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DEVICE FOR THE CONTROLLED ACTUATION OF THE 

BASKET OFAWASHING MACHINE 

BACKGROUND OF THE INVENTION 

This invention relates to a device for actuating, at a con 
trolled speed, the washing basket of a washing machine. 
As is well known, the two elements which particularly 

characterize an actuating device for a washing machine, are 
the motor and the speed governor. 
The motors as conventionally used are those operated by al 

ternating current, more exactly tri-phase AC, since the DC 
motors, which should be preferred from a number of stand 
points, and more particularly due to their greater versatility 
and adaptability to an extremely fine and sophisticated speed 
adjustment, cannot be employed inasmuch as the humidity of 
the environment in which they are required to operate, may 
cause them to short-circuited, with the result that very high 
currents are drawn in, which are susceptible to cause damage 
to the rectifying elements which feed the motors or at least im 
pede the rectifying elements being properly controlled. 
The most commonly used speed governors, in turn, are the 

so-called "wave train governors' and the "phase-splitting 
governors." The former governors are based on the presence 
of an assembly of electronic components having a controlled 
opening (SCR diodes, thyratrons, etc.) which are controlled 
so as to cutoff the feed to the motor whenever the motor speed 
exceeds a predetermined value and to reinstate it, at any in 
stant of time, as the motor speeds go below a certain 
preselected value. The latter governors are based on the 
presence of a number of electronic components having a con 
trolled opening, which are controlled in such a way as to cut 
off the feeding for a certain portion of a half-wave of the feed 
ing voltage and to reinstate it for the remaining portion, with 
the ratio of one of the times relative to either of the portions 
aforementioned to the other portion being automatically 
varied as a function of the speed of the motor being con 
trolled. 
Both types of governors as mentioned above suffer from the 

drawback of originating intense radiofrequency noises on ac 
count of the steep voltage fronts which are present when 
passing from the feeding cut offstage to the feeding reinstate 
ment stage. The noises are always and at any rate undesirable, 
but are particularly disturbing in the case of washing machine 
motors, since RF noises directly involve the users. It is possible 
to suppress them or at least to reduce them to negligible pro 
portions by using suitable filters: however, the large size of 
these render the implementations both bulky and expensive. 
The object of the invention is to provide a device for the 

controlled actuation of the basket of a washing machine which 
is capable of exploiting the advantages of DC motors without 
suffering the drawbacks thereof, and in which the speed ad 
justment is carried out in such a way as not to originate the 
above mentioned RF noises. 

SUMMARY OF THE INVENTION 

The object of the invention is achieved by means of a device 
characterized in that it comprises a DC motor fed through a 
transformer of the constant-current type and a rectifier com 
prising rectifying elements whose opening is controlled by an 
adjustment device adapted to deliver opening pulses which are 
synchronized with the zeros of the feed AC current until the 
speed of the motor is below a predetermined value, and to 
stop the delivery as the predetermined value is exceeded. 
The particular combination of elements composing the 

present actuating device is the origin of a number of ad 
vantages. More particularly, the use of a DC motor 
(preferably of the independent excitation type so as to limit 
the breakaway torques produced while dispensing with a 
tacheometric generator to take speed readings) permits a finer 
and more linear control of the speed, the presence of a trans 
former of the constant current type (that is of the type as com 
monly used for the electric welding machines) permits limiting 
the currents which flow through the controlled rectifying ele 
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2 
ments in the case of shortcircuiting of the motor and thus im 
pede damage for the controlled rectifying elements and, lastly, 
the use of a governor capable of causing the instants of open 
ing of the controlled rectifying elements (and thus it can be 
defined as a governor which suppresses whole half-waves) to 
coincide with the zeroes of the feeding voltage, avoids the 
presence of steep voltage fronts at the instant in which one 
passes from a cut off condition to a feeding condition and thus 
eliminate the RF noise mentioned above in connection with 
wave train governors and phase splitting governors. 

Further features and advantages of the present invention 
will become apparent from the following detailed description 
of a preferred embodiment thereof. In this detailed descrip 
tion, given by way of example only, reference will be had to 
the accompanying drawings, wherein: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuitry diagram, in detail, of the preferred em 
bodiment of the actuation device according to the invention. 
FIGS. 2 to 7 are plots which show the trends, as a function 

of time, of a few signals which have a quite particular meaning 
for indicating the operation of the device of FIG. i. 

DETAILED DESCRIPTION OF THE INVENTION 
With reference to FIG. 1, a DC motor 2, of the collector 

type and having an independent excitation (permanent mag 
net or field windings) is inserted in a branch of a bridge circuit 
1 having in the other three branches as many resistors 3, 4 and 
5. The bridge 1 is fed, in correspondence with two of its ter 
minals 6 and 7, by the output of a rectifying bridge 8 which 
comprises two diodes 9 and 10 and two SCR diodes 11 and 12. 
The two terminals 13 and 14 of the rectifier bridge 8, in addi 
tion to being connected to one another by an additional circu 
lation diode 64 (intended to prevent the inductive load con 
sisting of the motor 2 from causing the delayed extinction of 
the SCR diodes) are connected to the terminals 6 and 7 of the 
bridge circuit 1, whereas the remaining two terminals 15 and 
16 of the rectifying bridge 8 are connected to a secondary 
winding 17 of a constant-current transformer 18, whose pri 
mary windings receives a conventional AC feed from the main 
at two terminals 20 and 21. A selector switch 22 can selective 
ly engage five different taps of the secondary winding 17 and 
thus cause the input voltage to the rectifier bridge 8 to be 
varied among five different magnitudes. 
The SCR diodes 11 and 12 of the rectifier bridge 8 are con 

trolled by a regulating device adapted to supply them with 
opening pulses synchronized with the AC main voltage until 
exceeding a value which is predetermined by the c.e.m.f. of 
the motor 2. The regulator device comprises a rectifier 23 
consisting of a bridge circuit defined by four diodes 24, 25, 26 
and 27 and having two terminals 28 and 29 connected to the 
terminals 20 and 21, respectively, and two terminals 30 and 31 
connected to one another by a series of a resistor 32 and a 
Zener diode 33 and a series of two resistors 34 and 35. 
A point 36, midway between the resistor 32 and the Zener 

diode 33 is directly connected to a point 37 which is the junc 
tion between a diode 38 and an SCR diode 39 having their 
anodes in common. The cathode of the diode 38 is connected 
to the terminal 31 of the rectifier 23 via a capacitor 40, 
whereas the cathode of the SCR diode 39 is connected to the 
control electrode of the SCR diode 11 via a resistor 41, to the 
control electrode of the SCR diode 12 by a resistor 42 and to 
the terminal 13 of the rectifier bridge 8 by an arrangement of 
the resistor 41 and another resistor 43 and by a series arrange 
ment of the resistor 42 and another resistor 44; the resistors 41 
and 42 must consequently be equal to one another and the 
same is true of the resistors 43 and 44. 
The control electrode of the SCR diode 39 is connected to 

the emitter of an NPN transistor 45, whose collector is con 
nected through a resistor 46 to a point of a conductor 47 
which connects the cathode of the diode 38 to the correspond 
ing plate of the capacitor 40. The base of the transistor 45, in 
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turn, is connected to the collector of an NPN transistor 38, 
with such collector being also connected to the conductor 47 
via a resistor 49. Conversely, the emitter of the transistor 48 is 
directly connected to a point of the conductor 50 which con 
nects the other plate of the capacitor 40 to the terminal 31 of 
the rectifier 23, whereas the base of the same transistor 48 is 
connected to the conductor 50 via the resistor 35. 
The base of the transistor 48 is connected also via a Zener 

diode 51 to the collector of a transistor 52 having its emitter 
directly connected to the conductor 50 and the collector con 
nected also to the conductor 47 through a resistor S3. The 
base of the transistor 52, in addition to being connected to the 
collector and the emitter, respectively, of the same transistor 
52 through a capacitor 54 and a diode 55, is directly con 
nected to a point or node 56 with the latter being connected to 
a terminal 57 of the bridge circuit through a resistor 58, and to 
the conductor 47 through a resistor, to be selected from time 
to time, of five resistors 59 to 59' whose selection is carried 
out by a selector switch 60. The circuit is then completed by 
the direct connection between the conductor 50 and the ter 
minal 61 of the bridge 1. 
The operation of the device shown in FIG. 1 is as follows: 

the AC voltage V, which is present at the terminals 20-21 
(FIG. 2) is converted by the rectifier 23 into a pulsatory volt 
age V, (FIG. 3) between the terminals 30 and 31 and thus, 
even with a different amplitude, to the ends of the resistor 35. 
At the ends of the Zener diode 33, instead, a voltage is 
established which is of the type of FIG. 4 (V), which, through 
a diode 38, charges the capacitor 40 by keeping the voltage 
constant at the ends thereof (VFIG. 5). 
The pulsatory trend of the voltage at the ends of the resistor 

35 causes the transistor 48 to be cut of whenever said voltage 
crosses the zero point, to be reinstated to the conducting con 
dition immediately after. The cutoff of the transistor 48 causes 
the voltage at the point 62 to be raised and thus the transistor 
45 is switched to its conducting condition. This conducting 
condition has an extremely short duration since, as the voltage 
at the ends of the resistor 35 returns to values other than zero, 
the transistor 48 is brought back to conducting condition, 
lowering the potential of the point 62 and cutting off thereby 
the transistor 45. The collector-emitter output current of the 
transistor 45 has thus a pulse-like trend with a pulse at every 
zero crossing of the feed voltage as drawn at the terminals 20 
and 21. 
The pulses, synchronized with the feeding voltage cause the 

opening of the SCR diode 39 and, consequently, the opening 
of the SCR diodes 11 and 12. The feeding voltage, as trans 
formed by the transformer 18 and applied between the ter 
minals 15 and 16 of the rectifier bridge 8, causes then a flow of 
current towards the bridge 1, with the result being the feeding 
of the motor 2. The current flow lasts as long as the SCR 
diodes 11 and 12 are open and thus for an entire half-wave of 
the feeding voltage. The intensity of the feeding current, and 
thus the nominal speed of the motor, are a function of the 
position of the selector switch 22 and, by appropriately desig 
ning the transformer 18 and, more particularly, the secondary 
winding 17 thereof, the speed can be maintain such as to keep 
low the breakaway torque of the motor and prevent damage to 
the SCR diodes 11 and 12. 
Should things always go in the manner described above, that 

is, more particularly, should the transistor 48 be cut off at 
every zero-crossing of the feeding voltage, the SCR diodes 11 
and 12 would be fired at each zero-crossing of said voltage and 
thus a continuous sequence of pulsatory current half-waves 
would be experienced, having a frequency twice the one at the 
terminals 20 and 21 and in phase with the voltage therein, 
towards the motor 2, so that the latter would be constantly 
fed. In point of fact, this is just what happens until the speed of 
the motor does not exceed a certain predetermined limiting 
value. As a matter of fact, until the motor speed is low (or, 
more properly speaking, below said predetermined limiting 
value), the c.e.m.f. as produced is also low so that a propor 
tion of the current which is caused to circulate by the constant 
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4 
voltage V, through a selected resistor of the resistors 59-59' 
and towards the node 56, is guided towards the base of the 
transistor 52 (the resistor 58 and the capacitor 54 act as 
smoothing filter for the reactive component as caused by the 
inductance of the motor 2), thus causing the latter to conduct, 
with a collateral consequence being the potential at the point 
63 being set below the value which is required to discharge the 
Zener diode 51. 
Under these circumstances, the portion of the device which 

compares the fixed reference voltage V with the signal which 
is a function of the c.e.m.f. and thus of the speed of the motor 
2 does not influence the operation of the remaining portion of 
the device, and, more particularly, has no influence on the 
operation of the assembly formed by the pulse generator com 
prising the transistor 48 and that of the amplifier comprising 
the transistor 45, which continues to emit pulses at every zero 
crossing of the feeding voltage. Thus, between the rectifier 
bridge 8 and the bridge circuit 1 whole half-waves of motor 
feeding pulsatory current continue to flow. 

If, however, the speed exceeds the predetermined limiting 
value cited above (to which an appropriate selection of the re 
sistors 59-59 corresponds), the current entering the node 56 
is almost entirely forwarded through the resistor 58 (the 
capacitor 54 then absorbs the reactive component of said cur 
rent again), so that the transistor 52 is cut off or, at least, has 
so restricted a conducting conditions as to lift the potential of 
the point 63 above the threshold value of the Zener diode 51 
thus causing the base of the transistor 48 to be fed by such a 
current as to keep it conducting in spite of the zero-crossing of 
the voltage supplied to the ends of the resistor 35 by the pulsa 
tory voltage delivered by the rectifier 23. The result is now 
that, when the speed of the motor exceeds the limiting value 
predetermined therefor, the zero-crossings of the feed voltage 
do not cause any longer the cutoff of the transistor 48, so that 
the transistor 45 is non-conducting and consequently it does 
not deliver pulses to open the SCR diode 39. The SCR diodes 
11 and 12thus remain closed and consequently the feeding to 
the motor 2 is prevented. 
These conditions last until the motor speed does not return 

below the fixed upper limit. At that stage, the current fed to 
the base of the transistor 52 is restored to a level which is suffi 
cient to bring said transistor back to such a conducting condi 
tions as to lower the potential of the point 63 below the 
threshold level of the Zener diode 51. The subsequent zero 
crossing of the feeding voltage restores then to cutoff the 
transistor 48 and reinstates the original conditions. FIGS. 6 
and 7 show, by way of example, the trends of the signals and 
V, which are present at the output of the transistor 45, and 
between the bridge 8 and the bridge 1, respectively, if the du 
ration time of the exceedingly high speed condition is such as 
to suppress only one of the pulses produced by the transistor 
45 in synchronism with the zero-crossings of the feeding volt 
age. The voltage differential represented by the fourth half 
wave of FIG. 7 corresponds to the value of the c.e.m.f. of the 
motor when the feeding voltage is cancelled. From the figures 
it can be inferred that, since the start and the stop of the cutoff 
stages of the feed of the motor 2 are determined by zeroes of 
the feeding voltage, entire half-waves are suppressed rather 
than portions of them, so that the several transitions from one 
condition to the other are never accompanied by undesirable 
voltage fronts. With an adjustment device of the kind 
described, no RF noises are experienced. At the same time, 
the use of a DC motor, which is permitted by the presence of a 
constant-current transformer such as the transformer 18, per 
mits a very fine and linear control to be carried out within a 
very wide speed range. It should be noticed that the device 
shown in FIG. 1 has been described herein by way of example 
only, since a number of changes may be introduced therein 
without therefor departing from the scope of the invention, 
whose limits are defined by the appended claims. For exam 
ple, the assembly formed by the amplifier and which com 
prises the transistor 45 and the SCR diode 39 could be readily 
replaced by an assembly formed by a single shot multivibrator 
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100 and an amplifier 101 without varying the overall opera 
tion of the regulating device. 

Similarly, the motor to be controlled could also be other 
than an independent excitation motor, and, possibly, a series 
excitation motor: if so, the signal proportional to its speed 
could no more be drawn by a bridge 1 and an integrator, such 
as the resistor 58 plus the capacitor 54, but a tacheometric 
generator should be employed. This is one of the reasons, the 
others being the limitation of the breakaway torque, the possi 
bility of using permanent magnets, the insensitivity to failures 
which lead directly to the motor the AC feeding current and 
so forth, why the most suitable of the DC motors which can be 
used for the device according to the invention is the indepen 
dent excitation motor, especially on account of the fact that 
the subject device is intended for the actuation of the washing 
basket of a washing machine. 
What is claimed is: 
1. A device for the controlled actuation of the basket of a 

washing machine, including a DC motor, a control circuit 
therefor, a transformer having primary windings receiving AC 
and a secondary winding feeding constant current to the DC 
motor and control circuit, a rectifier circuit including rectify 
ing elements, a regulating unit for controlling the opening of 
the rectifying elements, said unit being adapted to deliver 
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6 
opening pulses synchronized with the zero-crossings of the AC 
feeding voltage until the motor speed is below a predeter 
mined value and to discontinue said delivery as said predeter 
mined value is exceeded, said regulating unit comprising a 
pulse generator for delivering a pulse at each zero of its input 
signal, with said input signal being defined by the sum of a 
pulsatory signal having twice the frequency of, and in phase 
with, the feeding AC voltage, and a signal whose amplitude is 
other than zero only when the motor speed exceeds said 
predetermined value, the signal whose amplitude is other than 
zero only when the motor speed exceeds said predetermined 
value being composed by the discharge current of a Zener 
diode at whose ends a voltage is present which is a function of 
the difference between a signal which is a function of the 
motor speed and a fixed reference signal. 

2. The device according to claim 1, in which said motor is of 
the independent excitation type, or of the permanent magnet 
type of wound field type and said signal which is a function of 
the motor speed being drawn at the terminals of a bridge cir 
cuit, one branch of which includes the motor perse. 

3. The device according to claim 2, including a smoothing 
filter for the signal drawn at the terminals of the bridge circuit. 
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