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(57)  An electric household appliance (20) having a
universal electric motor (25); and an electronic control
device (15) for regulating the rotor current (Igp7) and sta-
tor current (lgyat2) to be supplied to the rotor winding
and stator winding. The electronic control device (15) has
a filtering stage (18) having an inductor (35) and a ca-

Electric household appliance with an electronic device for controlling a universal electric

pacitor (36); and a chopper regulating stage (17) which
is connectable by the filtering stage (18) to a supply
source, and is designed to chopper-regulate the rotor
current (Irg) and stator current (Igra12) as a function of
the required rotor rotation speed (wrgt). The inductor
(35) of the filtering stage (18) including a first stator wind-
ing portion (26a).
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Description

[0001] The present invention relates to an electric
household appliance, such as a washing-machine, dish-
washer or drier, featuring a universal electric motor, and
an electronic motor control device of chopper control cir-
cuit architecture.

[0002] It should be pointed out that, herein, the term
"universal electric motor" is intended to mean a single-
phase electric commutator motor having a rotor, and a
wound-wire stator that can be supplied with both direct
and alternating current.

[0003] More specifically, the "universal electric motor"
comprises a stator fitted with a field winding hereinafter
referred to as the "stator winding"; a rotor comprising a
drum mounted to rotate inside the stator and supporting
an armature winding hereinafter referred to as the "rotor
winding"; a commutator of conducting material fitted to
the drum and connected electrically to the rotor winding;
and at least two brushes that slide on the commutator to
supply current to the rotor winding.

[0004] Asisknown,overthe pastfewyears,the electric
household appliance industry, and particularly the wash-
ing-machine industry, has successfully made increasing
use of so-called "universal electric motors", which are
typically mounted in the laundry drum drive of the ma-
chine.

[0005] Universal electric motors are typically control-
led by an electronic control device designed to regulate
current supply to the rotor/stator as a function of the re-
quired rotation speed and the torque requested by the
laundry drum.

[0006] Some electronic control devices are chopper-
circuit-architectured.

[0007] Figure 1 shows a schematic example of a uni-
versal electric motor 1 powered with direct current by an
electronic control device 2 comprising a rectifying stage
3, and a chopper control stage 4 designed to chopper-
regulate current supply to the stator and rotor windings
of the motor.

[0008] More specifically, rectifying stage 3 comprises
arectifying bridge 5 having two inputs connected respec-
tively over a first and second line to a power source to
receive an alternating input supply voltage, and two out-
puts supplying a partly rectified output voltage.

[0009] Electronic control device 2 also comprises an
electrolytic capacitor 6 connected between the outputs
of rectifying bridge 5 tofilter the output voltage. And chop-
per control stage 4 comprises two supply lines connected
to the two outputs of rectifying bridge 5 and to capacitor
6; two electronic switches 7, 8 opened/closed by a control
signal and connected in series with stator and rotor wind-
ings 9, 10 respectively; two diodes 11 connected parallel
with stator and rotor windings 9, 10 respectively; and a
chopper controller 12 designed to regulate the duty cycle
of the PWM control signal as a function of required rota-
tion speed.

[0010] Asis known, electrolytic capacitor 6 is normally
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designed to conveniently improve the performance of
universal electric motor 1. That is, electrolytic capacitor
6 of electronic control device 2 provides for increasing
the effective supply voltage to the universal electric motor
stator and so producing greater mechanical torque than
would be achieved without the capacitor for the same
supply voltage and at the same rotation speed.

[0011] Thoughadvantageous interms of performance,
electrolytic capacitor 6 produces current distortion, i.e.
introduces harmonics into the input line, thus resulting in
undesired electromagnetic noise, the electric character-
istics of which may not always conform fully with electro-
magnetic compatibility standards.

[0012] To eliminate this drawback, it has been pro-
posed to employ an inductor 13 along the first or second
line, upstream from rectifying stage 3, to filter the har-
monics introduced by capacitor 6.

[0013] Usinginductor 13, however, increases both the
size and manufacturing cost of control device 2.

[0014] Itis an object of the present invention to provide
an electric household appliance featuring a chopper-ar-
chitectured electronic device designed to eliminate the
above drawbacks.

[0015] According to the presentinvention, there is pro-
vided an electric household appliance as claimed in
Claim 1 and preferably, though not necessarily, in any
one of the Claims depending directly or indirectly on
Claim 1.

[0016] A non-limiting embodiment of the present in-
vention will be described by way of example with refer-
ence to the accompanying drawings, in which:

Figure 1 shows a schematic of a known chopper-
architectured electronic control device for controlling
a universal electric motor;

Figure 2 shows a schematic of an electric household
appliance featuring a chopper-architectured elec-
tronic control device for controlling a universal elec-
tric motor and in accordance with the teachings of
the present invention;

Figure 3 shows a block diagram of the Figure 2 elec-
tronic control device;

Figure 4 shows a block diagram of the chopper con-
troller of the Figure 3 electronic control device.

[0017] Number 20 in Figure 2 indicates as a whole an
electric household appliance - preferably, though not
necessarily, a washing-machine - substantially compris-
ing a casing 21; alaundry drum 22 mounted inside casing
21 and directly facing a laundry loading/unloading open-
ing 23 in casing 21; and a door 24 fitted to casing 21 to
move, e.g. rotate, between an open position and a closed
position respectively opening and closing opening 23.

[0018] Appliance 1 also comprises a universal electric
motor 25, i.e. a single-phase electric commutator motor
with sliding brushes, which, being known, is not de-
scribed in detail, except to state that it comprises a stator
(not shown) with a casing housing a stator winding 26;



3 EP 2 317 631 A1 4

and a rotor (not shown), which comprises a drum mount-
ed to rotate inside the stator and supporting a rotor wind-
ing 27, and is connected to laundry drum 22 by a known
transmission member 70 to rotate laundry drum 22.
[0019] A direct drive transmission is shown in figure 2
as an example; however, as an alternative, the drive shaft
of the laundry drum 22 can be connected to a pulley to
be driven into rotation by means a belt in turn connected
to the motor.

[0020] The rotor of universal electric motor 25 also
comprises a commutator (not shown) fitted to the drum
and connected electrically to rotor winding 27; and at
least two brushes 19, which slide over the commutator
to supply current to rotor winding 27 as the rotor rotates.
[0021] With reference to Figures 2 and 3, appliance 1
also comprises a control device 15 for controlling motor
25, and which substantially comprises a rectifying stage
16; a chopper regulating stage 17 designed to regulate
current supply to the rotor winding and stator winding as
a function of required rotation speed; and a filter stage
18 connecting chopper regulating stage 17 to rectifying
stage 16.

[0022] In the Figure 3 example, rectifying stage 16
comprises a rectifying bridge 33 having two input termi-
nals connected respectively by a first and second line to
a preferably, though not necessarily, alternating current
source, and two output terminals 34a, 34b supplying a
partly rectified voltage V1 and a current I1.

[0023] Filter stage 18 comprises an inductor 35, which
has one terminal connected to output terminal 34a, and,
unlike the filter system inductors of known chopper con-
trol devices, comprises a portion of stator winding 26.
[0024] More specifically, in the Figure 3 example, sta-
tor winding 26 comprises two winding portions 26a, 26b,
wherein winding portion 26a corresponds to inductor 35
and is connected to the other winding portion 26b by an
intermediate node 32.

[0025] More specifically, winding portion 26a corre-
sponds to inductor 35, has N1 number of turns, and is
traversed by the output current |1 from terminal 34a of
rectifying bridge 33; and winding portion 26b has N2
number of turns, and is traversed by a stator current
lsTAT?:

[0026] Inconnection with the above, it should be point-
ed out that winding portion 26a is designed to conven-
iently perform inductive filtering, and at the same time
generates, together with winding portion 26b, the mag-
netic field to be induced in the rotor.

[0027] Filter stage 18 also comprises a capacitor 36
having a first terminal connected to intermediate node
32, and a second terminal connected by a supply branch
37 to terminal 34b.

[0028] Chopper regulating stage 17 comprises a first
control branch 38 connected between supply branch 37
and intermediate node 32 to regulate a current Iggt sup-
plied to rotor winding 27 by brushes 19 and the commu-
tator; and a second control branch 39 connected between
intermediate node 32 and supply branch 37 to regulate
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a current IgtaTo supplied to stator winding portion 26b.
[0029] More specifically, with reference to Figure 3,
one brush 19 of the rotor is connected to intermediate
node 32, and first control branch 38 comprises a one-
way electronic device, in particular a diode 40, connected
parallel with brushes 19 of the rotor of motor 25; and an
electronic switch 41, e.g. a transistor, with a first terminal
connected to one brush 19 and to a terminal of the diode,
a second terminal connected to supply branch 37, and a
third or gate terminal which receives a control signal
PWM, for opening/closing electronic switch 41.

[0030] Second control branch 39 comprises aone-way
electronic device, in particular a diode 42, connected par-
allel with stator winding portion 26b; and an electronic
switch 43, e.g. a transistor, with a first terminal connected
to supply branch 37, a second terminal connected to a
terminal of stator winding portion 26b, and a third or gate
terminal which receives a control signal PWM, for open-
ing/closing electronic switch 43.

[0031] Chopper regulating stage 17 also comprises a
chopper controller 44, which receives a number of quan-
tities, such as a speed wrgt corresponding to the re-
quired rotor rotation speed, the measured current Iggt
through the rotor, and the measured current Igrato
through stator winding portion 26b, and is designed to
chopper-regulate currents Igot and Igtato as a function
of said quantities.

[0032] More specifically, chopper controller 44 is de-
signed to regulate the duty cycle of control signals PWM;,
and PWM, opening/closing switches 41 and 43, to bring
the motor to the required speed wrgr.

[0033] With reference to Figure 4, chopper controller
44 substantially comprises a first and second regulating
stage 50, 51 designed to respectively determine the volt-
age Vrot to be supplied to rotor winding 27 and the volt-
age VgtaTo to be supplied to stator winding portion 26b
for the rotor to rotate at the required speed wrgr.
[0034] More specifically, first regulating stage 50 com-
prises an external control loop 52, which receives the
required rotor speed wgrot and the speed w measured
on the rotor, e.g. by means of a speed sensor (not shown)
on the rotor, and supplies a reference rotor current
IROT-REF-

[0035] More specifically, external control loop 52 com-
prises a PI (proportional-integral) regulating module 53,
which varies the reference rotor current Ixgt_rgf in pro-
portion with the difference between the speed w meas-
ured on the rotor and the required rotor speed wgoT-
[0036] First regulating stage 50 also comprises an in-
ternal control loop 54, which receives reference rotor cur-
rent IroT_.rer @nd the current gt supplied to rotor wind-
ing 27, and supplies the voltage Vrgot to be supplied to
rotor winding 27.

[0037] More specifically, internal control loop 54 com-
prises a PI (proportional-integral) regulating module 55,
which varies the rotor voltage Vr ot in proportion with the
difference between current Igo1 and reference rotor cur-

rent IroT-REF



5 EP 2 317 631 A1 6

[0038] Second regulating stage 51 comprises a first
control loop 56, which receives the voltage supply to the
rotor Vgt determined by first regulating stage 51, and
a maximum reference rotor voltage Vgrgtmax, @and sup-
plies the current Iga1o to be supplied to second stator
winding portion 26b.

[0039] In connection with the above, it should be
pointed out that the maximum reference rotor voltage
VRoTmax IS predetermined on the basis of the maximum
voltage that can be supplied to rotor winding 27.

[0040] More specifically, first control loop 56 compris-
es a PI (proportional-integral) regulating module 57,
which varies the value of a reference stator flux @ gnax
in proportion with the difference between voltage Vit
and reference voltage Vrotmax:

[0041] First control loop 56 also comprises a comput-
ing module 58, which receives the value of reference
stator flux ®gpax, and supplies a reference current
IsTaT2-REF tO be supplied to second stator winding portion
26b.

[0042] More specifically, computing module 58 deter-
mines reference current Igtato.rep a@ccording to the
equation :

R0~ N1¥11
N2

Il

STAT2-REF —

where $R isthereluctance of the magnetic motor circuit.

[0043] Second regulating stage 51 also comprises a
second control loop 59, which receives reference current
IsTaT2-REF tO be supplied to second stator winding portion
26b, and the current Igpo, measured on second stator
winding portion 26b, and supplies the voltage Vgrat to
be supplied to second stator winding portion 26b.
[0044] More specifically, second control loop 59 com-
prises a Pl (proportional-integral) module 60, which var-
ies the value of voltage Vgyat in proportion with the dif-
ference between reference current Igrato.rer @nd cur-
rent Igtato-

[0045] Finally, chopper controller 44 comprises a
PWM module 61, which receives voltages Vgot and
VstaT, @nd accordingly generates control signals PWM;
and PWM, for opening/closing electronic switches 41
and 43 respectively.

[0046] Control device 15 for controlling universal elec-
tric motor 25 of appliance 1 has the major advantage of
employing a portion of the stator winding to perform the
filtering function involved in chopper-regulating the mo-
tor, thus reducing both circuit bulk and manufacturing
cost.

[0047] Clearly, changes may be made to the electric
household appliance and the control device as described
herein without, however, departing from the scope of the
present invention as defined in the accompanying
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Claims.

Claims

1. An electric household appliance (20) comprising a
universal electric motor (25), and an electronic con-
trol device (15) for regulating the rotor current (Izg7)
and stator current (Igta12) to be supplied to the rotor
winding and stator winding of said motor (25), as a
function of a required rotor rotation speed (0rg7);
said electronic control device (15) comprising a fil-
tering stage (18) having at least one inductor (35)
and at least one capacitor (36), and a chopper reg-
ulating stage (17) which is connectable by said fil-
tering stage (18) to a supply source, and is designed
to chopper-regulate said rotor current (Izo7) and said
stator current (Igta2) Of said motor (25) as a function
ofthe required rotor rotation speed (wr7); Said elec-
tric household appliance (20) being characterized
in that said inductor (35) of said filtering stage (18)
comprises a first stator winding portion (26a).

2. An electric household appliance as claimed in Claim
1, wherein said chopper regulating stage (17) chop-
per-regulates the current (Igta7o) flowing through a
second stator winding portion (26b); said first (26a)
and said second (26b) stator winding portion togeth-
er forming said stator winding (26).

3. An electric household appliance as claimed in Claim
2, wherein said chopper regulating stage (17) com-
prises a first electronic switch (41) opened/closed by
a first control signal (PWM,) to regulate current sup-
ply to said second stator winding portion (26b); a
second electronic switch (43) opened/closed by a
second control signal (PWM,) to regulate current
supply (IroT) to the rotor winding (27); and a chopper
controller (44) configured to generate said first
(PWM;) and said second (PWM,) control signal as
a function of said required rotor rotation speed

(wRoT)-

4. An electric household appliance as claimed in Claim

3, wherein said chopper controller (44) comprises a
first regulating stage (50), which is designed to cal-
culate the supply voltage (Vrot) to the rotor winding
(27) as a function of the difference between the re-
quired rotor rotation speed (wggt) and the measured
rotor speed (w), and generates said first control sig-
nal (PWM,) as a function of the calculated said volt-

age (Vror)-

5. An electric household appliance as claimed in Claim
4, wherein said first regulating stage (50) comprises
a proportional-integral external control loop (52) de-
signed to vary a reference rotor current (Irg.rgr) in
proportion with the difference between the measured
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rotor speed (w) and said required rotor rotation speed
(0roT)-

An electric household appliance as claimed in Claim
5, wherein said first regulating stage (50) comprises
a proportional-integral internal control loop (54) de-
signed to vary the voltage (Vrg) to be supplied to
the rotor, in proportion with the difference between
the current (Ixot) measured on the rotor winding (27)
and the calculated said reference rotor current

(IroT-REF)-

An electric household appliance as claimed in any
one of Claims 3 to 6, wherein said chopper controller
(44) comprises a second regulating stage (51), which
is designed to calculate the supply current (IstaTo)
to said second portion (26b) of the stator winding
(26) as a function of the difference between said rotor
voltage (Vrot) calculated by said first regulating
stage (50), and a maximum reference rotor voltage
(VrRoTmax), and generates said second control sig-
nal (PWM,) as a function of the calculated said sup-

ply current (Igtato)-

An electric household appliance as claimed in Claim
7, wherein said second regulating stage (51) com-
prises a first control loop (56) comprising a propor-
tional-integral regulating module (57) designed to
vary the value of a reference stator flux (®,¢pax) in
proportion with the difference between said rotor
voltage (Vgot) calculated by said first regulating
stage (50), and a maximum reference rotor voltage

(VrRoTmAX)-

An electric household appliance as claimed in Claim
8, wherein said first control loop (56) comprises a
computing module (58), which receives the value of
said reference stator flux (®pax) and supplies a
reference current (Igtat2-reF) t0 be supplied to said
second stator winding portion (26b).

An electric household appliance as claimed in Claim
9, wherein said computing module (58) determines
said reference current (IgtaTo-rer) according to the
following equation:

RD 0 — N1
N2

] -

STAT2-REF

where
circuit.

is the reluctance of the magnetic motor

An electric household appliance as claimed in Claim
10, wherein the second regulating stage (51) com-
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prises a second control loop (59), which receives
said reference current (Igtato-rer) to be supplied to
the second stator winding portion (26b), and the cur-
rent (IgTaT2) measured on the second stator winding
portion (26b), and supplies the voltage (VgraT) t0
the supplied to the second stator winding portion
(26b).
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