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ELECTRONIC MOTOR CONTROLS, 
LAUNDRY MACHINES INCLUDING SUCH 

CONTROLS AND/OR METHODS OF 
OPERATING SUCH CONTROLS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

CROSS -REFEREN CE T 0 RELATED 
APPLICATIONS 

This application is a continuation of Ser. No. 07/526,711, 
?led May 17, 1990, now abandoned; which is a reissue 
application of Ser. No. 06/908,176, ?led Sep. 16, 1986, now 
US. Pat. No. 4,857,814. 

This invention relates to electronic controls for electric 
motors, laundry machines including such controls and/or 
methods of operating said controls. 

It is an object of the present invention to provide an 
electronic motor control for controlling electric motors 
and/or a laundry machine including such controls and/or a 
method of operating a laundry machine using such controls 
which will at least provide the public with a useful choice. 

Accordingly in one aspect the invention may broadly be 
said to consist [in] of a method of cyclically reversing an 
electronically commutated motor having a plurality of wind 
ings on a stator and a rotor having magnetic poles rotatable 
relative to said stator and using electronic control apparatus 
and means to indicate the position of the rotor, said method 
comprising the steps of 

(a) Initiating and then continuing a correct sequence of 
commutations for a desired time or desired number of 

commutations, 
(b) Removing all power from the windings and allowing 

the rotor to coast towards Zero rotation, 

(c) Testing the position of the rotor relative to the stator, 
and 

(d) When the rotor is in condition to be reversed and its 
position relative to the stator is known, changing the 
sequence of commutations to cause the rotor to change 
direction [the] to correct commutations following automati 
cally to maintain rotor rotation in the changed direction, and 
repeating the steps to give cyclical reversal for a desired 
time. 

In a further aspect the invention consists in control 
apparatus for an electronically commutated motor having a 
plurality of windings on a stator adapted to be selectively 
commutated and a rotor having magnetic poles rotatable 
relative to said stator said control apparatus comprising: 

(a) Timing means to time the period of rotation or 
counting means to count the number of rotations of the rotor 
in a desired direction, 

(b) Commutation switching means to disconnect power 
from said windings to allow the rotor to run down towards 
Zero rotation, 

(c) Detecting means to indicate rotor position relative to 
said stator, and 

(d) Pattern reverse means operable in response to a signal 
from said detecting means when the rotor is in condition to 
be reversed to cause the control signals to cause commuta 
tion changes which cause said rotor to change direction 
without testing for rotor direction. 

In a still further aspect the invention consists [in] of a 
method of cyclically controlling the supply of power to an 
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2 
electric motor having a rotor said method including the steps 
of starting rotation of said rotor in one direction setting an 
initial “power on” time during which power is applied to 
said motor, switching off power at the end of said initial 
“power on” time, causing the rotor to slow until in a 
condition to be reversed, checking the ramp down time the 
rotor takes to slow to a condition ready for reversal, causing 
reversal of direction of rotation of said rotor, as soon as the 
rotor is in condition to be reversed, and repeating the said 
steps as desired. 

In a still further aspect the invention consists in a method 
of cyclically controlling the supply of power to an electric 
motor having a rotor said method including the steps of 
setting a desired time of rotation of said rotor in one 
direction starting rotation of said rotor in said one direction 
setting an initial “power on” time during which power is 
applied to said motor, switching off power at the end of said 
initial “power on” time, causing the rotor to slow until in a 
condition to be reversed, checking the ramp down time to 
rotor takes to slow to a condition ready for reversal, causing 
reversal of direction of rotation of said rotor, applying power 
to said rotor for a further “power on” time which is such that 
said further “power on” time plus said ramp down time 
equals said desired time, switching off power to said rotor at 
the end of said further “power on” time, again checking the 
next ramp down time reversing direction of the rotor to said 
one direction when said rotor is in condition for reversal and 
applying power to said rotor for a still further “power on” 
time which is such that said still further “power on” time 
plus said next down ramp time equals said desired time and 
repeating the cycles for a desired length of time, adjusting 
the “power on” time at desired intervals of time so that the 
adjusted “power on” time for a further half cycle plus the 
down ramp time for a previous half cycle equals said desired 
time. 

In a still further aspect the invention consists in a method 
of electronically cyclically controlling the supply of power 
to an electric motor said method including the steps of 
setting a desired speed of rotation of the rotor of the motor, 
sensing the resistance to rotation of the motor and using 
responses from the sensing means to actuate adjustment 
means to adjust the power supplied to the motor to change 
the motor speed towards said desired speed and then operate 
the motor within a range of speeds at or close to said desired 
speed of rotation, switching off the supply of power to the 
motor, stopping its rotation and then repeating the cycle of 
operations with the motor running in the reverse direction. 

In a still further aspect the invention consists in an 
electrical control means for cyclically controlling the supply 
of electrical power to an electric motor having a rotor said 
control means comprising switching means to switch power 
to said motor on and off, coasting timing means to time the 
length of time said rotor takes from the time power is 
switched off thereto to the time when said rotor is in 
condition for reversal of direction of rotation, and reversing 
means to reverse the direction of said rotor when said rotor 
is in condition for reversing and to switch on said switching 
means when reversing is to be effected. 

In a still further aspect the invention consists in an 
electronic control means for cyclically controlling the sup 
ply of electrical power to an electric motor said electronic 
control means including setting means operable to set a 
desired speed of rotation of the rotor of said motor, sensing 
means to sense resistance to rotation of the motor and 
adjustment means responsive to said sensing means to adjust 
the power supplied to the motor to accelerate said motor 
towards the desired speed and to then operate the motor 
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Within a range of speeds at or close to said desired speed of 
rotation, switching means to sWitch off the supply of said 
motor after a desired time and reversing means operable 
after the motor has substantially stopped to cause the cycle 
of operating to be repeated With the motor running in the 
reverse direction. 

In a still further aspect the invention consists in an 
electrical control means for cyclically controlling the supply 
of electrical poWer to an electric motor having a rotor said 
control means comprising sWitching means to sWitch poWer 
to said motor on and off, poWer timing means to time the 
length of poWer time When poWer is sWitched on, coasting 
timing means to time the length of time said rotor takes from 
the time poWer is sWitched off thereto to the time When said 
rotor is in condition for reversal of direction of rotation, 
stroke timing means to time the stroke time during Which 
said rotor rotates betWeen reversals setting means to set said 
stroke timing means to a desired stroke time, algebraic 
subtracting means to [algebracially] algebraically subtract a 
previous coast time from said stroke time to arrive at a time 
setting for said poWer time and reversing means to reverse 
the direction of said rotor When said rotor is in condition for 
reversing and to sWitch on said sWitching means When 
reversing is to be effected. 

In a still further aspect the invention consists in a method 
of operating a laundry machine having a container for a 
Wash load of soiled fabrics in Wash Water and a reciprocable 
agitator in said container and an electric motor driving said 
agitator, said method comprising the steps of starting rota 
tion of said motor in one direction setting an initial “poWer 
on” time during Which poWer is applied to said motor, 
sWitching off poWer at the end of said initial “poWer on” 
time, alloWing the motor to sloW doWn until in a condition 
to be reversed, checking the time betWeen the poWer off 
condition and a condition When the rotor is in condition to 
be reversed causing reversal of direction of the rotor as soon 
as the motor is in condition for reversal and repeating the 
said steps as desired. 

In a still further aspect the invention consists in a method 
of operating a laundry machine having a container for a 
Wash load of soiled fabrics in Water and a reciprocable 
agitator in said container, an electric motor driving said 
agitator, setting means to set a desired rate and amplitude of 
time and/or angle of oscillating rotation of said agitator and 
an electronic control means controlling the supply of elec 
trical poWer to said electric motor in one of a plurality of 
sequences, said method including the steps of setting a 
selected one of said plurality of sequences so that said 
agitator is driven in oscillating rotation during a Wash phase 
in a sequence of Washing operations, sensing the resistance 
to oscillation of said agitator due to the Wash load in said 
container and adjusting the poWer supplied to said electric 
motor so that a selected rate of removal of soil from said 
soiled fabrics is substantially achieved. 

In a still further aspect the invention consists in a laundry 
machine including a container for a Wash load of soiled 
fabrics in Water, a reciprocatable agitator in said container, 
an electric motor driving said agitator, setting means to set 
a desired rate and amplitude of oscillating rotation of said 
agitator, electronic control means controlling the supply of 
electrical poWer to said electric motor in one of a plurality 
of selected sequences so that said agitator is driven in 
oscillating rotation during a Wash phase, selecting means for 
selecting a desired one of said sequences so that a Washing 
action selected from such as delicate, regular, heavy duty, 
Wool, and permanent press Washing actions is to be effected 
by the machine said electronic control means including 
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4 
sensing means to sense the resistance to oscillating rotation 
of said agitator due to the Wash load in the container and 
adjustment means responsive to said sensing means to adjust 
the poWer applied to said electric motor so that a Washing 
action results such that a selected rate or removal of soil 
from said soiled fabrics is substantially achieved. 

To those skilled in the art to Which the invention relates, 
many changes in construction and Widely differing embodi 
ments and applications of the invention Will suggest them 
selves Without departing from the scope of the invention as 
de?ned in the appended claims. The disclosures and the 
descriptions herein are purely illustrative and are not 
intended to be in any sense limiting. 

Preferred forms of the invention Will noW be described 
With reference to the accompanying draWings in Which, 

FIG. 1 is a block diagram of an electronic control circuit 
to control an electronically commutated motor driving an 
agitator and spin tub of a clothes Washing machine, 

FIGS. 2 and 3 illustrate EMFs in Windings With the rotor 
rotating clockWise in relation to FIG. 2 and counterclock 
Wise in relation to FIG. 3, 

FIG. 4 is a diagram shoWing motor stator Windings, and 
electronic poWer commutation circuitry, 

FIG. 5 is a circuit diagram of a voltage digitiZing circuit 
used in the invention[.], 

FIG. 6 is a How diagram of motor reversing sequences[.], 
FIG. 7 is a How diagram of deriving values of indeX and 

[indeXr] INDEXR, 
FIG. 8 is a How diagram for determining the rotor 

position, 
FIG. 9 is a graph shoWing the motor and hence the agitator 

velocity pro?le during a half cycle of agitator oscillating 
rotation in a Wash mode[.], 

FIG. 9a is as FIG. 9 but illustrating action When the stroke 
time is variable, 

FIG. 10 is a graph shoWing a series of acceleration 
pro?les, 

FIG. 11 is a graph shoWing resultant curves under oper 
ating conditions betWeen the completion of the acceleration 
mode and the cutoff point of applying poWer to the motor, 

FIGS. 12 to 16 are How diagrams shoWing various phases 
of operation of the control circuit of FIG. 

FIG. 16a is a diagrammatic vieW of a speed sensor for use 
With the invention, and 

FIGS. 17, 18 and 19 are ?gures repeated from a Boyd & 
Muller US. Pat. No. 4,540,921 to provide background to the 
present invention. 

This invention relates in general to a laundry machine 
With a cabinet, a Wash Water container in its cabinet, a spin 
tub in the container, reciprocating agitator in the spin tub, 
and a motor for driving the agitator in the spin tub. Speci? 
cally it relates to sensing means for sensing the load on the 
agitator and adjusting means operating in response to signals 
from the sensing means to adjust the poWer by adjustment of 
the pro?le of velocity to the agitator as indicated by a 
velocity/time graph such that soil removal and Washing 
activity remain substantially constant according to a desired 
setting for different loads. 

Laundry machines are required to Wash a Wide variety of 
fabrics and garments. Different clothes and fabric types 
require different treatment to achieve an appropriate Wash 
action. In general, With vertical agitator Washing machines, 
as agitator velocity is increased, soil removal and Wear and 
tear also increase. An appropriate balance betWeen soil 
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removal and Wear and tear is necessary. It is a major 
objective of laundry machines to Wash each type of fabric 
With an agitator action appropriate to the load type and siZe. 
For example, clothes Which fall into the broad category of 
“delicates,” often synthetic in origin, or fragile items Which 
are susceptible to damage during the Wash but Which are 
typically only slightly soiled, require gentleness of Wash 
action With less emphasis on soil removal, Whereas “regu 
lar” items such as cottons Which are strong When Wet can 
Withstand a more vigorous Wash action. 

Conventional vertical axis laundry machines employ vari 
ous types of transmissions to convert rotary motion provided 
by an electric motor into oscillatory motion at the agitator 
for their Wash mode. Such motors are generally of essen 
tially constant speed types. Therefore to provide Wash 
actions suitable for loads ranging from delicate garments to 
heavily soiled hard Wearing garments requires multiple 
gearing or sWitched speed motors each of Which is costly. 
Further, as Wash load is increased toWards rated capacity for 
a constant amount of Water, mean soil removal typically 
decreases and mean gentleness increases. Variance of soil 
removal and gentleness also [increaese] increase indicating 
less uniformity of Wash action throughout the Wash load. 
Therefore it is dif?cult to maintain good Wash performance 
With laundry machines of this type under varying load 
conditions. 

The use of agitator drive systems such as disclosed in the 
John Henry Boyd Australian Patent Speci?cation AU-A-85 
183/82 AND THE FISHER & PAYKEL United Kingdom 
Patent UKN2095705 Wherein the agitator may be directly 
driven by an electronically controlled motor either With or 
Without a simple speed reduction unit and oscillatory rota 
tion is enabled by periodic reversal of rotation of the motor 
which provides opportunity for varying the speed and rate of 
reversal of the agitator to obtain the appropriate balance 
betWeen soil removal and Wear and tear for each category of 
load. HoWever the problem of variation of soil removal and 
also Wear and tear With load siZe still remains. 

In a ?rst aspect of the invention the folloWing describes 
apparatus to carry out an oscillatory rotation of the agitator 
during a Washing phase of the cycle of operations of the 
Washing machine and then on command to spin the spin tub 
in a spin phase of the Washing cycle, and is principally 
concerned With the agitation cycle. 

In a further aspect of the invention, later in this speci? 
cation a detailed description is given of preferred forms of 
sensing means to sense the Wash load in the laundry 
machine, correcting means to correct for velocity variations, 
adjusting means to adjust the poWer applied to the agitator 
by modi?cation of the pro?le of velocity as indicated by a 
velocity/time graph, and setting means to alter the stroke 
angle of the agitator such that soil removal and Wear and tear 
such that Wash performance [remain] remains substantially 
constant for a particular setting With variation of load siZe. 

The preferred form of the invention is an improvement on 
the disclosure in the Boyd and Muller US. Pat. No. 4,540, 
921, the speci?cation and draWings of Which are incorpo 
rated by reference herein. 

For assistance in the full understanding of the present 
invention, excerpts from the Boyd and Muller US. Pat. No. 
4,540,921 are inserted herein but no claim is made to the 
subject matter [desribed] described and claimed in that 
Speci?cation. 

Referring to FIG. 1 of the draWings, an electroni 
cally commutated motor (ECM) 2 is described in detail in 
the Boyd/Muller US. Pat. No. 4,540,921. 
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6 
The ECM 2 constitutes a stationary assembly having a 

plurality of Winding stages adapted to be selectively 
commutated, and rotatable means associated With that sta 
tionary assembly in selective magnetic coupling relation 
With the Winding stages. The Winding stages are commutated 
Without brushes by sensing the rotational position of the 
rotor as it rotates Within the stationary assembly. DC voltage 
is selectively applied by commutation circuit 17 to the 
Winding stages in preselected orders of sequences leaving at 
least one of the Winding stages unpoWered at any one time 
While the other Winding stages are poWered in response to a 
pattern of control signal from voltage digitiZing circuit 13. 

The control apparatus comprises a general purpose micro 
computer 10 eg an intel 8049 Which receives commands for 
example from a console 11 having a series of push buttons 
or other user operable controls 9 and the microcomputer 10 
stores patterns of signals Which feed through a pulse Width 
modulation control means 18 and a commutation control 
signal generator 8 (Which are described in more detail later) 
to a three phase poWer bridge commutation circuit 17. The 
necessary poWer supplies are fed by a DC [Power] power 
supply 12. In addition, signals are fed from a Winding of the 
ECM which is unpoWered When other Windings in the stator 
of the ECM are under poWer. This Will be explained further 
later. Signals from the motor Windings are fed to a voltage 
digitiZing circuit 13, as described in the Boyd Muller Speci 
?cation and beloW in relation to FIG. 4 of this speci?cation, 
and are thence supplied to the microcomputer 10. PoWer 
sWitching circuits also feed through a current sensing circuit 
5 to the microcomputer 10. Aloop position error indicator 15 
and a speed demand rate velocity timer [15] 16 are provided 
and a commutation rate sensing device 14 but any other rotor 
speed and position varying device may be used as Will be 
explained further later. A pulse Width modulation control 
circuit 18 is provided. 

In broad terms a clothes Washing machine according to 
the present invention When operated to cause Washing, 
functions as folloWs. 

The operator selects a desired set of Washing requirements 
by operating push buttons controlling its console microcom 
puter. As a result the console microcomputer sends a series 
of data values to the motor control microcomputer 10 and 
these are placed into registers (memory locations) of the 
same [time] name, in the motor control microcomputer 10. 
Data transmitted from the console is broken up into 3 
groups: 

Group 1 contains the command Words: 
OOH-BRAKE 
01H-WASH 
02H-SPIN 
03H-TEST 
04H-MODIFY 
05H-STATUS 
06H-STOP 
07H-PUMP 
Group 2 contains error codes: 
OSH-PARAMETER range error detected 

09H-PARITY error detected 

OAH-COMMAND error detected 
Group 3 contains parameter data: 
0BH to 7FH 

The motor control microcomputer program knoWs Which 
group to expect during each communication, therefore if the 
program has got out of step With the console in any Way this 
Will be picked up as a range error. 



US RE37,360 E 
7 

However due to this data structure some data in group 3 
may be outside their Working range so Within the listing 
some parameters are offset after they have been received so 
that they fall Within the correct value to be used Within the 
program. 

To maintain function overvieWs, at the beginning of the 
Wash cycle the console microcomputer 19 controls the ?lling 
of the boWl. While the boWl is ?lling, a spin command is sent 
to the motor control microcomputer. The spin speed is very 
loW, approximately 70 [rpm] RPM, and its main purpose is 
to mix the soap poWder While the boWl is being ?lled. Once 
the boWl is ?lled the console then sends a WASH command 
to the motor controller (microcomputer) 10 to start the 
agitate cycle. This agitate cycle starts from rest, ramps up to 
speed, maintains this speed for a predetermined time and 
then coasts to a stop all Within one forWard or reverse cycle 
of the agitator. Once the agitator has stopped the process is 
repeated in the opposite direction thus producing an agitat 
ing motion. The console microcomputer 19 determines all 
these parameters Which determine What sort of Wash is 
required eg. [gently] gentle cycle, and is loaded into the 
motor controller 10 before the start of the cycle. 

The motor controller 10 continually modi?es these Wash 
parameters to account for the load in order to maintain the 
most effective dirt removal to gentleness ratio. Because of 
the agitating motion the load is shuffled around the boWl and 
this affects hoW fast the agitator ramps to speed and hoW 
long it takes to come to a stop at the end of the stroke. 
Therefore to maintain constant Wash effectiveness these 
parameters are monitored and modi?ed each stroke cycle to 
maintain the ideal conditions requested by the console 
microcomputer. 

The motor controller 10 Will continue this action until it 
receives another command from the console microcomputer 
19. In a little more detail, the Wash mode runs as folloWs. 
On receiving a “WASH” command a jump is made to the 

WASH routine. LoW speed Windings of the motor are set and 
a brake is set off. The routine then Waits for the [Console] 
console microcomputer to send the Wash cycle parameters, 
1e: 

(1) TSTROKE The time for rotation of the agitator in one 
direction. 

(2) WRAMP The time it takes to reach speed from rest. 
(3) ENDSPD The velocity Which the agitator must reach 

after the Wash ramp time is up. 
When these have been placed in the appropriate registers 

they are then checked for errors. Checks for other errors are 
also made including a check to make sure the motor is 
stationary. 
A routine noW sets LORATE=ENDSPD=ACCSPD. 

LORATE is the motor speed, ACCSPD is the speed that the 
motor must reach to obtain the correct Wash ramp rate. 
ACCSPD may become greater than ENDSPD to achieve the 
correct acceleration ramp. 
As is explained in more detail later, the speed rate timer 

RATETMR used in the timer interrupt routine for the speed 
reference count is loaded With the count set in LORATE 
previously. 

The position error counter 15 is cleared and current trip 
and pattern error circuits are reset. In the Wash mode the 
program bypasses the spin cycle routine. 

At this point the plateau time, TFLAT, is calculated from 
the original information sent by the [Console] console 
microcomputer. To do this it sets the coast time at 180 mS. 
This is a time chosen Which guarantees that the motor Will 
have coasted to a stop With very little load. Thus the plateau 
time is calculated: 

5 

15 

25 

35 

45 

55 

65 

8 
TFLAT=TSTROKE—WRAMP—15(180 mS time count) 
using a long timer a count of 15 gives: 
127x96 uS><><15=180 mS (approx). 
The routines up to this point have only been setting the 

Wash parameters for the ?rst stroke. The folloWing values as 
referred to above, are set in the random access memory in 
the motor control microcomputer 10: 
TSTROKE total stroke time, ie. from rest to peak speed 

and to rest again. 
WRAMP time to full speed 
ENDSPD full speed count 

LORATE (set at ENDSPD) speed rate 
ACCSPD (set at ENDSPD) acceleration rate 
ALGFLG (set FALSE) end of ramp ?ag 
ENDFLG (set FALSE) plateau time ?ag 
SLECTR position error counter 

RATETMR (set at LORATE) sets speed reference to 
speed loop error counter 

TFLAT calculated from above parameters; time at maxi 
mum speed 

At this point the Wash cycle can begin. 
To actually set the motor into motion We must ?rst set bit 

pattern pointers INDEXR and INDEX. For the Wash cycle 
the direction of motion has arbitrarily been set at CCW 
(counter clockWise) for the ?rst stroke, thus: 

INDEXR=12D 

INDEX=OO 

and the direction register DIRECT=01H for CCW. The Wash 
ramp time WRAMP is loaded into a long timer for the 
beginning of the Wash ramp cycle. Commutation noW takes 
place, and the motor is started up. 

After passing through the required time for or number of 
commutation routines the program ends. At the end of the 
agitate cycle the console microcomputer 19 Will send a 
command to the motor controller microcomputer 10 to stop 
the agitate cycle and turn on the pump to drain the Wash 
boWl before going into the spin mode. 
As Will be explained in more detail later, to enable motor 

reversal to be effected the invention [requires to determine] 
determines the position of the rotor during coasting of the 
rotor after poWer to the stator has been cut off. It Will be clear 
hoWever that this aspect of the invention cannot be put into 
use until the rotor itself has been operating under an elec 
tronically commutated sequence. Accordingly When the 
rotor has been stopped eg. at the very start of a Washing 
cycle it is necessary to start the motor When the position of 
the rotor is not knoWn. Accordingly the technique described 
in the Boyd and Muller Speci?cation in particular at page 55 
is preferably used. In this technique the digitiZed voltages 
received from the voltage digitiZing circuit are tested and as 
soon as complementary bits or logic levels in the proper test 
bit order have been sensed operations proceed to advance in 
sequence to commutate the Winding stages. If complemen 
tary bits are not sensed in the predetermined proper test bit 
order in a predetermined time period, operations take place 
to advance commutations in the sequence rapidly and force 
commutate the motor, thus causing the rotor to oscillate 
brie?y. Thus if for example clockWise rotation is required 
and the sensing indicates that the rotor is starting to run in 
the counterclockWise direction, the rotor runs for a short 
distance in this direction (one or a feW commutations 
occurring) until the force commutating is effected to cause 
it to run in the correct direction. 
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Thus referring to FIG. 4 there is provided a three phase 
motor 20 With a common point 21 and a switching bridge in 
Which three sWitching devices 22, 23 and 24 connect the 
loWer supply positive rail 25 to the ends of the Windings 26, 
27 and 28 and three further sWitches 31, 32, and 33 connect 
the ends of the Windings to the poWer supply negative rail 
35. The upper sWitches 22, 23 and 24 may be referred to as 
the A+, B+ and C+ sWitches and the loWer sWitches 31, 32 
and 33 may be referred to as the A—, B— and C— sWitches. 
When the motor is stationary there is no information as to 

the position of the rotor so it is not knoWn as to Which pair 
of sWitches to turn on to get the rotor to rotate in the correct 
direction so a selected upper and loWer sWitch are turned on. 
Statistically there is a 50% chance the rotor Will rotate in the 
correct direction and a 50% change that it Will rotate in the 
incorrect direction. An algorithm is provided in the micro 
processor 10 that once poWer has been applied senses 
Whether the motor is going in the correct or the Wrong 
direction and in the event that the rotor is rotating in the 
Wrong direction the algorithm advances commutation sig 
nals quickly through the sequence of commutations until the 
correct sequence is adopted and the rotor synchroniZes With 
the commutated supply and is noW running in the right 
direction. It may take three or four sWitchings or more to 
synchronize the rotor and so With the starting algorithm 50% 
of the time it Will start correctly and Will just run into 
synchronism and 50% of the time it Will start in the Wrong 
direction and then stop and recover and then come back in 
the right direction. Thus With this arrangement every time 
the direction of the motor is reversed then if the present 
invention as Will be described further later is not used then 
the motor is alloWed sufficient time to coast to Zero and then 
is started up using this starting algorithm. This start up 
algorithm is described in Boyd & Muller 4,540,921 more 
fully at col 8 line 23 et seq and col 23 line 57 at seq and col 
24 line 43 to col 26 line 44. There must be some random 
initial rotation ie. some oscillation of the rotor and there 
must be time to start correct direction of rotation. 
Arandom start means that the rotor Will start in the Wrong 

direction in 50% of all starts. Start up algorithm restores the 
correct direction of rotation in a time dependent on the initial 
rotor position, the pair of sWitches ?rst energiZed and the 
motor load. 

With a three phase 8 pole ECM as described by Boyd and 
Muller there are 24 commutations per rotor revolution. With 
an 8 to 1 coupling ratio betWeen motor and agitator (eg by 
belt and pullery arrangement) and typical stroke angles of 
145° to 2500 of arc and acceleration times of 120 to 200 
milliseconds respectively the motor is required to accelerate 
to speed in the range of 7 to 30 commutations. At startup the 
motor may require 1 to 2 communication angles to restore 
correct rotation, a signi?cant proportion of the acceleration 
period. The resultant effect is a delay in reversal folloWed by 
rapid acceleration to speed often With some overshoot. 

Gentleness of Wash action in the Washing machine is 
related to the acceleration of the agitator. Hence erratic 
reversal decreases gentleness. Further, delays in reversals 
also can reduce the rate of soil removal. The overall effect 
is reduction in desired Wash performance. 

Thus according to the present invention a more positive 
acceleration and consequently a more positive rate of soil 
removement and rate of Wash action is achieved by moni 
toring the speed and position of the rotor While the rotor is 
coasting. When the position of the rotor is monitored doWn 
to a position in Which it is in condition for reversal, poWer 
is sWitched to the motor such that torque is generated to 
cause the rotor to reverse direction preferably Within a single 
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10 
communication angle and alloW the motor to run in the 
opposite direction Without reverting to the start up algo 
rithm. 

Accordingly the rotor may be accelerated up to speed and 
maintained at speed using the poWer sWitching sequence as 
described in Boyd & Muller 4,540,921 referring to tables 1 
and 2 therein and in particular at col 6, lines 24 to 39 Where 
the folloWing passage appears: 

“The Winding stages of motor M as explained for instance 
in the aforementioned Alley US. Pat. No. 4,250,544 
are commutated Without brushes by sensing the rota 
tional position of the rotatable assembly or rotor 15 as 
it rotates Within the bore of stator 13 and utiliZing 
electrical signals generated as a function of the rota 
tional position of the rotor to sequentially apply a DC 
voltage to each of the Winding stages in different 
preselected orders to sequences that determine the 
direction of the rotation of the rotor. Position sensing 
may be accomplished by a position detecting circuit 
responsive to the back EMF of the ECM to provide a 
[simultated] simulated signal indicative of the rota 
tional position of the ECM rotor to control the timed 
sequential application of voltage to the Winding stages 
of the motor.” 

The present invention is concerned With the monitoring of 
speed and position of the rotor While coasting and using this 
information to reverse the motor preferably in a single 
commutation. 

If the rotor to the motor is rotated and voltage measure 
ments taken at the ends of the phases With respect to the star 
point 21 ie. the centre of the three phase Windings, EMFs 
Will be generated and in FIGS. 2 and 3 such EMFs have been 
plotted. The [Figures] ?gures illustrate a single electrical 
revolution of the rotor in degrees and essentially shoW the 
Wave forms of a three phase generator With the exception 
that the Wave forms instead of being sinusoidal are trap 
eZoidal. The three phases have been indicated by the letters 
A (pecked line), B (full line) and C (slashed line). For 
eXample in B phase it Will be seen that in FIG. 2 the EMF 
goes from a maXimum negative at Zero degrees through Zero 
voltage to a maXimum positive, stays at a maXimum positive 
for 120° then goes from maXimum through Zero voltage to 
maXimum negative stays at maXimum negative for 120° and 
then starts to rise again from Zero degrees. It Will be seen that 
in FIG. 2 the sequence (Which represents rotation in a 
clockWise direction) has a different sequence of EMF gen 
erations as compared With FIG. 3 Which represents a coun 
terclockWise direction of rotation. Referring noW to FIG. 4, 
applying voltages to the Windings and assuming that Wind 
ing 26 is A, Winding 27 is C and Winding 28 is B and that 
if We Wish to have poWer on the motor at Zero degrees such 
that We have a maXimum EMF across the motor and thus 

maXimum torque in clockWise direction, sWitches 22 (A+) 
and 33 (C—) Would be sWitched on, connecting poWer from 
the positive rail 25 through sWitch 22 to the A phase 
Windings 20 through the neutral point 21 and the C phase 
Windings 27 through sWitch 33 to negative rail 35. Thus 
referring again to FIG. 2 With the notation therein indicated 
to obtain maXimum torque in the motor the connections 
Would be A+ and C— to the 60° angle and then B+ and C 
at the 120° angle to B+ and A— to 180° angle then C+ and 
A— to the 240° angle, C+, and B— to the 300° angle. A+ to 
B— to the 360° angle, the sequence commencing at A+ and 
C— again. Thus there is a sequence of siX different patterns 
and each goes to 60° of angle of rotation giving 360° in 
rotation. Referring to the tables herein. Table I [summarises] 
summarizes the sequence of control signals required for each 






































