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[57] - ABSTRACT 

The motor of a laundry appliance is selectively driven 
in either a unidirectional or an alternating rotary 
manner by a single phase induction motor to rotate a 
clothes basket during a ?uid extraction operation and 
to oscillate an agitation device during a laundry agita 
tion period. The motor is provided with a pair of sta 
tor windings connected in opposite polarity sense, one 
of these windings being connected to an alternating 
voltage source for continuously receiving an altemat- . ’‘ 
ing voltage wave while the other winding is selectively 
and/or cyclically connected across the voltage input 
terminals for a very brief period to reverse the motor. 
The motor with an electronic control circuit forms the 
basis of a simpli?ed drive system for an automatic 
laundry appliance. 

18 Claims, 8 DrawingFigures , 
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REVERSING MOTOR SYSTEM FOR A LAUNDRY 
APPLIANCE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to drive systems for automatic 

washers, and in particular to a modi?ed induction 
motor and associated control circuitry and drive system 
components which form an automatic washer drive 
mechanism. 

2. Description of the Prior Art 
Heretofore, drive systems for automatic laundry ap 

pliances which utilize an alternating rotary type of 
agitation generally have included transmissions which 
convert unidirectional motion created by a motor to 
the desired oscillatory motion. Alternatively, DC mo 
tors have been used in various direct drive systems 
which suffer from a requirement for relatively 
elaborate control circuitry to effect the desired agita 
tion and spin operations. In addition, the art recognizes 
the utilization of an energy storage device between the 
drive source and agitator in an automatic washer. 

Generally, the various techniques for reversing single 
phase motors have a number of disadvantages when the 
techniques are applied to laundry appliance drive 
systems which require frequent periodic reversal. 
These disadvantages include: overheating of the motor 
due to operation for long periods at low efficiency and 
low self-ventilating speeds; poor switch life; high cost 
due to requirements for large capacitors, switches, 
complex feedback circuitry and additional ventilating 
means; and difficulty in providing a drive system which 
has good agitator action as well as good spin charac 
teristics. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide an im 
proved drive system for an automatic washer utilizing a 
reversing induction motor in a direct driving relation 
ship with an agitator. , 

It is also an object of the invention to provide an im 
proved method for reversing an induction motor. 

It is a further object of the invention to provide a 
modi?ed induction motor and a control circuit for ef 
fect-ing very rapid reversal of the motor in a controlled 
cyclic manner. 
As set forth in a copending application of Nystuen 

entitled “Induction Motor Structure and Method of 
Operation,” Ser. No. 134,579 and ?led on an even date 
herewith, a modi?ed induction motor construction and 
method of operating the modi?ed motor are provided 
to .effect controlled reversal of the motor in an ex 
tremely rapid and reliable manner. The foregoing and 
other objectives are realized through practice of the in 
stant invention which utilizes this type of motor con 
struction and an additional method of energizing the 
motor along with an appropriate control circuit to pro 
vide a drive system for an automatic laundry appliance. 
According to the invention a motor is provided with 

a rotor and a pair of stator windings, each of the stator 
windings taking a general form which is typical of con 
ventional stator windings for induction motors. The 
two stator windings are connected in opposite polarity 
sense with respect to each other and, contrary to the 
switching of applied voltage from one winding to the 
other as done in the aforementioned Nystuen applica 
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2 
tion, one of the windings is connected to an alternating 
voltage power source to continuously receive an alter 
nating voltage wave, while the other winding is select 
vely and cyclically connected across the voltage source 
at or near time spaced zero crossings of the alternating 
voltage wave. Such energization of the motor creates a 
very rapid reversal of the direction of rotation of the 
motor, and the motor is periodically reversed in this 
manner to provide the alternating drive for the agitator 
of an automatic washing apparatus. 
The motor may be connected to the agitator by 

means of a torsion spring which is intended to absorb 
mechanical transients and promotes a smooth agitating 
operation. 
A unijunction transistor relaxation oscillator is in- _ 

cluded in a control circuit connected to the motor, and 
conduction of the unijunction transistor is utilized to 
develop a gating pulse for a controlled conduction 
device which serves as a switch to connect and discon 
nect the second stator winding from the voltage input 
terminals at appropriate times. 

DESCRIPTION OF THE DRAWING 

Other objects, features and advantages of the inven-' 
tion, its organization, construction and operation will 
become apparent and the invention will best be un 
derstood by reference to the following detailed descrip 
tion taken in conjunction with the accompanying 
drawings, in which: 

FIG. 1 is a schematic elevational view of a laundry 
appliance which may advantageously employ a 
reversing motor system constructed in accordance with_ 
the principles of the present invention; 

FIGS. 2a-2d are graphical illustrations of several 
voltage wave fomrs which may be applied to the stator‘ 
windings to effect a rapid reversal of the motor; 

FIGS. 3a and 3b are graphical illustrations of motor 
torque and synchronous speed with respect to time il 
lustrating the speed of motor reversal according to the 
invention; and 

FIG. 4 is a schematic circuit diagram of a motor hav 
ing two stator windings and the associated control cir 
cuit according to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A complete description of a winding arrangement 
and method by which an induction motor may be 
rapidly reversed utilizing a phenomenon associated ' 
with properly synchronized polarity reversal of the ap 
plied voltage can be found in the aforementioned 
Nystuen application, Ser. No. 134,579. Sufficient 
description of this phenomenon for an understanding 
and appreciation of the present invention is given 
below. 

In FIG. 1, a laundry appliance is generally illustrated 
at 10 as comprising a tub portion 11 carried on a base 
12. The tub 11 has mounted therein a spin basket 13 in 
cluding a perforate portion 14 facilitating communica 
tion of washing liquid between the tub 11 and the in- _ 
terior of the spin basket 13. 

Also mounted within the tub l1 and further within 
the interior of the spin basket 13 is an agitator 15. The 
agitator l5 and the spin basket 13 are driven by a drive 
motor 16 which is coupled thereto by way of a pulley 
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17, a belt 18, a pulley 19 and a drive shaft 20. The spin 
basket 13 and the agitator 15 may be secured for com 
mon movement, or a clutch mechanism (not shown) 
may be provided as is well known in the art to drivingly 
engage the spin basket 13 and the agitator drive shaft 
20. 
The agitator 15 may be resiliently coupled to the 

agitator drive shaft 20 as illustrated by means of a pair 
of torsion springs 21 and 22. The springs may be 
housed in an upper portion of the agitator l5 and cou 
pled to this portion of the agitator and to the upper por 
‘tion of the agitator drive shaft 20. One of the springs 21 
and 22 couples motion to the agitator 15 when the 
drive shaft 20 is rotating in a ?rst direction and the 
other of springs 21 and 22 couples motion to the agita 
tor when the drive shaft 20 is rotating in the opposite 
direction. Different types of springs or other resilient 
driving connections may be used to couple the drive 
shaft 20 to the agitator 15 to ease the dynamic torsional 
loading of the motor 16 during its cyclic reversals. 
The drive motor 16 has a ?rst winding connected 

across an alternating voltage power source 45 and is 
operated in a unidirectional or in an oscillator mode by 
means of a control circuit 24 which is e?ective to apply 
voltage pulses to a second winding of the motor at or 
near zero crossings of the applied voltage. The net ef 
fect of a properly synchronized voltage pulse from the 
control circuit 24 is to create a negative torque pulse of 
large magnitude and brief duration. The impulse 
created by the negative torque pulse is su?icient to 
overcome the inertia of the rotor and the driven load to 
provide an extremely rapid reversal of the motor. 
The control circuit 24 is operative only during the 

agitation portion of a washing cycle in accordance with 
a signal supplied via a lead 25 by an appliance timer 26. 
The timer 26 may be of the conventional elec 
tromechanical type in which a series of switch contacts 
are sequentially operated by a set of rotatably driven 
cams. Such timers are well known in the art, and the 
timer 26 effectively controls the various machine 
operations including spin, as indicated by a lead 27 to 
the motor 16. The lead 27 may serve to energize an ad 
ditional winding, a high speed winding, of the motor 16 
to achieve a high spin speed during the extract portion 
of a washing cycle. 
As set forth above and in the aforementioned 

Nystuen application, reversal of polarity of the voltage 
applied to an induction motor will produce a rapid 
reversal of the motor rotor if care is taken that the 
polarity reversal occurs in the vicinity of zero crossings 
of the voltage. Due to a lagging power factor in motor 
operation, the necessary switching points occur at 
times when the current is at or near its maximum valve. 
Therefore, high voltages which may be damaging to 
solid state switches are likely to be generated due to the 
amount of energy stored in the inherent inductance of 
the system. In order to advantageously utilize solid 
state switching without the fear of detrimental effects 
of such high voltages, the induction motor may be pro 
vided with two windings, both located on the same axis 
and connected in opposite polarity sense to each other. 
A rapid reversal of the motor may be effected by simply 
energizing one of the stator windings continuously in 
the normal fashion and applying a voltage pulse to the 
second winding at a zero crossing point of the applied 
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4 
voltage. It has been found that a rapid motor reversal 
can be obtained by energizing the second winding for 
1/2 cycle, 3/2 cycle, or 5/2 cycle of the applied voltage. 
These modes of energization are illustrated in FIG. 2, 
the motor reversal being initiated at 28. The inertia of 
the rotor and machine load, usually are important in 
the selection of the most optimum of the aforemen 
tioned modes for fast reversal. 

Energizing both stator windings for extended periods 
does not enhance the motor reversal and, in fact, this 
may result in stalling and an excessive current draw. It 
has also been found that energizing both stator 
windings for a period comprising an even number of 
half cycles does not enhance the motor reversal, and in 
factunder appropriate circumstances such energiza 
tion may preclude reliable reversal. This is due to the 
fact that after the ?rst half cycle of energization, each 
successive half cycle which is of opposite polarity‘has 
an opposing effect on the transients which effect the 
reversal. Therefore, it is preferable to energize the 
motor windings for a period comprising an odd number 
of half cycles, thereby insuring that the number of half 
cycles aiding the initial half cycle will be greater than 
the number of half cycles opposing it, and that the last 
half cycle will be of the same polarity as the initial half 
cycle. 

Generally, within the limitations dictated by the en 
vironment of a domestic laundry appliance, energiza 
tion of the second stator winding for 1/2 cycle or 3/2 
cycle of the applied alternating voltage has been ‘found 
most desirable. 
FIG. 3a illustrates the nature of the torque pulse 

which is developed within the motor 16 when the 
windings are energized by one of the methods of FIGS. 
2a~2d. The torque pulse illustrated at 29 always op 
poses the previous direction of motor rotation, and is of 
large magnitude and short duration. The attendant 
rapid motor reversal is depicted by the lower curve of 
FIG. 3b, and as illustrated the motor can almost im 
mediately achieve synchronous speed in the opposite 
direction, typically within approximately 100 mil 
liseconds. ' 

FIG. 4 illustrates the motor 16 having two stator 
windings 30 and 31 of the type described in connection 
with a control circuit 24 for effecting a periodic or 
cyclic reversal of the motor. The control circuit 24 is 
economical and operates directly 45) a conventional 
alternating current input line L1, L2 (source 45() and 
eliminates the necessity for any additional power sup 
plies. The control circuit 24 employs a unijunction 
transistor connected in a relaxation oscillator con?gu 
ration for timing the reversal pulses; however, other 
means, as for example digital 60Hz countdown, could 
be utilized for the same purpose. In addition, a position 
sensing device for initiating motor reversal could also 
be employed when synchronized to the positive half 
cycle of the input line voltage. 
More specifically, the circuit illustrated in FIG. 4 

comprises a pair of stator windings 30, 31 for providing 
the excitation ?eld of the motor 16. The ?rst winding 
30 is connected across the alternating voltage input ter 
minals L1, L2 and the second winding 31 is connected 
in series with a controlled conduction device, here il 
lustrated a silicon controlled recti?er 32, the series 
combination being connected across the input ter 
minals L1, L2. 
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A relaxation oscillator 33 is provided for controlling 
the conduction of the controlled conduction device 32. 
The relaxation oscillator 33 includes a resistor 34, a 
diode 35 and a capacitor 36 connected in series across 
the input terminals L1, L2 for deriving a bias potential 
at conductor 37 by charging of the capacitor 36 
through the diode 35 and the resistor 34. The direct 
current potential on conductor 37 is utilized for charg 
ing a capacitor 39 through a resistor 38 to provide the 
?ring potential at the emitter of a unijunction transistor 
40. The unijunction transistor 40 has one base thereof 
connected by way of a resistor 41 to the conductor 37 
and the DC potential thereat, and the other base 
thereof connected to the input terminal L2 by way of a 
resistor 42. 
The resistor 42 is employed to develop a gating pulse 

thereacross upon conduction of the unijunction 
transistor .40, which gating pulse is applied to a gate 
electrode 43 of the controlled conduction device 32 to 
render that device conductive and connect the second 
winding 31 across the input terminals L1, L2. 
The RC time constant of the resistor 38 and the 

capacitor 39 determines the periodic ?ring of the 
unijunction transistor 40 and accordingly the periodic 
application of line voltage to the second stator winding 
31. As is well understood by those skilled in the art, 
once the SCR 32 is energized by means of a pulse on its 
vgate electrode 43, current will continue to flow through 
winding 31 and through the SCR 32 until the mag 
nitude of the current drops substantially to zero, at 
which time the SCR will shut off and prevent further 
current flow through winding 31. Thus, it is seen that 
winding 31 can be energized only during positive half 
cycles of the AC voltage. 
The periodic ?ring of the unijunction transistor 36 as 

determined by the resistor 38 and the capacitor 39 is 
synchronized to voltage zero crossings preceding posi 
tive half cycles of the AC line voltage by the supply 
voltage ripple. Depending upon the values selected for 
resistor 38 and capacitor 39, the time between timings 
of transistor 36 may comprise numerous half cycles of 
the AC line voltage. Such synchronization to the zero 
crossing points of the AC voltage waveform is impor 
tant if reliable and repeatable motor reversals are to be 
obtained. ' 

The lead 25 from the electromechanical timer 
referred to earlier is seen as connected to the junction 
of the resistor 38, the capacitor 39, and the emitter lead 
44 of the unijunction transistor 40. This enables the 
emitter of the unijunction transistor to be shorted to 
power supply lead L2 by means of an appropriate timer 
contact (not shown), thereby stopping operation of the 
relaxation oscillator 33 and preventing the periodic 
energization of SCR 32 and stator winding 31. Thus, 
the periodic reversal of motor 16 can be halted as 
desired to perform other portions of a washing cycle. 

It should be understood that although the present 
control circuit is designed to energize the second stator 
winding 31 only during positive half cycles of the ap 
plied voltage, as illustrated by of FIG. 2b, energizing 
this winding during only the negative half cycles of the 
applied voltage will also effect similar rapid reversal of 
the motor. Further, it should be understood that ener_ 
gizing the winding 31 for both positive and negative 
half cycles of the applied voltage, as illustrated in the 
FIGS. 2c and 2d, will result in reversal of the motor, 
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6 
although the present control circuit is not designed to 
operate in this manner. An explanation of why those 
modes of energizing the winding 31 also produces a 
rapid reversal can be found in the aforementioned 
Nystuen application Ser. No. 134,579 
The apparatus disclosed herein provides a simple and 

economical driving system for a laundry appliance 
which operates equally well in a unidirectional rota 
tional mode and in an oscillatory mode. Further, the 
system eliminates the necessity for complex feedback 
networks and additional cooling and ventilating ap 
paratus previously required in prior art reversible 
motor systems in that the mechanical transients are 
short lived and reversal is almost instantaneous so that 
motor speed is su?iciently high to prevent overheating 
and to provide conventional self-ventilating action. 
While we have described our invention by reference 

to a speci?c illustrative embodiment thereof, changes 
and modi?cations of the invention may become ap 
parent to those skilled in the art and it is to be un 
derstood that we wish to include within the patent war 
ranted hereon all such changes and modi?cations as 
may reasonably and properly be included within the 
scope of our invention. 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are de?ned as fol 
lows: 

1. A motor reversing circuit comprising: input ter 
minals for receiving an alternating voltage wave having 
cyclic zero crossover points; a rotor; ?rst and second 
stator windings inductively coupled to said rotor and 
wound in opposite polarity sense to each other and 
respectively connected across said input terminals; and 
reversing means including switching means serially in 
terposed in the connection between said second wind 
ing and one of said input terminals, and switch control 
means connected across said input terminals and con 
nected to said switching means for actuating said 
switching means in response to and at selected zero 
crossover points to e?ect controlled reversal of said ro 
tor. 

2. A motor reversing circuit, comprising: input ter 
minals for receiving an alternating voltage wave having 
cyclic zero crossover points; a rotor; ?rst and second 
stator windings inductively coupled to said rotor and 
wound in opposite polarity sense to each other and 
respectively connected across said input terminals; and 
reversing means including switching means serially in 
terposed in the connection between said second wind 
ing and one of said input terminals, and switch control 
means interconnected between said input terminals 
and connected to said switching means for actuating 
said switching means to effect controlled reversal of 
said rotor, wherein said switch control means includes 
a relaxation oscillator circuit connected to said 
switching means. 

3. A motor reversing circuit according to claim 1, 
wherein said switching means includes a semi-conduc 
tor switch connected in circuit, with said second wind— 
ing and having a gate electrode connected to said 
switch control means. 

4. A motor reversing circuit, comprising: input ter 
minals for receiving an alternating voltage wave having 
cyclic zero crossover points; ?rst and second stator 
windings inductively coupled to said rotor and wound 
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in opposite polarity sense to each other and respective 
ly connected across said input terminals; and reversing 
means including switching means serially interposed in 
the connection between said second winding and one 
of said input tenninals, and switch control means inter 
connected between said input terminals and connected 
to said switching means for actuating said switching 
means to effect controlled reversal of said rotor, 
wherein said switching means includes a semi-conduc 
tor switch connected in circuit with said second wind 
ing and having a gate electrode connected to said 
switch control means, wherein said switch control 
means includes a unijunction transistor having any 
emitter and a pair of bases, ?rst circuit means including 
a diode and a ?rst capacitor connected in series across 
said input terminals so as to develop a bias potential for 
said transistor, second circuit means including an RC 
circuit connected across said ?rst capacitor to develop 
the ?ring potential of said transistor in response to the 
direct current potential derived across said ?rst capaci 
tor, and a resistance connected in circuit with one of 
said bases and connected to said switching means for 
developing a switch operating pulse upon conduction 
of said transistor._ 

5. A motor reversing circuit according to claim 4, 
comprising means connected to said RC circuit and 
operable to inhibit the development of the ?ring poten 
tial for providing unidirectional rotation of said rotor. 

6. A motor circuit for a laundry appliance having a 
movable part comprising: alternating voltage input ter 
minals for receiving an alternating voltage wave of 
positive and negative polarity; a ?rst winding con 
nected across said input terminals; a second winding; a 
rotor inductively coupled to said ?rst and second 
windings and connected to the movable part of said 
laundry appliance; switch means having a control ter 
minal, said switch means and said second winding con 
nected in series across said input terminals with said 
second winding in an opposite polarity sense relative 
said ?rst winding; and circuit means connected to said 
input terminals and to said control terminal to cycli 
cally close said switch means during predetermined 
time-spaced half cycles of the alternating voltage wave 
to effect cyclic reversals of direction of rotation of said 
rotor and said movable part of said laundry appliance. 

7. A motor circuit for a laundry appliance according 
to claim 6, further including means for inhibiting the 
cyclic operation of said switch means to e?‘ect 
unidirectional rotation of said rotor and said movable 
part. 

8. A motor reversing circuit according to claim 6, 
wherein said circuit means includes a unijunction 
transistor having an emitter and a pair of bases, ?rst cir 
cuit means including a diode and a ?rst capacitor con 
nected in series across said input terminals to provide a 
bias potential for said transistor, second circuit means 
including an RC circuit connected across said ?rst 
capacitor to develop the ?ring potential for said 
transistor in response to the direct current potential 
derived across said ?rst capacitor, and a resistance con 
nected in circuit with one of said bases and connected 
to said switching means for developing a switch operat 
ing pulse upon conduction of said transistor. 

9. A laundry appliance comprising: means de?ning a 
laundry treatment zone for receiving laundry including 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
a rotatable member; a motor including a rotor con 
nected to said rotatable member, and a pair of ?eld 
windings inductively coupled to said rotor; a pair of 
input terminals for receiving an alternating voltage 
wave, said input terminals connected to one of said 
windings and connectable to the other of said windings 
in an opposite polarity sense relative said one winding; 
and reversing means connected to said input terminals 
and to said other winding for periodically connecting 
said other winding to said input terminals for at least 
one half cycle of the alternating wave to provide a 
reversing torque to periodically reverse the direction of 
rotation of said rotor and rotatable member for agitat 
ing the laundry in said treatment zone. 

10. A laundry appliance according to claim 9,v 
wherein said reversing means includes a control ter 
minal, and said appliance includes a timer circuit con 
nected between said input terminals and said control 
terminal for controlling the initiation and duration of 
operation of said reversing means. I 

11. A motor reversing circuit comprising: alternating 
voltage input terminals for receiving an alternating 
voltage wave of positive and negative polarity; a motor 
including a ?rst stator winding connected tosaid input 
terminals for constant energization, a second stator 
winding disposed in opposite polarity sense to said ?rst 
stator winding for connection across said input ter 
minals, and a rotor inductively coupled to said ?rst and 
second windings; and reversing means for reversing the 
direction of rotation of said rotor, said reversing means 
including switch means connected in circuit with said 
input terminals and said second winding and having a 
control terminal, and switch control means connected 
to said input terminals and synchronized with the zero 
crossings of the alternating wave and operable to cycli 
cally operate said switch means at a frequency less than 
that of the alternating wave to cyclically reverse the 
direction of rotation of said rotor. 

12. A motor reversing circuit according to claim 11, 
wherein said switch control means includes a relaxation . 
oscillator circuit connected to said switch means. 

13. A motor reversing circuit according to claim 11, 
wherein said switching means includes a semi-conduc 
tor switch connected in circuit with said second 
windings and having a gate electrode connected to said 
switch control means. 

14. A motor reversing circuit according to claim 11, 
wherein said switch control means includes a unijunc 
tion transistor having an emitter and a pair of bases, 
?rst circuit means including a diode and a ?rst capaci 
tor connected in series across said input terminals to 
apply a bias potential to said transistor, second circuit 
means including an RC circuit connected across said 
?rst capacitor to develop the ?ring potential for said 
transistor in response to the direct current potential 
derived across said ?rst capacitor, and a resistance con 
nected in circuit with one of said bases and connected 
to said switching means for developing a switch operat 
ing pulse upon conduction of said transistor. 

15. A motor reversing circuit according to claim 11, 
wherein said switch control means includes means 
operable to close said switch means for substantially 
one-half cycle of the alternating wave. 

16. A method of cyclically reversing the direction of 
rotation of the rotor of a single phase induction motor 
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having ?rst and second oppositely wound ?eld 
windings, comprising the steps of: continuously apply 
ing an alternating voltage wave of positive and negative 
polarity across said ?rst ?eld winding; and periodically 
applying one-half cycle of the alternating voltage wave 
to said second ?eld winding simultaneously with the ap 
plication of the same half cycle voltage to said ?rst 
winding. 

17. The method of cyclically reversing the direction 
of rotation of a single phase induction motor having 
?rst and second oppositely wound ?eld windings, com 
prising the steps of: continuously applying an alternat 
ing voltage of positive and negative polarity across the 
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10 
?rst ?eld winding; generating a periodic series of motor 
reversal signals; and periodically applying at least one 
half cycle of the alternating voltage wave to the second 
winding simultaneously with the application of the 
same to the ?rst winding in response to each of said 
motor reversal signals. 

18. The method according to claim 17, wherein the 
step of generating is further defined as including the - 
step of synchronizing the generation of motor reversal 
signals with zero voltage points of the alternating volt 
age. 


