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A method and device for controlling the spin step of a washing or washing/drying appliance

and washing or washing/drying appliance implementing said method

(67) A method is described for controlling the spin
step of a washing or washing/drying appliance, said ap-
pliance comprising a motor that rotates a drum adapted
to contain a load, said spin step comprising one or more

drumrevolution speeds, said method comprising a check
of the unbalanced condition of said load, based on a com-
parison between the instantaneous phase angle value
and one or more threshold values, said unbalanced con-
dition being verified in under-threshold conditions.
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Description
[FIELD OF THE INVENTION]

[0001] The present invention relates to the field of
household appliances, particularly to a method and a de-
vice for controlling the spin step of a washing or wash-
ing/drying appliance.

[0002] In addition, the present invention relates to a
washing or washing/drying appliance implementing the
method of the present invention.

[PRIOR ART]

[0003] Itis known that, in a washing or washing/drying
appliance, the revolution speed of the drum containing
laundry to be washed is variable and depends on the
wash cycle selection options available in the appliance
itself.

[0004] Drum rotation is controlled by a motor, e.g. of
the commutator type, the speed of which is determined
by the quantity of alternating electric current supplied.
The latter is controlled by an electronic circuit which com-
prises devices such as TRIAC’s, which vary the param-
eter known as "phase angle" of the alternating current
supplied to the motor, i.e. they enable and interrupt the
half-waves of the alternating current at different points,
which depend on the instantaneous energy that must be
supplied to the motor. The instantaneous energy de-
pends on the speed at which the motor must run and on
drum load.

[0005] It can be said that the motor, the revolution
speed to be attained being equal, will require a quantity
of energy depending on drum load, which means not only
load weight, but also load type, i.e. the water retention
property of the laundry and the distribution thereof inside
the drum. The latter characteristic is particularly impor-
tant during the spin step, when the drum revolution speed
is much faster than during the previous wash cycle steps.
[0006] In fact, during the spin step any unbalance of
the load, i.e. an asymmetric positioning thereof in the
drum, will generate noise, higher consumption and wear
of components, which may even lead to failures of the
latter.

[0007] These effects become even more marked as
spin speed and/or load increase: washing appliances are
available which can accept loads of more than 5 Kg, or
which have a large-diameter drum, or which have a ca-
pacity up to 70 litres; in such appliances there is higher
probability that the load will take a critical arrangement.
[0008] There is therefore a need for trying to eliminate
any load unbalance condition during the spin step.
[0009] A method for controlling load unbalance is
known which comprises sub-steps of measuring load un-
balance at a relatively slow "satellization" speed, e.g. 88
rpm (compared to spin speed), but nevertheless suffi-
cient to keep the laundry items in a "satellization" condi-
tion, i.e. in adherence to the drum. This unbalance meas-
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uring sub-step is typically carried out prior to starting the
spin step; ifany unbalance is detected, load redistribution
procedures can be activated; the unbalance measuring
step is also carried out during the spin step, between
sub-steps at increasing speeds, in order to re-evaluate
the unbalance during the spin step, since the unbalanced
condition may arise dynamically, e.g. due to extraction
of water from the items. For example, for a spin step
including at least two sub-steps at different drum revolu-
tion speeds, i.e. a first one (e.g. at 600 rpm) and at least
another one at a faster speed (e.g. 800-1,000 rpm), at
the end of the slower first step the drum will be slowed
down to the above-mentioned satellization speed of 88
rpm, when a new unbalance check willbe made; depend-
ing on the result of this check, if any unbalance is detect-
ed, the spin step will be resumed by limiting the speed
at the previously reached value; otherwise, if no unbal-
ance is detected, the speed will be increased to a value
corresponding to that of the second sub-step.

[0010] However, this known process cannot ensure
the attainment of optimal unbalance reduction or elimi-
nation conditions, nor does it prove to be efficient when
no unbalance exists. In fact, the Applicant has found out
that measuring unbalance at a low speed such as a satel-
lization speed of 88 rpm may not be representative of
what will happen at spin speed; the known method also
has a further drawback in that, if no unbalance exists,
time and energy will be wasted to carry out an unneces-
sary measuring sub-step.

[0011] US-2,917,175-A describes a method for con-
trolling the spin step of a washing machine, which is
based on measuring the phase difference between volt-
age and current at the electric motor that drives the drum:
drum rotation will be reduced below the spin value, if said
difference exceeds a given threshold value.

[0012] Itis therefore necessary to solve the above-de-
scribed problems related to the efficiency of the proce-
dure for controlling load unbalance during the spin step
of a washing or washing/drying appliance.

[OBJECTS AND SUMMARY OF THE INVENTION]

[0013] Itis one object of the present invention to solve
the above-described problems.

[0014] Itisthe objectofthe presentinvention to provide
a method for controlling the spin step of a washing or
washing/drying appliance so as to ensure the utmost en-
ergy efficiency and minimize any load unbalance condi-
tions inside the drum, thereby optimizing the energy con-
sumption of the appliance while minimizing noise and
oscillations.

[0015] It is another object of the present invention to
provide a washing or washing/drying appliance which
comprises a device for implementing the method for con-
trolling the spin step in accordance with the present in-
vention.

[0016] In particular, it is one object of the present in-
vention, in accordance with claim 1, to provide a method
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for controlling the spin step of a washing or washing/dry-
ing appliance, said appliance comprising a motor that
rotates a drum adapted to contain a load, said spin step
comprising one or more drum revolution speeds, said
method comprising a check of the unbalanced condition
of said load, based on a comparison between the instan-
taneous phase angle value and one or more threshold
values, said unbalanced condition being verified in un-
der-threshold conditions, said phase angle being repre-
sentative of the interruption time of the half-waves of the
current supplied to the electric motor.

[0017] These andotherobjects of the presentinvention
are achieved through a method and a washing or wash-
ing/drying appliance incorporating the features set outin
the appended claims, which are intended to be an integral
part of the present description.

[BRIEF DESCRIPTION OF THE DRAWINGS]

[0018] A preferred and advantageous non-limiting ex-
ample of embodiment of the present invention will be
described below with reference to the annexed Figure 1,
which shows the trends over time of characteristic quan-
tities relating to the spin step, such as phase angle and
rpm, in two typical situations.

[DETAILED DESCRIPTION OF THE INVENTION]

[0019] In this context, the term "phase angle" refers to
the OFF time of the alternating power current flowing in
the TRIAC, which, as known, is an electronic component
used for interrupting or not the phases of the alternating
current supplied to the electric motor that drives the drum
of the washing or washing/drying machine. By controlling
this parameter, one can de facto control the quantity of
electric power supplied to the motor, and hence the rev-
olution speed thereof.

[0020] The phase angle is thus representative of the
interruption time of the half-waves of the current supplied
to the electric motor.

[0021] Figure 1 shows some trends of the phase-angle
and rpm of the drum in two typical known cases of spin
step actuation as a function of the arrangement of the
load inside the drum, the initial load balance being equal.
[0022] The spinstepis activated at successive angular
speeds of 600, 800, 1,000 and 1,200 rpm. In both cases,
between the 800 and 1,000rpm steps a known process
for load unbalance control is carried out as previously
described.

[0023] In the graphs, a high phase angle value corre-
sponds to a low energy request from the motor, and vice
versa. The phase angle datum corresponds to the OFF
time of the TRIAC, expressed in s, within the 10ms half-
period corresponding to one half-wave of the alternating
power current.

[0024] Atthe beginning of the spin step, angular speed
increases progressively from zero to the first stable
speed (600 rpm), with a very discontinuous phase angle
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showing large oscillations. At point A, it can be noticed
that the phase angle Ph angle1 of the first case corre-
sponding to the revolution speed rpm1 is significantly
greater (by approx. 2,500 points) than the phase angle
Ph angle2 (point B) corresponding to the curve rom2 of
the second case. This means that the situation of case
1 is better (as far as efficiency, noise, vibration and con-
sumption are concerned) than that of case 2.

[0025] Therefore, during the same spin step, machine
load being equal, there may be different behaviours, de-
pending on the degree of load unbalance, which de facto
is null in the first case described above and considerable
in the second case.

[0026] This negativetrend ofthe curve Ph angle2 goes
on throughout the whole spin step; it is noticeable that
also at points A1-B1 there is a difference in the phase
angle, which at 1,000 rpm "weighs" about 400 points (cor-
responding to approx. 400 ws) and at max. speed be-
comes approx. 2,600: in this case (point B2) the TRIAC
is fully closed, i.e. it is supplying the maximum energy
available, whereas in the other case (point A2) it is op-
erating at approx. 75%.

[0027] The result is that the spin step corresponding
to the second case (see curve rpm2) will not allow reach-
ing the maximum angular speed of the drum, with the
addition of an energy consumption that in these condi-
tions will correspond to a 250W increase in absorbed
power compared to the spin step of the first case, which
in the last sub-step will reach the target value of 1,200
rpm, as shown in the curve rpm1.

[0028] In the case 1 of almost null unbalance, the in-
termediate unbalance control step appears to be unnec-
essary, whereas in the case 2 such a control appears to
be ineffective, in that the phase angle takes low values
also in the subsequent steps, while energy consumption
is still high, indicating that unbalance persists.

[0029] It is therefore clear that an optimal control of
load balance conditions would ensure higher energetic
efficiency and lower noise, vibration and consumption.
[0030] The method for controlling the spin step of a
washing or washing/drying appliance according to the
invention is based on measuring and controlling the
phase angle during the entire spin step.

[0031] To keep the drum rotating at the desired speed,
the less homogeneous the load distribution (i.e. the more
the load is unbalanced or misaligned), the higher the
quantity of energy that will be needed; this can be con-
tinuously monitored throughout the various spin steps at
different speeds by monitoring the phase angle.

[0032] As in the known technique, before starting the
spin step a balance check is carried out at low speed
(e.g. 88 rpm) (which step therefore precedes in time what
is shown in Fig. 1).

[0033] As can also be seen in Fig. 1, at the beginning
of a spin-speed sub-step, the curve indicating the phase
angle and the corresponding electric power supplied
shows large oscillations which tend to decrease and set-
tle after the drum has been rotating at that given speed
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for a while. The initial phase angle values are not taken
into account, since they are subject to large oscillations.
After a certain tolerated initial transient time has elapsed
(e.g. 30 s), when the phase angle value has become
stable, said value can be measured and compared with
a threshold value.

[0034] Said threshold value is a function of the speed
at which the check is carried out, of the machine structure
(drum volume, diameter and depth), and of the type of
motor in use.

[0035] If the value is above threshold, the load will be
considered to be balanced at that speed: for example, a
first speed may be approx. 500-600 rpm. In such a case,
the balance check step at satellization speed may be
avoided. The spin cycle can then go on by switching to
the next higher-speed step (e.g. 800 rpm), if there are
multiple speeds, or proceed until the end, if there is only
one speed.

[0036] If, on the contrary, the value is below threshold,
it will be considered that the load is in an unbalanced
condition, and therefore rotation at that speed will be
stopped and a redistribution operation will be carried out,
e.g. a known one consisting of alternately rotating the
drum forwards and backwards at low speed (e.g. 45 rpm)
a few times, e.g. three times. The spin step will then be
repeated while checking the phase angle as described
above. If the value is above threshold, it will be consid-
ered that the load is now balanced at that speed, and the
spin cycle can go on by switching to the next high-
er-speed step (e.g. 1,000 rpm), if another higher speed
was set, or proceed until the end, if the achieved speed
was the maximum one. This succession of check and
redistribution operations may be repeated for a maximum
number of times, e.g. three. If after such operations the
load is still unbalanced, the spin cycle will be completed
at the current speed without any further acceleration, in
that this will be considered to be an irrecoverable unbal-
anced condition.

[0037] If a next higher-speed step is carried out, the
checks described for the previous step may be repeated
again. If the spin program only includes two speeds, the
second speed may be selected and held until the end of
the cycle without any additional stops.

[0038] If the spin program includes more than two
speeds, the highest speed used in the last step is usually
a high value (e.g. 1,600 rpm): in this case, if the check
gave a positive result in the previous steps, in this last
step it will be possible to avoid executing the unbalance
check. The phase angle check and the comparison there-
of with a related threshold value will however still be kept
active, so that the spin cycle can be stopped in the event
that limit conditions which might be dangerous for the
structure should be detected.

[0039] Compared to the known load balance check
procedure, wherein the check is carried out systemati-
cally at a fixed speed at the end of predetermined
sub-steps, the procedure of the present invention en-
sures optimization of times and consumptions. In fact, if
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the load balance verifications give positive results, the
entire spin cycle will be faster because the machine will
not have to be slowed down to satellization speed; this
will also ensure significant energy savings. If, on the con-
trary, the load balance verification carried out at spin
speed gives a persisting negative result, the spin cycle
will be either stopped or limited to that speed for which
the check gave a positive result, thus reducing noise and
oscillations (which are proportional to angular speed),
and also reducing the probability of failures of compo-
nents due to wear.

[0040] Making a control device for implementing the
above-described method is not a problem for the man
skilled in the art, who will have several hardware and
software alternatives available. Phase angle detectors
and motor/drum speed detectors are of known types and
are normally already included in the appliance.

[0041] The steps of the method may be carried out
through a controller using known hardware. From a soft-
ware viewpoint, the control method of the present inven-
tion can advantageously be carried out through a com-
puter program, which comprises coding means for im-
plementing one or more steps of the method when said
program is executed by a computer. It is therefore un-
derstood that the protection scope extends to said com-
puter program as well as to computer-readable means
that comprise a recorded message, said computer-read-
able means comprising program coding means for im-
plementing one or more steps of the method when said
program is executed by a computer.

[0042] Itis apparent that many changes may be made
to the present invention by those skilled in the art without
departing from the protection scope thereof as stated in
the appended claims.

[0043] The TRIAC may be replaced by any other elec-
tronic component or system adapted to interrupt or not,
in a controlled manner, the half-waves of the power cur-
rent supplied to the electric motor, so as to determine the
revolution speed of the drum.

[0044] The check of the phase angle, meaning by that
the OFF time of current flowing in the TRIAC, should be
considered to be equivalent to a complementary check
of the ON time, i.e. the time during which current is not
interrupted.

[0045] These embodiments will nonetheless still fall
within the protection scope of the present invention.

Claims

1. A method for controlling the spin step of a washing
or washing/drying appliance, said appliance com-
prising an electric motor that rotates a drum adapted
to contain a load, said spin step comprising one or
more drum revolution speeds, said method compris-
ing a check of an unbalanced condition of said load,
based on a comparison between the instantaneous
phase angle value and one or more threshold values,
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said unbalanced condition being verified in under-
threshold conditions, said phase angle being repre-
sentative of the interruption time of the half-waves
of the current supplied to the electric motor.

5
A method according to claim 1, wherein said spin
step comprises one or more drum revolution speeds,
the method comprising, at a first one of said one or
more revolution speeds, a succession of steps of:

10

- evaluating said instantaneous phase angle val-

ue, and comparing it with a first one of said
threshold values;

- if said instantaneous value is above threshold,
continuing until the end of the spin step if there 15
is only one speed, or switching to the next speed
value if there are more than one speeds;

- if said instantaneous value is under threshold,
performing a load redistribution operation and
then repeating said succession of steps at least 20
once.

A method according to claim 2, wherein said spin
step is ended if said repetition of said succession of
steps for a number of times equal to three gives said 25
instantaneous value under said first threshold.

A method according to claim 2, wherein, when
switching to said next speed value, said succession

of steps is repeated at said next speed value through 30
a comparison with a second threshold value.

A method according to claim 1 or 2 or 3, wherein
said evaluation of the instantaneous phase angle
value starts after a certain transienttime has elapsed 35
from the start of the rotation of the drum at a corre-
sponding speed, when the oscillations of said instan-
taneous value have decreased and become stable.

A device for controlling the spin step of a washingor 40
washing/drying appliance, comprising means forim-
plementing each one of said steps of the method
according to any one of claims 1 to 5.

A washing or washing/drying appliance comprising 45
a device for controlling the spin step as claimed in
claim 6.

50

55
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