor-less vector control system. The motor drive circuit
40 includes a current control circuit 50, a rotational position estimating circuit 60 for estimating a rotational position of
the motor rotor 17, a current command determining circuit 70 and a balanced state determining circuit 80.

[0024] The current control circuit 50 comprises adders 51a and 51b, proportional integral (P1) circuits 52a and 52b, a
coordinate transformer 53, a PWM signal forming circuit 54, a PWM inverter circuit 55 and a current detecting circuit 56.
The current detecting circuit 56 comprises current detectors 56a and 56b, a three-to-two phase converter 56¢ and a
vector rotator 56d. The rotational position estimating circuit 60 comprises an induced voltage estimating circuit 61, a
proportional integral circuit 62 and an integrator 63. The current command determining circuit 70 comprises an adder
71 and a proportional integral circuit 72.



10

15

20

25

30

35

40

45

50

55

EP 1548 169 B1

[0025] The current detectors 56a and 56b are connected between the PWM inverter circuit 55 and the motor 14 to
detect a three-phase current, lu, Ivand Iw (lw is calculated from lu and Iv). The detected three-phase current is converted
by the three-to-two phase converter 56c¢ to a two-phase current la, I equivalent to the three-phase current. The two-
phase current la, IB is further converted by the vector rotator 56d to current Id, Iq of d-axis and g-axis component. A
rotational position estimating value 8 which will be described in detail later is used in the conversion operation. In this
case, the d-axis and g-axis are rotating coordinate axes in which a direction of magnetic flux established by the permanent
magnet of the rotor is a d-axis (magnetic flux axis) and a direction perpendicular to the d-axis is a g-axis (torque axis).
As well known, the d-axis current Id is a current component contributing to a magnetic flux generation and the g-axis
current Iq is a current component contributing to rotating torque generation.

[0026] Deviations Ald, Alqg of the calculated currents Id, Ig from current command values Idr, Igr are obtained by the
adders 51a, 51b respectively. Output voltage command values Vd, Vq are obtained by the proportional plus integral
circuits 52a and 52b from the deviations Ald, Alq respectively. The output voltage command values Vd, Vq are converted
by the coordinate transformer 53 to values of fixed biaxial coordinate system. Three-phase pulse modulated signals are
formed by the PWM signal forming circuit 54 on the basis of the converted values of fixed biaxial coordinate system.
The estimated rotational position value 6 is also used in the conversion operation by the coordinate transformer 53. A
pulse width modulated (PWM) signal is supplied to the PWM inverter circuit 55, whereby voltage is applied to an armature
coil of the motor 14. Thus, power is supplied to the motor 14 by the current control circuit 50, and the value of current
flowing depends upon the current command values Idr and Iqgr.

[0027] A rotational position of the rotor is required for the operation by each of the vector rotator 56d and coordinate
converter 53. The rotational position of the rotor is detected by a rotation sensor mounted on the motor 14, for example,
an encoder. However, the arrangement of FIG. 1 employs a position sensor-less system estimating a rotational position
of the rotor from motor current Id, 1q or the like.

[0028] An induced voltage estimating circuit 61 of the rotational position estimating circuit 60 is supplied with current
Id, 1q, d-axis output voltage command value Vd and an estimated angular velocity value w of the rotor. Furthermore, the
induced voltage estimating circuit 61 stores data of inductance Ld, Lq of the armature coil and resistance R, all of which
are circuit constants of the motor 14. Using these input values and circuit constants, the induced voltage estimating
circuit 61 calculates a d-axis direction estimated value Eds (a d-axis component the inverter device 40 recognizes) of
an induced voltage generated in the armature coil by the magnetic flux established by the permanent magnet, by the
following equation:

Eds=Vd—R-Id—Ld-p_Id+co-Lq-Iq (1)

where p is a differential operator. The obtained estimated induced voltage value Eds is supplied to the proportional plus
integral circuit 62, which delivers the following value as an estimated angular velocity value w:

0=-Gl-Eds -~ G2-JEds-dt (2)

where G1 and G2 are gain constants.
[0029] The estimated rotational position value 6 is obtained from the following equation by integrating the aforesaid
estimated angular velocity value w by the integrator 63:

0=lw-dt , | (3)

Thus, the estimated angular velocity value wand the estimated rotational position value 6 are determined by the rotational
position estimating circuit 60. When the balancing operation calculated from equation (2) is continued by the proportional
plus integral circuit 62, the d-axis direction estimated value Eds calculated by equation (1) converges at zero in a short
period of time.

[0030] Atthe time when the d-axis direction estimated value Eds converges at zero, the d-axis recognized (estimated)
by the inverter corresponds with the direction of magnetic flux established by the permanent magnet, and the estimated
rotational position value 8 is equal to an actual rotational position and the estimated angular velocity value wis equal to
an actual angular velocity of the rotor. According to the circuit arrangement of FIG. 1, the rotational position 8 and angular
velocity w can be detected without use of any rotational sensor.
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[0031] The adder 71 of the current command determining circuit 70 obtains a deviation Aw between the estimated
angular velocity w and the angular velocity command value wref supplied from an operation instructing circuit 90 of the
washing machine. The obtained deviation Aw is further processed by the proportional plus integral circuit 72, which
supplies output as a g-axis current command value Igr. The adder 51b obtains a deviation Alq between the g-axis current
command value Iqr and the detected g-axis current Ig. The deviation Alq is adjusted by the proportional plus integral
circuit 52b so as to converge at zero. By the adjustment of the proportional plus integral circuits 52b and 72, the estimated
angular velocity value w corresponds to the angular velocity command value wref, whereupon the motor 14 is rotated
at the angular velocity command value wref designated by the operation instructing circuit 90.

[0032] Since the d-axis current Id does not contribute to the torque development, the current command value Idr is
normally set at zero except for the centrifugal dehydrating operation requiring a high speed rotation. The d-axis current
Id is controlled by the proportional plus integral circuits 52a so as to become equal to the current command value Idr.
The balancing determining circuit 80 will be described in detail later.

[0033] The above-described operational processing is periodically performed by an operator such as DSP (digital
signal processor). The operation is carried out in the sequence of the three-to-two phase converter 56c, vector rotator
56d, balanced state determining circuit 80, induced voltage estimating circuit 61, proportional plus integral circuit 62,
integration circuit 63, adder 71, proportional plus integral circuit 72, adders 51a and 51b, proportional plus integral circuits
52a and 52b, coordinate transformer 53 and PWM signal forming circuit 54. An operational period is very short, for
example, about 128 msec.

[0034] The speed control does not function well in the motor drive circuit 40 of the sensor-less vector control system
when the value of angular velocity w of the motor 14 is too small. Accordingly, when the motor 14 starts in a stationary
state, another starting control is carried out until the angular velocity w is increased to a value at which the angular
velocity can be controlled by the sensor-less vector control. The starting control will not be described in detail here since
various proposals have been made regarding the starting control. In brief, for example, instead of the output of the
coordinate converter 53, the operation instructing circuit 90 may be designed to directly supply two-phase voltage Va,
VB to the PWM signal forming circuit 54, so that the two-phase voltage Va, VB is gradually increased from zero thereby
to increase the rotational speed of the motor 14.

[0035] Inthe washing machine constructed and arranged as described above and provided with the foregoing motor
drive circuit, a balancing operation is carried out in order to improve uneven distribution of laundry stuck on the inner
periphery of the drum, prior to a centrifugally dehydrating operation. The balancing operation will be described.

First embodiment of the balancing operation

[0036] A first embodiment of the balancing operation will be described with reference to FIGS. 3 to 7. FIG. 6 shows
changes in the rotational speed (angular velocity w) of the drum 7 in a period from the start of balancing operation to
the start of centrifugally dehydrating operation. FIG. 3 is a flowchart showing the balancing operation.

[0037] Inthe embodiment, the rotational speed of the drum 7 is increased to an angular velocity Na which is sufficient
for the laundry to stick to the inner periphery of the drum 7 at an initial stage of the balancing operation (step S1). In this
speed increase, the operation instructing circuit 90 delivers angular velocity Na as the angular velocity command value
wref. The starting control is firstly carried out in the course of the speed increase from the stationary state, as noted above.
[0038] The speed gradually reducing operation starts after angular velocity Na has been reached. At step S2 which
is executed repeatedly, the angular velocity command value wref is replaced by a value smaller by Awl than the command
value. Simultaneously, whether laundry is balanced in the drum 7 is determined. The determination is based on an
amount of variation in the g-axis current Iq. For this purpose, at step S3 which is executed repeatedly, the balanced
state determining circuit 80 reads and stores data of the value of g-axis current Ig. Simultaneously, the variation amount
of the g-axis current Iq after transition to the speed gradually reducing operation is calculated (step S4) and whether
laundry is balanced in the drum 7 is determined (step S5).

[0039] The following describes a ground for the determination as to the balance of laundry on the basis of the variation
amount of g-axis current Ig. FIG. 4 shows changes in the g-axis current after start of the speed gradually reducing
operation. The g-axis current is shown as a relative value on the axis of ordinates. FIG. 4 shows a waveform in the case
where laundry is not balanced at the time the angular velocity Na has been reached. The value of g-axis current varies
to a large extent. The reason for the aforesaid variation in the g-axis current will be described. The rotational shaft of
the drum 7 is substantially horizontal as described above. Accordingly, the rotational speed of the drum 7 varies depending
upon a rotational position thereof when the drum is rotated about the horizontal shaft with laundry not being balanced.
In the motor drive circuit 40 of the embodiment, the adder 71 compares the value of angular velocity estimated by the
rotational position estimating circuit 60 with the angular velocity command value wref, thereby calculating a deviation
Aw. Accordingly, the deviation Aw varies depending upon a rotational angle of the drum 7 when laundry is unbalanced
in the drum. The proportional integral circuit 72 executes a proportional integral operation for the value of deviation Aw,
thereby calculating a g-axis current command value Igr to be supplied to g-axis so that deviation Aw becomes zero.
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Since torque developed by the motor 14 depends upon only the g-axis current g, the value obtained by proportionally
integrating deviation Aw is a g-axis current command value Igr. More specifically, the proportional integral circuit 72
delivers a torque command value to be developed so that deviation Aw becomes zero, in the form of the g-axis current
command value Igr. The g-axis current Iq detected by the current detecting circuit 56 is supplied to the adder 51b, which
calculates deviation Alq between the g-axis current Iq and the g-axis current command value Igr. The deviation Alq is
supplied to the proportional integral circuit 52b, which then performs a proportional integral operation, thereby obtaining
a g-axis voltage command value Vq. The obtained g-axis voltage command value Vq is supplied to the coordinate
transformer 53. In other words, the proportional integral circuit 52b calculates the g-axis voltage command value Vq to
be applied to the g-axis so that the g-axis current deviation Alq becomes zero.

[0040] Thus, when an unbalanced condition of the laundry stuck to the inner periphery of the drum 7 results in the
deviation between the angular velocity w and the angular velocity command value wref, the g-axis current command
value Igr to render the angular velocity deviation Aw zero is instantaneously obtained and further, the g-axis voltage
command value Vq to equalize the g-axis current Iq to the g-axis current command value Igr is instantaneously obtained.
Consequently, the value of the g-axis current Iq is instantaneously adjusted so that the angular velocity deviation Aw
becomes zero. The instantaneous adjustment causes the g-axis current Ig to vary to a large extent as shown in FIG. 4.
The time period between adjacent peaks of the g-axis current Iq curve corresponds to the time of one turn of the drum 7.
[0041] As described above, when the laundry stuck to the inner periphery of the drum 7 is unbalanced, the g-axis
current Ig varies to a large extent during one turn. An amount of variation is reduced when an amount of unbalance is
small. Accordingly, a degree of unbalance can be grasped by measuring an amount of variation in the g-axis current Iq
during one turn. This is the reason for determining whether laundry is well balanced, on the basis of an extent of variation
in the g-axis current Iq.

[0042] The extent of variation in the g-axis current Iq is calculated in the following manner. Firstly, a dc component
contained in the g-axis current Iq in FIG. 4 is eliminated and only the ac component is extracted. A dc component changes
according to the variation in the angular velocity command value wref, whereas changes in an ac component results
from the angular velocity deviation Aw. FIG. 5A shows the extracted ac component. The variation in the angular velocity
command value wrefin one turn is large when the ac component is large. FIG. 5B shows the result obtained by squaring
the instantaneous value of ac component. In these operations, when a data amount of instantaneous values of g-axis
current Iq is excessively large, data may be thinned out. High-frequency components are eliminated from the result of
FIG. 5B, and the result as shown in FIG. 5C is obtained. A curve shown in FIG. 5C represents the magnitude of variation
in one turn of g-axis current Ig as shown in FIG. 4. Accordingly, when a height of the curve is compared with a prede-
termined reference value Hb, whether laundry stuck to the inner periphery of the drum is balanced can be determined.
[0043] At step S5, it is determined whether the variation in the g-axis current is at or below the reference value Hb or
whether laundry is balanced. When the variation is not at or below the reference value Hb, the control sequence advances
to step S6, where whether the angular velocity is at or below a predetermined value Ne. The value Ne is set so as to
be smaller than the angular velocity range from wl to w2 in which only the laundry causing unbalanced condition falls.
When the predetermined angular velocity is reached, almost all the laundry in the drum falls at the maximum point. When
the value of angular velocity wis larger than the predetermined value Ne, the control sequence returns to step S2 where
the angular velocity wis further reduced for continuation of rotational speed gradually reducing operation so that whether
laundry is balanced is re-determined. When it is determined at step S6 that the value of angular velocity wis at or below
the predetermined value Ne, rotation of the drum is interrupted (step S7) and thereafter, the control sequence returns
to step S1 so that the balancing operation is re-executed. The reason for this is that since the angular velocity wis lower
than the angular velocity range from wl to w2 in which the balancing action works, the balancing operation cannot be
expected even if it is continued.

[0044] FIG. 7 shows the curve of the angular velocity w in the case where the steps are re-executed from step S1.
FIG. 7 shows a case where it is determined that laundry is balanced, at the time the angular velocity w becomes Nb
during the second rotational speed gradually reducing operation.

[0045] The control sequence advances to step S8 when it is determined at step S5 that the variation in the g-axis
current Iq is at or below the reference value Hb. That the g-axis current variation is at or below the reference value
Hbmeans that laundry is balanced. Accordingly, the speed command value wref is increased to an angular velocity Nd
so that the centrifugally dehydrating operation is started.

[0046] In the first embodiment, the rotational speed gradually reducing operation is carried out at angular velocity Na
for the balancing operation. The control sequence proceeds to the centrifugally dehydrating operation immediately when
it is determined that laundry is balanced, in the course of the rotational speed gradually reducing operation.

[0047] Inthe embodiment, when the angular velocity deviation Aw occurs during one turn of the drum 7, the developed
torque is adjusted so that the deviation is instantaneously rendered zero. Accordingly, the angular velocity w changes
without meandering so as to depict a curve substantially corresponding to the straight line of angular velocity command
value wref as shown in FIG. 11. Consequently, a period of time in which the value of angular velocity w is within the
angular velocity range from wl to w2 at which only the laundry resulting in the unbalanced condition falls almost corre-



10

15

20

25

30

35

40

45

50

55

EP 1548 169 B1

sponds to the time period T2 in FIG. 11. Since time period T2 is longer than the time period T1 in the prior art, laundry
can be balanced in the drum more easily as compared with the prior art construction.

Second embodiment of the balancing operation

[0048] In the foregoing embodiment, the angular velocity w s firstly increased to Na and thereafter, the first rotational
speed gradually reducing operation is carried out for balancing the laundry. In a second embodiment, the balancing
operation is executed even in the middle of increasing angular velocity wto Na. A rotational speed gradually increasing
operation is carried out for this purpose. In this case, a speed increase rate at which the angular velocity wis increased
to Na is rendered smaller than one in the first embodiment as shown in FIG. 8. The angular velocity w passes through
the range from wl to w2 in which the balancing action works. In the case where itis determined that laundry is balanced,
when angular velocity w has reached a middle angular velocity Nb, the angular velocity w is immediately increased to
Nd so that the control sequence proceeds to the centrifugally dehydrating operation.

[0049] The rotational speed gradually reducing operation as performed in the first embodiment is carried out when it
is not determined that laundry is balanced, before angular velocity w reaches Na. When it is determined that laundry is
balanced, during the rotational speed gradually reducing operation, the angular velocity w is immediately increased to
Nd so that the control sequence proceeds to the centrifugally dehydrating operation, in the same manner as in the first
embodiment. When angular velocity is reduced to Ne but it is not determined that laundry is balanced, rotation of the
drum 7 is interrupted and the rotational speed gradually increasing operation is performed as shown in FIG. 9.

[0050] The foregoing rotational speed gradually increasing and reducing operations are repeated such that the laundry
is finally balanced in the drum 7. However, it is not preferable that the operations are repeated unlimitedly. Accordingly,
when the laundry is unbalanced even after repeat at a predetermined number of times, an alarming operation is carried
out and the washing machine is turned off.

Claims

1. A method of controlling a drum washing machine comprising a brushless DC motor (14) and a drum (7) rotated
about a substantially horizontal axis, said brushless DC motor (14) comprising a rotor provided with a permanent
magnet for driving said rotation of the drum (7), said method comprising:

controlling a rotational speed of said brushless DC motor in such a manner that a rotational speed of the drum
is first increased to a speed at which laundry sticks sufficiently to an inner periphery of the drum before start of
a centrifugally dehydrating operation;

thereafter controlling the rotational speed of said brushless DC motor in such a manner that said rotational
speed of the drum (7) is gradually reduced; and

if it is determined during the reduction of said rotational speed of the drum (7) that the laundry is balanced in
the drum (7), immediately increasing the rotational speed of the drum (7) to a centrifugal dehydration speed,
wherein control of the rotational speed of the brushless DC motor (14) is carried out by a vector control system
in which current flowing into the brushless DC motor (14) is divided into a magnetic flux axis current (Id) com-
ponent parallel to magnetic flux established by the permanent magnet and a torque axis current (Iq) component
intersecting the magnetic flux axis current (Id) component, and

wherein the magnetic flux axis current (Id) component and the torque axis current (Iq) component are individually
controlled so as to correspond to respective command values, so that a variation of rotational speed of the rotor
relative to each of the command values is reduced.

2. The control method according to claim 1, wherein the rotational speed of the drum (7) is gradually increased to the
speed at which the laundry sticks sufficiently to the inner periphery of the drum (7) before start of the centrifugally
dehydrating operation, further comprising:

if it is determined during the gradual rotational speed increase that the laundry is balanced in the drum (7),
immediately increasing the rotational speed of the drum (7) to the centrifugal dehydration speed.

3. The control method according to claim 2, further comprising:
if it is not determined that the laundry is balanced during the gradual reduction in the rotational speed of the

drum (7), stopping the rotation of the drum and thereafter gradually re-increasing the rotational speed of the
drum (7).
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The control method according to claim 1, wherein the vector control system is a sensorless vector control system.

The control method according to any one of claims 1 to 4, wherein whether or not the laundry is balanced in the
drum (7) is determined based on a degree of variation of the torque axis current (Iq) component.

A drum washing machine, comprising:

a drum (7) rotated about a substantially horizontal axis;

a brushless DC motor (14) comprising a rotor provided with a permanent magnet for driving said rotation of the
drum (7); and

a vector control system adapted to perform the method according to any one of claims 1 to 5.

Patentanspriiche

1.

Verfahren zum Steuern einer Trommel-Waschmaschine,

umfassend einen burstenlosen DC-Motor (14) und eine Trommel (7), wobei die um eine im Wesentlichen
horizontale Achse rotiert, der burstenlose DC-Motor (14) einen Rotor, der mit einem Permanentmagneten zum
Antreiben der Drehung der Trommel (7) ausgestattet ist, umfasst, wobei das Verfahren umfasst:

Steuern einer Drehzahl des birstenlosen DC-Motors in einer Weise, dass die Drehzahl der Trommel zuerst auf
eine Geschwindigkeit erhdht wird, bei der die Wasche ausreichend an dem Innenumfang der Trommel haftet,
bevor ein zentrifugal entwassernder Betrieb gestartet wird,;

danach, Steuern der Drehzahl des burstenlosen DC-Motors in einer Weise, dass die Drehzahl der Trommel (7)
allméhlich reduziert wird; und

wenn wahrend der Reduzierung der Drehzahl der Trommel (7) bestimmt wird, dass die Wasche in der Trommel
(7) ausgeglichen ist, sofortiges Erhdhen der Drehzahl der Trommel (7) auf eine zentrifugale Entwésserungs-
geschwindigkeit,

wobei die Steuerung der Drehzahl des burstenlosen DC-Motors (14) durch ein Vektorsteuersystem ausgefuhrt
wird, in welchem Strom, der in den burstenlosen DC-Motor (14) flie3t, aufgeteilt wird in einen Magnetflussach-
senstrom-(Id)-Anteil parallel zum Magnetfluss, der durch den Permanentmagneten eingefiihrt wird, und einen
Drehmomentachsenstrom-(Ig)-Anteil, der den Magnetflussachsenstrom-(ld)-Anteil schneidet, und wobei der
Magnetflussachsenstrom-(ld)-Anteil und der Drehmomentachsenstrom-(Ig)-Anteil einzeln gesteuert werden,
um mit den jeweiligen Befehlswerten (ibereinzustimmen, so dass eine Anderung der Drehzahl des Rotors relativ
zu jedem der Befehlswerte reduziert werden.

Steuerverfahren nach Anspruch 1, wobei die Drehzahl der Trommel (7) allmahlich auf eine Geschwindigkeit, bei
der die Wasche ausreichend am Innenumfang der Trommel (7) haftet, erhéht wird, bevor der zentrifugal entwas-
sernde Betrieb gestartet wird, ferner umfassend:
wenn wahrend der allméhlichen Drehzahlerh6hung ermittelt wird, dass die Wésche in der Trommel (7) ausge-
glichen ist, sofortiges Erhdhen der Drehzahl der Trommel (7) auf die zentrifugale Entwésserungsgeschwindig-
keit.
Steuerverfahren nach Anspruch 2, ferner umfassend:
wennwahrend der allmahlichen Reduzierung der Drehzahl der Trommel (7) nicht ermittelt wird, dass die Wéasche
ausgeglichen ist, Stoppen der Drehung der Trommel und danach allméhliches Wiedererhthen der Drehzahl
der Trommel (7).

Steuerverfahren nach Anspruch 1, wobei das Vektor-Steuersystem ein sensorloses Vektor-Steuersystem ist.

Steuerverfahren nach einem der Anspriiche 1 bis 4, wobei ob die Wéasche in der Trommel (7) ausgeglichen ist oder
nicht, auf Grundlage eines Grades der Variation des Drehmomentachsenstrom-(lg)-Anteils bestimmt wird.

Trommel-Waschmaschine, umfassend:

eine Trommel (7), die um eine im Wesentlichen horizontale Achse rotiert;
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ein birstenloser DC-Motor (14), umfassend einen Rotor, der mit einem Permanentmagneten zum Antreiben
der Drehung der Trommel (7) versehen ist; und
ein Vektor-Steuersystem, angepasst um das Verfahren nach einem der Anspriiche 1 bis 5 auszufiihren.

Revendications

Procédé de commande d’'une machine a laver & tambour comportant un moteur & courant continu sans balai (14)
et un tambour (7) entrainé en rotation autour d’un axe sensiblement horizontal, ledit moteur a courant continu sans
balai (14) comportant un rotor pourvu d’un aimant permanent afin d'entrainer ladite rotation du tambour (7), ledit
procédé comportant le fait de :

commander une vitesse de rotation dudit moteur a courant continu sans balai d’'une maniere telle qu’une vitesse
de rotation du tambour est tout d’abord augmentée jusqu’a une vitesse a laquelle du linge colle suffisamment
a une périphérie intérieure du tambour avant le démarrage d’'une opération d’essorage de maniére centrifuge ;
commander ensuite la vitesse de rotation dudit moteur a courant continu sans balai d'une maniére telle que
ladite vitesse de rotation du tambour (7) est progressivement réduite ; et

augmenter immédiatement la vitesse de rotation du tambour (7) jusqu’'a une vitesse d’essorage centrifuge si
I'on détermine pendant la réduction de ladite vitesse de rotation du tambour (7) que le linge est équilibré dans
le tambour (7),

la commande de la vitesse de rotation du moteur a courant continu, sans balai (14) étant réalisée par un systeme
de commande vectoriel dans lequel du courant circulant dans le moteur a courant continu sans balai (14) est
divisé en une composante de courant d’axe de flux magnétique (Id) parallele au flux magnétique établi par
'aimant permanent et une composante de courant d’axe de couple (Ig) coupant la composante de courant
d’axe de flux magnétique (Id), et

la composante de courant d’axe de flux magnétique (Id) et la composante de courant d’axe de couple (Iq) étant
commandeées individuellement de fagon a correspondre aux valeurs de commande respectives, de telle sorte
gu’une variation de vitesse de rotation du rotor par rapport a chacune des valeurs de commande est réduite.

Procédé de commande selon la revendication 1, selon lequel la vitesse de rotation du tambour (7) est progressi-
vement augmentée jusqu’a la vitesse a laquelle le linge colle suffisamment a la périphérie intérieure du tambour
(7) avant le démarrage de I'opération d’essorage centrifuge, comportant en outre le fait de :

augmenter immédiatement la vitesse de rotation du tambour (7) jusqu’a la vitesse d'essorage centrifuge si I'on
détermine pendant 'augmentation de vitesse de rotation progressive que le linge est équilibré dans le tambour

().
Procédé de commande selon la revendication 2, comportant en outre le fait de :

arréter la rotation du tambour et ensuite augmenter de nouveau progressivement la vitesse de rotation du
tambour (7) si I'on ne détermine pas que le linge est équilibré pendant la réduction progressive de la vitesse
de rotation du tambour (7).

Procédé de commande selon la revendication 1, selon lequel le systéme de commande vectoriel est un systeme
de commande vectoriel sans capteur.

Procédé de commande selon I'une quelconque des revendications 1 a 4, selon lequel le fait que le linge est équilibré
dans le tambour (7) ou non est déterminé sur la base d’'un degré de variation de la composante de courant d'axe
de couple (Iq).

Machine a laver a tambour, comportant :

un tambour (7) entrainé en rotation autour d'un axe sensiblement horizontal ;

un moteur a courant continu sans balai (14) comportant un rotor pourvu d’'un aimant permanent afin d’entrainer
ladite rotation du tambour (7) ; et

un systéme de commande vectoriel prévu pour mettre en oeuvre le procédé selon I'une quelconque des re-
vendications 1 & 5.

10
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