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(54) Method for controlling the discharge pump of a household appliance and processing unit for 
implementing said method

(57) Method, that is efficient and cost-effective to
implement, for controlling a discharge pump (50) of a
household appliance, comprising the following steps:
starting a synchronous electric motor (1) that actuates
said discharge pump (50) until the synchronism condition
is reached;
driving said synchronous electric motor (1) at steady
state through phase control by varying the firing angle (α);
wherein, in driving said synchronous motor (1) at steady
state through phase control, said firing angle (α) is
feedback controlled to cancel the phase difference
between the mid-point (80a) of a zero current plateau
(80) of a function of the phase current fed to the electric
motor (1) and the zero-crossing point of a counter
electromotive force signal (fcem) relative to the same
phase;
wherein, in feedback controlling the firing angle (α), the
synchronous electric motor (1) is switched off if the
required firing angle (α) exceeds a maximum threshold
(αlim), where exceeding said maximum threshold (αlim)
may result from the operation of the discharge pump (50)

in air-water conditions.
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Description

Field of application

[0001] The present invention, in its most general as-
pect, refers to a method for controlling a discharge pump
of a household appliance, as well as to a processing unit
specifically provided for implementing said method.
[0002] In particular, the method aims to control a dis-
charge pump actuated by a synchronous electric motor
used in a washing machine.

Prior art

[0003] Various household appliances, such as wash-
ing machines and dishwashers, comprise a discharge
pump inside them in order to expel the water used in
washing towards the waste water network.
[0004] Such a discharge pump must have low produc-
tion and assembly costs and low bulk, whilst still respect-
ing given requirements of reliability and durability,
[0005] In particular, discharge pumps actuated by per-
manent magnet synchronous electric motors meet the
aforementioned requirements and are currently widely
used. These motors are generally small in size, of the
single-phase or two-phase type, managed by low cost
control electronics that is limited to managing the starting
and stopping of the motor, also detecting possible block-
ing or overheating conditions.
[0006] Although cost-effective, such a solution does,
however, have the drawback of not allowing the air-water
condition operating states of the discharge pump to be
immediately identified, In such operating states the elec-
tric motor does not have optimal energy efficiency; more-
over, they are very noisy.
[0007] Other problems can derive from the limited sta-
bility of the motor, unsuitable for responding to sudden
variations in load and above all from the need to ensure
the mechanical starting of the motor itself.
[0008] The technical problem forming the basis of the
present invention is, therefore, to devise a method for
controlling a discharge pump of the aforementioned type
and a respective processing unit provided for implement-
ing it that allow energy optimisation of the motor and the
management of the air-water condition operating states
of the discharge pump, without having an excessive im-
pact upon the production and installation costs, and de-
finitively eliminating the functional limitations of the me-
chanical starting pumps.

Summary of the invention

[0009] The aforementioned technical problem is
solved by a method for controlling a discharge pump of
a household appliance, comprising the following steps:

starting a synchronous electric motor that actuates
said discharge pump until the synchronism condition

is reached;

driving said synchronous electric motor at steady
state through phase control by varying the firing an-
gle;

wherein, in driving said synchronous motor at steady
state through phase control, said firing angle is feedback
controlled to cancel the phase shift between the mid-point
of a zero current plateau of a function of the phase current
fed to the electric motor and the zero-crossing point of a
counter electromotive force signal relative to the same
step;
wherein, in feedback controlling the firing angle, the syn-
chronous electric motor can be switched off if the required
firing angle exceeds a maximum threshold, where ex-
ceeding said maximum threshold may result from the op-
eration of the discharge pump in air-water conditions.
Said maximum threshold can be calculated as a function
of the voltage of an electrical grid that feeds said electric
motor, in particular it can be calculated as a linear function
of the voltage of said electrical grid.
[0010] After the electric motor has been switched off
by the maximum threshold being exceeded by the re-
quired firing angle, the electric motor can advantageously
be started up again after a given temporary switched off
time.
[0011] Said temporary switched off time can be calcu-
lated according to a decreasing function (for example an
inverse proportionality function) of the full flow operating
time prior to switching off.
[0012] Preferably, said temporary switched off time is
calculated so as not to exceed a predefined maximum
limit.
[0013] During the course of the same discharge oper-
ation of the discharge pump, for example relative to a
spinning step of a washing machine served by the pump
itself, the subsequent temporary switched off times can
be set according to a predefined progression. Said pro-
gression will preferably be an increasing one until it sta-
bilises on a maximum limit value.
[0014] The method can comprise a resetting step of
the pump that provides an interruption of the power sup-
ply of a processing unit intended to calculate the tempo-
rary switched off times to restore all of the variables that
influence said calculation to an initial value.
[0015] During the step of driving said electric motor at
steady state, it can be fed with power only when both of
the following conditions are met: the counter electromo-
tive force signal must have the same sign as the grid
voltage and the counter electromotive force signal must
be going away from zero.
[0016] Whether the synchronism condition has been
reached can be evaluated through measurement of the
phase shift between phase current and voltage, said con-
dition being reached when such a phase shift stays con-
stant for a given number of consecutive periods. If the
synchronism condition is not reached within a predeter-
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mined time period, the method can restart the electric
motor. Moreover, if the synchronism condition is not
reached after a predefined number of starting attempts,
the method can stop the electric motor definitively.
[0017] The aforementioned technical problem is also
solved by a processing unit for controlling a discharge
pump, intended to control a power supply switch for a
synchronous electric motor that actuates said discharge
pump implementing the control method according to the
ways described above.
[0018] Further characteristics and advantages of the
present invention will become clear from the following
description of a preferred embodiment given for indicat-
ing and not limiting purposes with reference to the at-
tached drawings.

Brief description of the drawings

[0019]

Figure 1 schematically represents an electronic de-
vice associated with a motor-discharge pump group,
said electronic device comprising a processing unit
according to the present invention;

Figure 2 represents a block diagram that summarily
illustrates the various steps of the method according
to the present invention;

Figure 3 shows the temporal progression of some
parameters relative to the motor-pump group of fig.
1 during the control carried out with the method ac-
cording to the present invention;

Figure 4 shows the temporal progression of the
amount of water discharged by a washing machine
during a spinning step.

Detailed description

[0020] With reference to the attached figure 1 a dis-
charge pump of a household appliance, in particular of
a washing machine (not represented in the attached fig-
ures), is identified with 50. The discharge pump 50 is
associated with a sump for collecting the washing ma-
chine water, and it is intended to empty it at given washing
steps carried out by the household appliance.
[0021] The discharge pump 50, of the known type, is
actuated by means of an electric motor 1, which in this
case is in the form of a single-phase permanent magnet
synchronous motor.
[0022] An electronic device 20, which preferably takes
the form of a control card, is associated with the electric
motor 1 and is intended to drive it through phase control.
[0023] Said electronic device 20 comprises a static
switch 21, in this specific case a TRIAC switch, intended
to cut the current supplied by an A.C. electrical grid 22
and directed to the windings for supplying power to the

electric motor 1.
[0024] The TRIAC switch 21 is connected to a PWM
output 33 of a processing unit 30, which preferably takes
the form of a microprocessor.
[0025] The electronic device 20 has a portion for syn-
chronisation with the grid 35 that sends the processing
unit 30 a grid synchronising signal 25, i.e. a signal having
a unitary value when the voltage of the electrical grid has
positive values, a zero value when the latter takes neg-
ative values; the timer for controlling the PWM output 33
is advantageously synchronised with the grid synchro-
nising signal.
[0026] Moreover, the electronic device 20 has a power
supply portion 36 of the processing unit 30, also intended
to supply said unit with a voltage reference signal.
[0027] The processing unit 30 has a first input 31,
which receives a grid voltage signal 23, and a second
input 32, which on the other hand receives a voltage sig-
nal across the switch 24.
[0028] By processing such signals, the processing unit
30 is able to carry out an indirect measurement of the
counter electromotive force generated by the synchro-
nous motor 1, obtained as the difference between the
grid voltage signal 23 and the voltage signal across the
switch 24, at the moments in which the current is zero.
The processing unit 30 detects said zero current condi-
tion by always evaluating the voltage signal across the
switch 24, and in particular ensuring that such a signal
differs sufficiently from the zero value.
[0029] The method for controlling a discharge pump
50 according to the present invention has an initial step
of starting the electric motor 1 that actuates the discharge
pump 50 itself.
[0030] Such an initial starting step, identified with 100
in the block diagram of figure 2, comprises four succes-
sive sub-steps: alignment, waiting, starting, transition to-
wards steady state.
[0031] The alignment sub-step (block 100a in figure 2)
is aimed at taking the rotor of the electric motor 1 into a
predefined starting position.
[0032] In order to obtain this result, the processing unit
30 controls the TRIAC switch 21 so as to supply the wind-
ings of the motor with a series of pulses of current gen-
erated only during a given half-period, positive or nega-
tive according to the selected starting position, of the volt-
age signal of the electrical grid 22. In terms of application,
the TRIAC switch must thus be switched on only when
the grid synchronising signal 23 takes positive values (or
negative ones according to the selected half-period). The
subsequent waiting sub-step (block 100b in figure 2) is
aimed at allowing possible oscillations of the rotor of the
electric motor 1 to damp out. At the end of the waiting
step, it is thus certain that the rotor is stopped in the pre-
defined starting position.
[0033] The subsequent starting sub-step (block 100c
in figure 2) is aimed at ensuring that the electric motor 1
actually starts.
[0034] For this purpose the processing unit 30 gener-
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ates a series of pulses of current of increasing intensity
(adjusted by varying the firing angle α in the phase con-
trol) generated this time in the half-period of the voltage
signal of the electrical grid 22 opposite to that of the puls-
es of the alignment step.
[0035] When the counter electromotive force signal ex-
ceeds a predetermined control threshold (verification
block 100e), the last sub-step of transition towards steady
state begins (block 100d in figure 2).
[0036] If, on the other hand, the control threshold for
the counter electromotive force is not reached by the end
of the series of pulses (verification block 100f), the control
method implemented carries out the first starting sub-
steps once again. If the control threshold continues to
not be reached for a given number of consecutive at-
tempts to start (verification block 100g), the electric motor
1 can be stopped definitively.
[0037] The last sub-step is aimed at driving the motor
until the synchronism speed is reached.
[0038] In this last sub-step, the processing unit 30 con-
trols the motor according to a specific firing logic that
tends to keep the TRIAC switch 21 conducting only when
the transit of current in the power supply windings of the
electric motor 1 determines a drive torque in the direction
of rotation of the rotor.
[0039] In particular, the TRIAC switch 21 is switched
on when both of the following conditions occur:

a) the estimated counter electromotive force signal
must have the same sign as the grid voltage;

b) the estimated counter electromotive force signal
must be going away from zero.

[0040] Once the synchronism condition of the synchro-
nous electric motor 1 has been reached, starting is com-
plete.
[0041] Such a condition is evaluated (verification block
100h) through the measurement of the phase shift be-
tween phase current and voltage. If such a phase shift
stays practically constant for a given number of consec-
utive periods, the synchronism condition is considered
to have been reached. If the synchronism condition is
not reached within a predefined time period (verification
block 100i), the method carries out the starting step once
again from the beginning. After a given number of con-
secutive failed starting attempts (verification block 100j),
the electric motor 1 can be stopped definitively.
[0042] This is followed in the method according to the
present invention by a step of driving said synchronous
electric motor 1 at steady state through phase control,
i.e. by varying the firing angle α that determines the delay
in switching on the TRIAC switch with respect to the
change of sign of the grid voltage.
[0043] The phase control is progressively introduced,
keeping the conditions a) and b) on the switching on of
the switch 21 applied in the aforementioned transition
sub-step.

[0044] In this driving step, identified with 200 in figure
2, the firing angle α is feedback controlled , in order to
optimise the energy performance of the electric motor 1.
[0045] To be specific the feedback control takes place
by identifying the ideal operating condition of the motor
as where the counter electromotive force function passes
through zero at a mid-point 80a of the zero current pla-
teau 80 set by the closing of the TRIAC switch 21. Of
course, the extension of the zero current plateau 80 and
the relative position of its mid-point 80a depend on the
value of the firing angle α used for each current half-
period.
[0046] The condition sought corresponds to zeroing
the phase shift between the power supply current of the
windings and the counter electromotive force generated
of the synchronous motor 1, a condition that as known
ensures that the energy efficiency of the synchronous
motor itself is optimised (disregarding core).
[0047] Thanks to the counter electromotive force sig-
nal processed inside it according to the ways described
earlier, the processing unit 30 is able to evaluate how the
behaviour of the motor differs from the ideal operating
condition, consequently correcting the firing angle α of
the TRIAC switch 21 in feedback.
[0048] Figure 3 illustrates the temporal progression of
the counter electromotive force e, of the grid voltage T
and of the stator current during the normal operation of
the synchronous motor 1; the firing angles used in the
first half-periods are indicated with the Greek letter α fol-
lowed by progressively increasing subscripts.
[0049] During driving at steady state, the method ac-
cording to the present invention continuously checks that
the discharge pump 1 is not working in air-water condi-
tions (verification block 300). In such conditions the de-
crease in load causes a great increase in the need to cut
the current in the feedback control algorithm. Thus the
method in every half-period verifies that the firing angle
α required by the feedback control does not exceed a
maximum threshold αlim, indeed indicative of operation
in air-water conditions of the pump.
[0050] Advantageously, given that the required cutting
also depends on the grid voltage, said maximum thresh-
old αlim is obtained as a linear function of the grid voltage
itself, according to a formula 

with k and V preset parameters.
[0051] It should be noted that such a limit value must
be set so as to exceed the maximum firing angle α, ex-
perimentally obtained, that the motor-pump group can
require in full flow operation for every load condition re-
quired by the installation of the washing machine on
which the pump is installed, where full flow operation is
meant to be the opposite of the operation in air-water
conditions.
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[0052] When the aforementioned verification detects
operation in air-water conditions, the method can provide
entry into a temporary switched off step of the electric
motor 1 (block 400 in figure 2), i.e. the electronic device
20 interrupts the power supply to the windings of the syn-
chronous motor for a temporary switched off time.
[0053] Once the temporary switched off time has run
out, the motor is restarted by repeating the starting step
100 described above.
[0054] The method according to the present invention
can determine the temporary switched off time of the
electric motor 1 according to different alternative ways.
In particular, hereafter two ways are described that are
particularly suitable for the management of the discharge
pump 50 during a spinning step of the washing machine
with which the pump is associated.
[0055] A first way uses a calculation algorithm calibrat-
ed on the previous full flow operating time of the motor-
pump group, i.e. the time between the start of the last
starting step 100 and the moment of detection of the air-
water conditions. Of course, in order to allow the tempo-
rary switched off time to be determined according to said
way requires that said full flow operating time be adjusted
by the processing unit 30. From such data, the switched
off time is calculated according to a decreasing function
of the previous full flow operating time. In other words,
the longer the full flow operating period of the motor-pump
group, the shorter the switched off period that follows it.
[0056] Such a relationship is justified by the fact that
the full flow operating time is indicative of the amount of
water present in the sump of the washing machine. When
there is still a lot of water, a short wait is sufficient to
ensure that full flow operating conditions are restored;
when there is little water, on the other hand, it is neces-
sary to wait longer to allow the load of laundry to release
part of the water held raising the level in the sump.
[0057] It should be noted that it is nevertheless suitable
for the temporary switched off time to not exceed the
maximum limit, beyond which would risk an accumulation
of water that is greater than the capacity of the sump.
[0058] The switched off time can be calculated from
the full flow operating time using an inverse proportion-
ality formula suitably modified to prevent the switched off
time from exceeding the aforementioned maximum limit.
[0059] The method can comprise a resetting step of
the pump that foresees interrupting the power supply to
the processing unit 30 if it is necessary to reset the value
of the full flow operating time adjusted there, for example
at the end of an unsuccessful spinning attempt.
[0060] The second way that can be adopted by the
method according to the present invention uses progres-
sively increasing temporary switched off times. The first
time an air-water condition is detected, the method
switches off the electric motor for a first predefined time,
for example 2 s; upon the next detection a second pre-
defined time longer than the first, for example 4 s, will be
applied; and so on following a progression of increasing
times up to a maximum limit, for example 20 s. Once the

maximum limit is reached, the progression stops and the
switched off time is stabilised on such a value.
[0061] In fact, experimental results demonstrate that
during the spinning step the water discharged by a wash-
ing machine decreases over time. Figure 4 for example
illustrates the temporal progression of the water dis-
charged by a discharge pump of a washing machine,
loaded with 8 kg of sponge, during a spinning step. The
different curves refer to different spinning speeds. As can
be seen, at all speeds most of the water is discharged in
the first steps of the operation.
[0062] Also in this second way, the method provides
a resetting step of the pump in which the power supply
of the processing unit 30 is interrupted as needed in order
to restore the progression of the temporary switched off
times to the initial value.
[0063] The method and the processing unit described
above have a series of advantages listed below.
[0064] A first advantage derives from the fact that the
method and processing unit allow energy-efficient and
relatively quiet operation, in particular preventing steps
of operation in air-water condition of the discharge pump.
[0065] A second advantage is represented by the fact
that the system is self-adapting, given that the imple-
mented control seeks to cancel the phase shift between
current and counter electromotive force irrespective of
the work point in which the discharge pump is working.
[0066] In particular, the system seeks energy optimi-
sation irrespective of the height of installation of the dis-
charge pipe, within the limits set by the manufacturer of
the machine.
[0067] Another advantage, due to the fact that there is
a control that automatically makes the motor work in the
most energy-efficient condition, concerns the safety of
the application.
[0068] Let us take the example of the case of failure
by blocking of the electrovalve, in which the washing ma-
chine continually loads water from the water mains, mak-
ing the discharge pump work continuously and for most
of the time in air-water conditions. Since in this case the
power absorbed is continually kept at the minimum nec-
essary, the pump is prevented from overheating, and it
is thus able to work without interruptions.
[0069] A further advantage derives from the automatic
detection of loss of synchronism or of blocking of the rotor
of the electric motor that actuates the discharge pump.
Indeed, the conditions to allow the windings of the ma-
chine to be supplied with power require the measurement
of a non-zero counter electromotive force value.
[0070] Yet another advantage concerns the use of the
PWM output that allows fine adjustment of the delay in
switching on the TRIAC switch (with resolution of a few
Ps), the methods and the devices described allow a sub-
stantial stability of the control and therefore of the motor.
[0071] In particular, such an aspect ensures good re-
activity and precision in response to variation of voltage
and load, which in the example of application of an elec-
tropump can be due to air bubbles or the presence of
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foreign objects in the rotation chamber.
[0072] It is also possible to work close to the limit angle
beyond which the motor would lose its step, given the
reactivity with which it is possible to correct the control.
[0073] This gives a further advantage given that, being
able to work in optimal conditions over the entire operat-
ing voltage range, there is increased efficiency of the
device.
[0074] Of course, a man skilled in the art can bring
numerous modifications and variants to the method and
to the device described above, in order to satisfy contin-
gent and specific requirements, all of which are in any
case covered by the scope of protection of the invention
as defined by the following claims.

Claims

1. Method for controlling a discharge pump (50) of a
household appliance, comprising the following
steps:

starting a synchronous electric motor (1) that ac-
tuates said discharge pump (50) until the syn-
chronism condition is reached;
driving said synchronous electric motor (1) at
normal operating speed through phase control
by varying the firing angle (α);
wherein, in driving said synchronous motor (1)
at steady state through phase control, said firing
angle (α) is feedback controlled to cancel the
phase difference between the mid-point (80a)
of a zero current plateau (80) of a function of the
phase current fed to the electric motor (1) and
the zero-crossing point of a counter electromo-
tive force signal (fcem) relative to the same
phase;
wherein, in feedback controlling the firing angle
(α) the synchronous electric motor (1) is
switched off if the required firing angle (α) ex-
ceeds a maximum threshold (αlim), where ex-
ceeding said maximum threshold (αlim) may re-
sult from the operation of the discharge pump
(50) in air-water conditions.

2. Method according to claim 1 wherein said maximum
threshold (αlim) is calculated as a function of the volt-
age of an electrical grid (22) that feeds said electric
motor (1),

3. Method according to claim 2 wherein said maximum
threshold (αlim) is calculated as a linear function of
the voltage of said electrical grid (22).

4. Method according to one of the previous claims,
wherein, after switching off the electric motor (1) due
to the maximum threshold (αlim) being exceeded by
the required firing angle (α), the electric motor (1) is

started up again after a given temporary switched
off time.

5. Method according to claim 4, wherein said temporary
switched off time is calculated according to a de-
creasing function of the full flow operating time prior
to switching off.

6. Method according to claim 5, wherein said temporary
switched off time is calculated according to a inverse
proportionality function of the full flow operating time
prior to switching off.

7. Method according to one of claims 5 or 6, wherein
said temporary switched off time is calculated so as
not to exceed a predefined maximum limit.

8. Method according to claim 5, wherein, during a single
discharge operation of the discharge pump (50), the
subsequent temporary switched off times are set ac-
cording to a predefined progression.

9. Method according to claim 8, wherein said prede-
fined progression is an increasing progression that
stabilises on a maximum limit value.

10. Method according to one of claims 5 to 9, also com-
prising a reset step of the pump in which the power
supply of a processing unit (30) intended to calculate
the temporary switched off times is interrupted to re-
store all of the variables that influence said calcula-
tion to an initial value.

11. Method according to one of the previous claims,
wherein during the step of driving said electric motor
(1) at steady state, it can only be supplied with power
when both of the following conditions are met: the
counter electromotive force signal must have the
same sign as the grid voltage and the counter elec-
tromotive force signal must be going away from zero.

12. Method according to one of the previous claims,
wherein the reaching of the synchronism condition
is evaluated through measurement of the phase shift
between phase current and voltage, said condition
being reached when such a phase shift is kept con-
stant for a given number of consecutive periods.

13. Method according to claim 12, wherein if the syn-
chronism condition is not reached within a prede-
fined time period the electric motor (1) is restarted.

14. Method according to claim 13, wherein if the syn-
chronism condition is not reached after a predefined
number of starting attempts, the electric motor (1) is
stopped definitively.

15. Processing unit (30) for controlling a discharge pump
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(50), said processing unit (30) being arranged to con-
trol a switch (21) for supplying power to a synchro-
nous electric motor (1) that actuates said discharge
pump (50) implementing the control method accord-
ing to one of claims 1 to 14.
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