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•Im~rovements in or Relating to Launst;y Machines 
and/or .Methods of Controlling the Same" 

This invention relates to laundry ~achines and/or 
methods of controlling the same. 

It is an object of the present invention to provide a 

laundl:y machine and/or methods of controllinq the same 
which will at least pro~ide the public with a useful 

choice. 
Accordinqly in one aspect the inv~ntion consists in a 

method of providing a desired level of "washinq liquid in a 

laundrf machine havinq a cabinet, a washinq container 

within said cabinet, a rotatable assembly comprising a spin 

tub within said container and an agitator within said spin 

tub, and a motor driving said agitator conjointly with said 
spin tub or separately on disconnection of said spin tub· 

·from said agitator as required, and washing liquid 19vel 
control means eo ccn~rol washing liquid levgl in said 
washing container, said method comprisinq thoe S1:ep! .of~ 

placinq a load of clothes in said spin tub, ~~ergisinq said 

motor intermittently to cause changes in the rotaticnal 

s9eed of said rotatable assembly, us~nq sensing means to . 
sense the changes in speed of said rdtatable assembly 

r~lative to energy input to said motor to indicate the 

mass of clothes load in said spin tub passing sign~ls from 

said sensing means to said liquid level control means so 

that sa·id control means control the supply of washing 

.. 
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liquid to said container to control the level of the . 

washing liquid to a desired level which level is det~rmined 
by said control.means and is dependent on said mass of 
ciothes load sensed by said sensing means. 

In a further aspect the invention consists in control 
means for a laundry machine having a cabinet, a washinq 

container within said cabinet, a rotatable ass.embly 
comprisiriq a spin tub within" said container and an agitator 

within said spin tub, and a motor driving said agitator . 
conjointly with eaid spin tub or separately on 
disconnection of said spin tub from said agitator as 
requi~ed, and washing liquid admission means, said control 
means comprising sensinq means to sense the changes in 

speed of said rotatable assembly including the mass of 

clothes load in said assembly relative to energy input to 

said motor, and washinq liquid level control means arranged 

to control washing liquid level in said washing container 
in response to signals passed by said sensinq means to said 

control means, the construction and arrangement being such 

that said washing liquid level control means causes the 
flow of washing liquid into said container to cease on said .. ,_,,, · 

washing liquid reaching a desired level which is dependent 
en the mass of clothes load sensed by said sensinq means. 

In a further aspect the invention consists in a method· 
of ccntrolling a laundry machine having a cabinet, a 

washing container within said cabinet, a rotatable assembly 

eomprisinq a spin tub within said container and an agitator 

within said spin tub, and a motor driving said agitator and 

spin tub when required, float means being provided to 

connect or disconnect said spin tub from sai&- ·aqi.tator 

accordinq ·to the presence or ~set:ice of a su.fficient ·-. 

quantity of washing liquid in said cQntainer, said method 
comprising the steps of .. inte:cnittent!y energising said 

motor to cause said assembly to rotate at a slow rate with 

changes in speed of rotation, sensing changes of kinetic 

energy in the assembly during changes of speed of rotation 
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thereof after a load of clothes has been placed in sa~d 

spin tub and before or during the supply of water into said 

container in order to ascertain the mass of said load, 

storing info:onation as to the size of said load, sensing 

disconnection by said float means of said agitator from 
said spin tub, storing info~ation on the changes in 

kinetic energy and information storage means, and using the 
stored information to provide routines selected from qivinq 
an indication of a wash profile requested for the sensed . 
load of clothes to be washed and to control the washing . 

routine to give a desired degree of wash tc the clothes; 
and deteJ:mi.ning the level of water required for that load 

of clothes, cutting off the supply of water to said 

container and causing the wash routine to start •. 
In a still furthe~ aspect the invention consists in a 

laundry machine ccmprisinq a cabinet, a washing container 

within said cabinet, a rotatable assembly comprising a spin 

tub within said container and an agitator within said spin 

·tub, and a motor driv~nq said agitator and spin tub when 

required, washinq liquid admission means, float.means beinq 
provided to connect or disconnect said spin tub from said 

agitator and said motor according to the presence or 
absence of a sufficient quantity of washing liquid in said 

container, sensing means to sense changes of kinetic energy 
responsive to chanq~s in the speed of rotation of said 
ro~atable assembly in said assembly durinq changes in speed 

of rotation thereof, information storaqe means adapted to 
store sianals from said sensina means which a:s a measure - . 
of said changes in kinetic energy, washinq liquid level 
control means a~ranqed to control washing liquid level in 

said washing container and/or wash routine control means 

arranqed to control the wash routine.of the laundry machine 
' 

to qive a desired ~iqorousness of wash according to 
settings determined by said signals from said sensing 

means. 
To those skilled in the art t..Q__wnich the invention 
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relates, many changes in construction and widely differing 
embodiments and applications of the invention will suqgest 
themselves without departing from the scope of the 
invention as defined in the appended claiJns. ~he 
disclosures and the descriptions he~ein are purely 
illustrative and are not intended to be in any sense . . 
l.imiting. 

The invention consists ~n the foregoing and also 
envisages constructions of which.the followinq qives 

-examples only. 
One preferred form of the invention will now be 

described with reference to the accompanyinq drawings, in 
Which; 

Figure ·l is a cross sectional elevation of one fa?:lll of 
laundry machine to which the invention is applicable, 

Figure 2 is a flow chart of Qne for.m of control means 
incorporated in the laundry machine of Fiqure 1, 

Figtll:'e 3 is a flow chart of a further fol:Dl of control 
means, 

Fiqure 4 is a flow chart of a further fol:lll of control 
means, 

Fiqure 5 is a flow chart of a part of the control means 
of Figures 2 to 4, and 

Fiqures 6 and 7 are grap~s ~f rotational velocity vs 
time of the rota~able assembly of the laundry machine of 
Fiqur'$! l. 

Referring to the drawings, Figure l illustrates a cross 
section of a pref erred form of laund±:"-.f machine, a full 
description of which appears in published U.S. patent 
specificatien No.4,813,248 and the description of that 
laundry machine in that specification is incorporated· 
herein by reference. 

For the purposes of the present invention the laundr/ 
machine comprises a cabinet 1 within which there is a fixed 
container 2 and within that container is a rotatable spin 
tub 3 and within the spin tub is an agitatcr 4. An 



i• 
' 

8. Fe b. 1 9 9 6 14 : 3 2 FORRESTERS No. 9742 P. 6/31 . \. 
-s-.. . . 

interengaqement mechanism is provided to enable the s~in 

tub 3 and ~he agitator 4 to be raised and lowered when 
washinq liquids hereinafter ref erred to as water enters the 

container 1 and such mechanism includes an air chamber 

shown generally by the re\ference S and is described in the 

said specification •. The agitator 4 is driven by an 

electronically commutated motor 10, driving a shaft 11 

carried in bearinqs 12. Thi~ construction is fully 
described in the above New Zealand patent specification 

which is incorporated herein by reference, including a 

reference to parts of a dog clutch or inter engagement 

mechanism 13. 
A control means 15 is provided preferably associated 

with the stater of the motor iO and such control means 

include startinq means arranqed so that on appropriate 

operation of manually operable controls in a console 16 by 

an operator, starting up of a washing cycle is commenced 
and water is admitted into the container 2 through a valve 

17. Motor controls 19 includinq sensing means to sense 

changes in speed and energy input to said rotatable 
assembly are also provided and the sensing means p~ss 

signals indicating these parameters to the control means. 
The washing machine has washing liquid level detection 

means which comprise the spin tub 3, the disengagement of 

which from the agitator which is caused by its floating and 

the air chambgr in liquid in the container diseniaqinq the 

parts of the dog clutch mechanism 13 and also lifts the 

spin t~b 3 and this is sensed by sensing means. The 

washing machine container 2 also has an auxiliary washing 
liquid level deeection means comprising for ~xample a 
pressure transducer 18 which provides the control means 15 

with a signal indicative of the leve~ of water in the 

container 2. 
It has been found that there are three main methods by 

which the con~rol means may dete:cmine the load in a ~ashing 
machine ·and therefore control the supply of water or 
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washing liquid to the level which provides the most 

effective w~sh performance. 
In each method, the operator places a load e.q. of 

clothes in the spin tub 3 and app~opriately operates the 
manual controls to give a desired wash. 

In one fonn of the invention ~elating to a first 
control method, the control' equipment includes a 
microprocessor pz;oqrannned in"accordance :with a flow chart 
shown in Figure 2, and referrinq ~o that flow chart, the 

operator operates the appropriate controls in t?e console 
16 such that the microprocessor enters the flow chart at 
the start, block 20. ~he microprocessor causes the 
agitator and spin tub to rotate to a suitable speed e.q. 
approximately 100 rpm and the supply of power to the mator 
is controlled by the microprocessor to provide such a 
speed. Thus a certain a.mount of energy is imparted to the 
motor rotor, spin tub, and aqitator which toqether comprise 

the rotatable assembly of the wa~hing machine, and which, 
\ 

with the load of clothes, provide the initial resistence to 
rotation. Thus energy is imparted to the clothes in the 
spin tub. Changes.in the velocity of the rotatable 
as$embly correspond to chanqes in kinetic: energy of the 

rotatable assembly and clothes load. ~herefo4e if 
elect~ical energy is provided to the motor such that a 

.. 

certain velocity (and rotational .kinetic energy) is. 
attained, the time taken for the motor to coast to zero 

. . 
velocity will be a measure of the mass of the rotatable 
assembly and the load of clothes in the spin tub. The 

chanqes or rates of change of kinetic energy of the spin 
tub and contents are a measure of the mass af"=clo~hes 
therein. In Figure 2 the load si%e is dete:cmined at biock 
22 before water is supplied to the wa~hing container. 

Referring now to Fiqu4e 5 which a flow chart a~olicable ..... 
to all three methods. This figure is a flow chart showing 

the steps involved in the preferred form. of load 
determination according to the present invention. 

~~-=-=-~~~~~~ 

.. 
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~he method of Figure S deter.mines -the changes in . 

kinetic ene~gy of ~he rotatable assembly comprising the 
motor, drive shaft, interconnecting means, spin tub, 

aqitator and clothes by supplyinq a minimum amount of 
energy to the motor such that the rotatable assembly 

approxilllates a predetermined.velocity e.g. 40 rpm. ~he 

motor and motor co~trols referred to in the specification 

are of the same form as those described in the 
specification of our New Zealand ~atent application No. 
213499/213490 filed 16 September 1985, (US Patent 
No.4,957,914) which is incorporated herein by reference. 
The predetermined velocity is stored in an infoDnation 

storage means comprising a memory of the microprocessor 
which controls the motor and is compared with the 
instantaneous velocity of the motor, which as described in 
the above specification is constantly calculated by the 

microprocessor as part.of the motor control system 

function. The motor control system thus provides sensing 
rneans which sense the kinetic energy of the rotatable 

assembly and pro~ide signals indicating the mass of the 
rotatable assenlbly and the rotatable contents (clothes 

load) thereof to the microprocessor. To enable the 
rotatable assembly to reach the predete.rmined velocity the 
pwm period is controlled, effectively controllinq the 
current input to the motor as it is bein~ commutated so 

· that the velocity of the rotatable assembly slowly 
increases. Referring to Figure S, the algorithm there 
illustrated be9ins at the ·start block so. ~owe~ is 

supplied to the motor winding stages at block 51, as 
described above. It has been found that s~pp-iying a 

minimal amount of energy .to the rotatable assembly is· •. 

desirable, since larqe amounts of ene.r~y in the rotatable 

assembly mean measurements take a longer time to obtain. 
When power is supplied to the motor windings, the velocity 

of the motor and rotatable assembly is then monitored by 

the motor concroller at block 52. A prede~ermined motor 
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velocity e.g. 40 rpm is stored in the memory of the 

microprocessor and this predetel:ll'lined velocity is compared 
at block 53 with the instantaneous motor velocity measured 
in block 52. When the motor velocity is equal to the 
predetel:mined motor velocity, power is removed from the 

windings and a timer beqins ~t blocks 54 and 55. At this 

stage the motor velocity is still being measured. After 
power is removed from the windinqs the motor speed will 

gradually decrease until it even~ually stops. The point at 

which.the motor velocity reaches zero is dete:cmined at 
block 56 and at this point the timer is $topped at block 57 

and the elapsed time is stored in the memory of the 

microprocessor. This cycle is repeated, the motor beinq 

energised and de energized intermittently. 
Referring now to Figure 6 a graph of velocity vs tiln~ 

is shown, the oriqin representinq the point at which the 

motor velocity is zero, before power is applied to the 

motor windings. The point 58 on the vertical velocity axis 

rep~esents the predetermined velocity and the point 59 on 

the hori~ontal time axis is a measure of the time taken to 

reach the predetermined velocity. When the rotatable 

assembly reaches the predetermined velocity 58 the pwm 
period is adjusted by means of ~he motor control system 

such that the predetel:lllined velocity is maintained. The 
period for which this is maintained is.shown as the time 

between points 59 and 60 in Figure 6. The points 59 and 60 

could be substantially coincidental .. The motor is then 

turned off at time 60 and allowed to c~ast. As soon as 

power is removed from the motor windings a timer is 

activated in the microprocessor and th~ back-~mf induced in 

the motor windinqs o~ the output of hall effect sensors 

mounted on the stacor is monito~ed, s.c that the soegd of 
. . . 

rotation of the motor is known. When the rotatable 

assembly stops rotatinq the timer in the mic:oprocesscr 

r9cords the time taken for the motor to decelerate to 

zero. This time may be for example, tilne.._6_1 or 62 shown in 
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Figure 6 and thi$ time is rep~esentative of the inert~a of 
the rotatable assembly. For example, if there is a large 
mass of clothes in ~he spin tub then the inertia of the 
rotatable assembly will be greater and the time taken for· 
the rotational velocity of the rotatable assembly to reach 
zero will be significantly lqnger than the time taken if 
the spin tub had no clothes therein, for example. Since at 
this point in the wash cycle· the aqitator and spin tub are 
interconnected and the inertia of this apparatus is 
constant, the only factor which will change the ti.me taken 
for the motor speed to ramp down will be the load of 
clothes in the spin tub and therefore the load is known. 

However, due to some spurious variables such as the 
changing position of the clothes within the spin tub, any 
one readinq of the time taken for the speed of the motor to 
reach zero will not necessarily be precisely representative 
of the load of clothes in the spin tub. Therefore it has 
been found that a number of readings e.g. at least. one 
reading in each direction of rotation is desirable in order 
to obtain a true indication of the load of clothes in the 
machine. If the readings in each direction provide times 
which are within acceptable tolerances of each other, then 
these times are compared with time values stored in loo~ up 
tables in the memory of the microprocessor which provide 
the control system ~ith an indication of the load of 
clothes in the machine and therefore the water level which 

will be required for the wash routine fo.t' that load to 
commence. Once the appropriate water l9vel i~ known by the 
control system the wash profile of aqitation str~ke time, 
desired speed of rotation and acceleration is selected in 
accordance with the specification of our New Zealand patent 
application No.213489/213490. . 

Althouqh in this form of the invention load measuring 
may be carried out with the load of clothes dry, the 
accuracy of load measurements may also be inc:eased by 

dampeninq the clothes before taking the measurements. Such 
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dampening is effected by·rotatinq the spin tub slowly.while 

spraying w~ter from the outlet of valve 17 over the clothes 

in the spin tub. 
Once the load size check has been carried out at block 

22 of Figure 2 the microprocessor causes valve 17 to be 
opened by a siqnal from the ~water on• block 23. Slow 
stirring with reversals or with intenuittent supply of 

power is carried on at blocx 24 as has been described 

above. At this point the load c~mprises clothes and 
water. The change in kinetic energy is continuously 

checked as shown by the circuit 25 containi~q the slow stir 

routine at ~4. The declutch and disconnection of the 

agitator 4 from the spin tub 3 is detected by the air 
chamber or float S inten:oqation at 26. The spin tub and 
the agitator are connected together by the mechanism 13 and 

initially a relatively large inertia is present in _the 
associated ~pin tub agitator and load of clothes. The 

inertia of the rotatable assembly and load is mea$~red as a 

change in kinetic enerqy when the power to the motor is cut 

off and the motor is ~llowed to slov to zero speed after 
being maintained at a predetermined velocity as de$Cribed 
above.· The water level in the container increases until 

the f lcat S floats the spin tub upwardly in a manner. such 

as to disconnect the interccnnectinq means betwe~n the 
agitator and the spin tub. When this disconnection occurs 

ther~ is a sudden decrease in the inertia of the rotatable 

assembly which is detected by the sensing means. Rsfgrrinq 
again ta Figure 6, the disconnection is seen by the sensing 

means as a sudden decrease in the time taken for the 

rotatable assembly to decelerate from the predete::mined 

velocity to zero. The time taken for the rotatable 
assembly to decelerate after disconn~etion may for example . . 

be only one tenth that taken prior to disconnection. Thus 
the time betw-een points 60 and 62 in Fiqure G may·r~prgseni: 
the time taken fer the rotatable assembly to decelerate 

when the spin tub and agitator are interconnected and the 

I r"lp 

~-. 
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time between points 61 and 60 may represent the time taken 
for the rotatable assembly to decelerate after declutchinq 

has occurred. Thus it can be seen that there is a clear 
indication provided to the sensinq means that disconnection 

has occurred. 
It should be noted that the time taken for the . . 

rotatable assembly to accelerate to the predetermined speed 

may also be used as an indication of the inertia of the 

rotatable assembly and water and ?lothes therein. The 

change in the ~ime required to accelerate the rotatable 
assembly ts not shown in Fiqure 6 in order to simplify the •· 

diaqram. 
Referr~ng now to Fiqure 7, the time required for the 

rotatable assembly of clothes load to reach the 

predetermined velocity 58 prior to disconnection is the 
time between the oriqin and point 63. If the same torque 
is applied to the motor after disconnection the time taken 

to reach velocity 58 is that between the origin and point 

59. Aqain the disconnection of the spin tub from the 

agitator is sensed, the signal chan9e indicated to the 
control means where, by reference to the look up tables, a 

water level for the load is selected. The ramp down times 

are not shown fo~ siinplicity. 
Thus when declutching occurs a further timer commences 

operation, allowing ehe wate~ supply to remain on for a 
de$ired water on overrun time, which is either a 
pr9dete::cnined period, or is of say 10-20' ot the time to 
fill the container 2 to declutch. The water on overrun 

. . 

time is operated in block 27 and whgn.that t~e has elapsed 
at block 29 the "water off" signal operates a~· 29 causing 
valve 17 to close. The load measured f~om block 22 
indicates the washing profile at bloc~ 30 and washing . 
started at block 31. The washing profile control is 

described in the specification of our New Zealand patent 

acolication No. 213489/213~90 • ... ~ 
Thus in this first me~hod the water level is determined 
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by adding water after declutching for a period of tim~ 
which is either a proportion of the time to fill to 
declutching er a fixed further period of time dependent on 
the sensed load in the machine. 

Referring again to Figure 1, water pressure indicator 
18senses pressure of water in the base of the washing 
container and therefore also provides an indication of the 
water level in the container·2. If the pressure indicator 
18 is present, the routine to tim~ further water supply in 
block 27 is not necessary and a branch may be taken from 
block 26 to block 32 (dashed lines) which checks the water 
level indicator and comparea this at block 33 with the 
desired water level which has been obtained from look up 
tables relating to the load ·size stored in information 

storage means which comprise the memory of the 
microprocessor. If the correct water level has been 
reached the water off block is returned to at 29, the wash 
profile is set by reference to the look up tables and the 

'Nash begins. 
Although the load of clothes in the spin tub may be 

sensed before water is added to the spin tub by the method 
previously described, a second method of determining the 
load of clothes in the spin tub is to start the washing 
machine motor from a st~nd still as previously described 
but in addition, subs~antially simultaneously or earlier 
admitting water to the container, increasing the rotational 
velocity cf the motor up until a predetermined velocity is 

. . 

obtained and then measurinq the tL~e taken for the 
rotational velocity to drop ·to zero, as th~ water is being 
allowed to en-eer the washing container. Wherr ··a certain 
known quantity cf water is present in the container, float 
Swill rise and the spin tub will be·~isconnected from the 
agitator such that the spin tub is stationa.ry. As with the 
fi.rst method since the spin tub comprises. a significant 
proportion of the mass of the rotatable assembly, the 
inertia of the assembly will suddenly decrease and after 

. . ~ 
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the predetermined velocity is reached, tne ~.une ~axen tor 

the rotatable assembly to come to a halt will suddenly 

decrease by a significant time period. The microprocessor 

has ··in its memory a figure representative of a sufficiently 

large time period such that if the measured ti.me pe~iod 

decreases by an amount which·is equal to or qreater than 

the value stored in a memory of the microprocessor, the 

microprocessor will signal that disconnection of the spin 

tub from the agitator has occurr~d. The amount of water 

necessary for disconnection to occur will vary dependinq on 
the load of clothes in the spin tub. The microprocessor 

has stored the time value indicative of the total load of 

the rotatable assembly from the last iteration prior to 

discortnection. Thus the load of clothes and water in the 

machine is known just prior to disconnection. Since the 

time from when water was first introduced to .the container 

to the time at which disconnection occurs is a relative · 

measure of the load of clothes in the spin tub dependinq on 

the rate of water flow into the machine, the microprocessor 

may now refer to a look up table in order to obta~n a value 

of the time required to fill the container to a desired 

water level. The look up table in the microprocessor 

provides a further "water on" time after disconnection 

which is a percentaqe overrun time based on the time taken 

to fill the container to declutch. 

In the routine of Figu~e 3, as stated above, operating 

the controls causes a routine tc start at 20 and the 

microproces:or causes the valve 17 to be op~ned by a siqnal 

from the "wate?:' on" block 21. Bgforg lead measursment 

begins the spin tub may be rotated slowly such that the 

outlet cf valve 17 sprays water on top of the clo-ches· 'in 

the container in order to ensure that the clothes are 

un.ifo:rmly wet. before load measurement beqins. In addition 

slow stirring is commenced by a signal from block 35, such 

slow stir includes accsl~ration and deceleration sequences 
during which there are changes in kinetic energy and the 

. . 
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speed changes and the mass of the lo~~ can ge indicatea by 

sensing means which sense the changes in kinetic energy 

over a predeteI:l\\ining timer or between predetermined 

speeds. As explained abo~e with reference to Figures S and 

6, signals indicating the changes in kinetic energy are 
then passed from block 36. The spin tub and the agitator 
are connected together by the mechanism 13 and initially a 

relatively large inertia is present in the associated spin 
tub agitator and load of clothes: This inertia is measured 

for example as a change in kinetic energy when the powe~ to 

the motor is cut of£ and allowed to slow to zero speed as 
previously described. The water level in the container 

increases, until the float 5 floats the spin tub upwardly 
in a manner such as tc disconnect the interconnectinq means 

between the agitator and spin tub. At this point there is 
a sudden decrease in the inertia of the rotatable assembly 
and this decrease in inertia is detected by the sensing 

means and instead of the microprocessor indicating that the 
slow stir is to continue, causes at 37 a signal ta be 

passed b.y block 36 indicating that disconnection has 

occurred as indicated by the block JS. The momentum or 
kinetic energy signal reached in the final stages before 

declutching is recorded at block 38 and is passed to block 
42. The mass of the clo~hes load in.the spin tub has been 
found by experiment to be directly proportional to the 

' quantity of water required to float the spin tub. The 

water or washing liquid is supplied to the container at a 
fixed rate and therefore the time bgt~een turninq the water 
valve won• and disconnection is also an indication of the 

load of clothes in .the container. Sines the .. 'water level at 

disconnection is known from pressure indicator 18 the 'load 

of clothes is known and the control means can supply· the 
appropriate water level for washing. If water pressure 

indicator 18 is net p~e$ent the mass of the clothes load 
and the desired washinq water level may be calculated by 

the control means eg. by the look up tables in the 

.. . . . 
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microprocessor since the relationship between water l~vel 
at disconnection and clothes load is known and the tctal 

load of water and clothes is known at disconnection. The 

operator will have selected a desired degree of 

vigorousness of wash and this vigorousness is affected by 

the momentum of the spin tu~, agitator,. clothes and water 

contained at the declutch level. Accordingly a desired 

rotary stroke of the aqitator during washing is set up 

according to the momentum flgur~ stored in block 42 as is 

described in New Zealand patent specification No.· 

213-489/213490. 
Once disconnection or declutchinq has occurred 

accordinq to signals from block 36, (and the timirig of such 

disconnection depends on the size of the clothes load) the 

microprocessor continues to check the load which is still 
influenced by the filling of water into the container 2 as 

is indicated in block 39 and the microprocessor determines 

·at block 40 as to whether a desired water level and load 

measurement has been reached. This is achieved by means of 

the water pressure indicator 18 from which the 

microprocessor has deter.mined the water level at 

disconnection. Knowinq the water le1rel at this point means 

that the load of clothes in the _spin tub is known and the · 

microprocessor then refers to a look up table to deteonine 

the desired water level. The water level may then be 

monitored by checking the pressure indicator at block J9. 

Also, once the time to declutch is known the cor:~ct water 

level may be reac.hed by timing the further water supply as 
shown in the block 44 with dashed lines, this tilne being an 

empirically decided percentage over:un time -~~om the time 

taken for declutch to oc::ur. When the correct water' le,rel 

has been reached in block 45 the wa~e~ valve 17 is turned 

off in block 41 and the wash begins in block 43. 

Referring new to Figur9 4, a third method of 

determining the load in the washing machine is shown. As 

with Figures 2 and 3 the routine starts at block 20 and 
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water is turned on at block 21. The slow stir with changes . 
in speed of the rotatable assembly and corresponding 
changes in kinetic energy as described with reference to 
figures S and 6 is initiated in block SS. The load 
measurement is updated in block 59 and declutching is 
detected in block 60. When ~he water is· turned on in block 
21 and before the slow stir begins in block sa the spin tub 

is rotated slowly for a brief period so that the water 
coming in thro~gh valve 17 is sprayed onto the clothes .in 
the spin tub to ensure that the ciothes are substantially 
uniformly wet before load measurements are taken. Thus ~ 

initially, there are wet clothes about the aqitator and 
between the aqitator and the walls of the spin tub. When 
disconnection cccurs there will be some water in the 
container 2 and there will still be clothes between the 
aqitator and the spin tub such that the agitator movement 
is restricted by the clothes. As more water is introduced 
into the container, the clothes in the spin tub will begin 
to float tree from the agitator and thus the increased 
water in the container reduces the friction between the 
agitator and the walls of the spin tub. Therefore if the 
aqitator is rotated to a certain low velocity and power is 
removed from the motor, allowing the motor and agitator to 
coast, the tilne taken for the aqitator to reach zer~ 
velocity will gradually.increase as more water is 
introduced intc the container. Therefors the measurements 
that beqan as measurements of the mass of the rotatable 
assembly, clothes and wa~er before disc~~neetion bec~ma 
measurements of the friction betwe~n the a9itator and spin 
tub due to the clothes and water in the container. These 
measurements may also be though~ of as mea~urements of the 
"viscosity• Of the mixture Of clothes. and waeer in the 
washinq con~ainer. When the time taken for the agitator to 
reach zero velocity is sufficiently lonq then the opcimwn 
water level has been reached for good wash perfonnance. 
The load measurement on the agitator is compared with the 
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optimUll\ stored in the microprocesso~ at block 61 and ~f the 

load measurement is satisfactory the water valve 17 is 

switched off at block 62. The load measurement obtained in 
black 59 may be passed to block 63 to qive a measure of the 

load.size to set the initial wash profile. Alternatively, 

the water pressure indicator.18 may be monitored in order 

to determine.the water level reached and from this water 

level the desired initial wash profile may be detel:mined. 

The wash then begins in block 64 . . 
Af tar the washing container has been filled to the 

desired level and before the wash beqins the clothes in the 

washing container will often have a number of air bubbles 

therein and when agitation begins these will be expelled 

and the water level in the container may drop 
significantly. Therefore in each of the methods described, 

in machines which are provided with a water pressure 
indicator 18, before the wash is started the agitator is 

rotated back and forth a small number af strokes in order 

to expel the air trapped in the clothes in the spin tub. 

Once the air is re~oved the water valve 17 is turned on 

again in order to refill the water container 2 to the 

desired level. 
Fr~m the foreqoinq it will be seen that methods of 

providing an optimwn water level for a load of clothes in a 
washing machine are pr~vided which are performed 
automa~ically by the machine without any necessary 
infor:nation o:r dee is.ions being supplied by the Op!!:rator r 

othe= than decisions rega~dinq vi~ourousness of wash. 
The featu~es disclosed in the foregoing desc=!ption, 

in the followin9 claims and/or in the accompanying drawings 

may, both separately and in any combination thereof, be 
mate~ia.l for realising the invention ·.in diverse forms 

therecf. 

. . .. 
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CLAIMS: 

L · A mcthOd of proWting a desired level of washing liquid in a laundty 

machine having a cabinet (1), a washing container (2) within said cabinet, a 

S rotatable asse.mbly (3, 4, 10, 11) having a spin tub (3) within smd container (2) and 

an agitator ( 4) within said spin tub, a motor (10) driving said agitator ( 4) conjointly 

with said spin tub (3) or separat.ely on disconnection of said spin tub from said ·. 

agitator as required, and wesbing liquid ~1 contr~l means (15, 16, 17) to control 

wasbing liquid IeveI in said washing container, the method comprising: 

10 placing a load of clothes in said spin tub (3); initiating the supply of washing 

liquid to said container (2) and energizhig said motor (10) intermittently to produce 

changes in the rotational speed of sald rotatable assembly (3, 4, 10, 11) as washing 

liquid is being supplied to said container (2); sensing th8 changes in speed of said 

rotatable assembly relative to enetgy input to said motor with a sensing means (19); 

15 said method being characterised jn that signals indicative. of the resistance 

to rotation of said agitator ( 4) are passed to said control means (15, 16, 17) which 

resistance to rotation is a measure of the viscosity of the mfxmre of clothes and 

washing liquid in said container; · 

comparing the viscosity Of said mmure with a desired viscosity; 

20 and further characterised in that the supply of further washing liquid to said 

25 

container is controlled with said conirol means until said fliscosity is equal to said 

desired viscosity to provide said desired level of wasmng liquid; 

and causing continuous washing action to commence when said desired level 

is reached. 

2. A method as claimed in claim 1 and further comprising: 

dererniining the point of clisconnection of said spin tub (3) from said agitator 

( 4) by passing signals indicative of the total rotating mass of said rotatable assembly 

(3t 4, 10, 11) including the washing liquid in said container and the clothes in said 

.. 
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spin tub from said seDSing means to said control means; and detecting a sudden 

change in said total rotating mass. 

3. A method as claimed in claim 1 wherein: 

sensing said resistance to rotation of said agitator comprises controlling the · 

supply of power .. to said motor (10) with ~aid control means (15, 16, 17) so that said 

agitator ( 4) is al'!Celerated to a desired rotational velocity, removing power from the 

motor (10), measuring the time taken for the agitator (4) to attain zero rotational 

velocity, said time indicating said viscosity, passing said time to said· control means 

10 (15,. 16, 17) as said signal and repeating said steps to ob.tain further time 

measurements as required. 

4. A method as clabned in any one of claims 1 to 3 wherein: 

the step of sensing said total rotating mass of said rotatable assembly (3, 4, 

15 10, 11) comprises controlling the supply of power to said motor (10) with said 

control means so that said rotatable assembly is accelerated to a desired rotational 

veloci1;y, removing power from the motor (10), measuring the time taken for t.he 

rotatable assembly to attain zero rotational velocity, said time indicating total 

rotating mass. passing said time to said control means as said signal, and repeating 

20 said steps to obtain further time measurements as required. 

5. A method as claimed in any one of claims 1 to 4 wherein: 

the step of sensing said resisr.ance to rota~ of said agitator ( 4) comprises 

controlling the supply of power to said motor (10) with said control means (15, l~ 

25 17) so that said agitator (4) is accelerated to a desired rotational velocity, measuring 

the time taken for. said agitator to attain said desired velocity, said time indicating 

said viscosity, passing said time to said control means as said signal.. .and repeating 

said steps to obtain further time measurements as required. 

30 6. A method as cJa.imed in any one of claims 1 to S wherein: 

the step of sensing said total rotating mass of said rotatable assembly (3, 4, 

10, 11) comprises conuolling the supply of power io said motor (10) with said 

control means so that said rotatable assembly is accelerated to a desired rotational 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
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velocity, me8:suring the time taken for the rotatable assembly to attain said desired 

velocity, said time indicating said total rotating mass, passing said time to said 

control means (15, 16, 17) as said signal, and repeating said steps to obtain furthe:r 

time measurements as required. 

7. A method as claimed in any one of claims 1 to 6 and further comprising: 

· the step'.of using signals passed to Said control means (lS1 16, 17) from said 

sensing mea.nS (19) at the time of disconnection to determine the mass of the load 

of clothest storing information of the mass of the load of clothes in information 

10 storage means (15, 19) and using the stored information to pro'lide routines selected 

from giving an indication of a wash profile of agit.ation stroke times, desired speed 

of roiation and acceleration requested for the sensed selected load of clothes to be 

washed and to control the washing routine to give a desired degree of wash to the 

clothes. 

15 

8. A method as claimed in any one of claims 1 to 7, and further comprising: 

the step of rotating said container (2) slowly in one direction and supplying 

a desired quantity of washing liquid to said container before energizing said motor 

(10) so that said load of clothes is damp before" intermittent energization of said 

20 moter. 

9. A ~thod as claimed in any one of claims 1 to 8 and further comprising the 

step of commencing a gentle wash agitation of the clothes for a predetemtined time 

. afler ~ con~l means (15, 16, 17) have supplied washing liquid to said ~tainer 

25 (2) to ·said desired level; stopping said gentle wash agitation; detecting the washing 

liquid level in said conta.lller; and if said washing· liquid level is below said desired 

level, supplying further w~hing liquid to said container so that.said wasbing liquid 

level becomes said desired level, ~d when said washing liquid is at sai~ desired 

30 

level, causing eontinuous washing action to commence. 

10. A laundry machine comprising: 

a cabinet (l); a washing container (2) with said cabinet; a rotatable 

assembly comprisjng a spin tub (3) within said contamer and an amtator ( 4) within 

111111111111111111111111111111 
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said spin tub; a xnotor (10) driving said agitator ( 4) conjointly with said spin tub (3) 

or separately on disconnection of said spin tub from said agitator as ·required; 

control means comprising sensing means (19) to sense the changes in speed of said 

rotatable assembly (3, 4, 10, 11) including the mass of clothes load in said assembly 

5 relative to energy input to said motor (10); and washing liquid level control means 

(15, 16, 17) arranged to control washing liquid level in said washing container in 

respome to sigha.Js passed by said sensing means to said control means, the 

construction and arrangement being such that said control means (15, 16, 17) 

energize said motor (10) intermittently to seme ~ resistance to rotation of said 

10 agitator relative to energy input to said motor after sensing sai"d disconnection, 

characterised in that said control means: receive signals indicative of the 

resistance to rotation of said agitator ( 4) from said sensing means (19) which signals 

are a measure of the viscosity of the mi1ture of clothes and washing liquid in said 

container (2), compare the viscosity of said mixture with a desired viscosity, conttol 

15 the supply of further washing liquid to said container until said viscosity is equal to 

said desired viscosity to provide said desired level of washing liquid and cause 

continuous washing action to commence when said desired level ~ reached. 

20 
11. A laundry machine as claimed in claim 10 wherem; 

said control means (15, 16, 17) further comprises means for determining the 

point of disconnection of said spin tub from said agitator by receiving signals 

indicative of the total rotathlg mass of said rotatable assembly (3, 4, 10, 11) 

including the washing liquid m. said container and the clothes in said spin tub from 

the sensing means, and detecting a sudden change in said total rotating mass. 

12 A Iaundcy mac!Une as claimed m claim 10 wherein: 

said control means (lS, 16, 17) further comprise means for sensing said 

resistance to rotation of said agitator by controlling the supply of power. to said 

motor {10) so that said agitator ( 4) is accelerated t6 a desired rotational velocity, 

30 removing power from the motor (10), measuring the time taken for the agitatOt { 4) 

to attain zero romtio~ velocity, said time ·indicating said resistance to rotation, and 

passillg said time to said control means (15, 26, 17) as said signal 
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13. A laundry machine as claimed in any one of clalms 10 to 12 wherein: 

said control means (15, 16, 17) further comprise means for sensing said total 

rotating mass of said rotatable assembly (3, 4, 10, 11) by controlling the supply of 

power to said motor so that said agitator ( 4) is accelerated to a desired rotational 

5 velocity, removing power from the motor (10), measuring the time taken for. the 

agitator to attain · :ro rotational velo~, said time indicating said resistance to 

rotation, and pa.Ssing said time to said control means as said signal. 

14. A laundry machhu: as claimed in any ·one of c~aims 10 ~o 13 wbrein: 

10. said control means (15, 16, 17) further comprising meatJS for sensing said 

1S 

resistauce to rotation of said agitat~r ( 4) by controlling the supp)¥ of power to said 

motor (10) so that said agitator is accelerated to a desired rotational veloci1;f, 

measuring the time taken for the agitator to attain said timer indicating said 
·, 

resistance to rotatiODt and passing said time to said control meaIJS as said signal 

15. A laundry machine as claimed in any one of claims 10 to 14 wherein: 

said contra~ means (15, 16, 17) fufther comprise means for sensing said total 

rotating mass of said rotatable. assembly (3, 4, 10, 11) by controlling the supply of 

power to said motor (10) so that said rotatable assembly is accelerated to a desired 

20 rotational velocity, measuring the time taken for the rotatable assembly to attain 

said desired velocity, said thner indicating said total rotating mass, and passing said 

time to said control UJc:ans as said signaL · 

16. A laundry machine as claimed in. any one of claims 10 to 1S and funher 

comprisilir. 
information storage means (lS, 19) ·for storing of information of the mass 

of the load of clothes responsive to said signals passed to said control means from 
. . 

said sensing ineans (19) at ·the time of disconnection and using the stored 

information ta provide routines selected from giving-an indication of a wash profile 

30 or agitation suoke times, desired speed of rotation and acceleration required for the 

sensed selected load of clothes to be washed and to control the washing routine to 

give a desired degree of wash to the clothes. 
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17. A laundry machine as claimed in any one of claims 10 to 16 and further 

comprising: 

means for rotating .said container (2) slowly in one direction and supplying 

a desired quantit;y of washing liquid to said container before energizing said motor 

5 (10) intermittently so that said load of clothes is damp before intermittent 

energization of said motor. .· 
_,, . 

18. A laundry machine as claimed in any one of clallns 10 to 17 and further 

comprising: 

10 means for commencing a gentle wash agitation of the clothes for a 

predetennined time after said washing liquid has been supplied to said container (2) 

to said desired level; stopping said gentle wash agitation; detecting the washing 

liquid level in said contahler, and if said washing liquid level is below said desired 

level supplying further washing liquid to said container so that said washing liquid 

15 level becomes said desired level, and when said washmg liquid is at said desired 

level, causing continuous washing action to commence. 

.. 


