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*Improvements in or Relating to Laundry Machines
and/or Methods of Controlling the Same"

This invention relates to laundry machines and/or
methods of controlling the same.
1t is an object of the present invention to provide a
laundxy machine and/or methods of controlling the same
~ which will at least provide the public with a useful
choice.
Accordingly in one aspect the invention consists in a
method Of'providing a desired level of washing liquid in a
laundry machine having a cabinet, a washing containex
within said cabinet, a rotatable assembly comprising a. spin
- tub within said container and an agitator within said spin
i 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 lavel
contrel means to ceontrol washing ligquid level in said
washing container, said methed comprising the steps .of
placing a load of clothes in said spin tub, enezxgising said
motor intermittently to cause changes in the rotaticnal
speed of said rotatable assembly, using sensing means to
sense the changes in speed of said rdtatable assembly
ralative to energy input to said motor to indicate the
mass of clothes load in said spin tub passing signals from
said sensing means to said liquid level control means so
that said control means control the supply of washing
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eparately on di sconnection of said spin tub fromsaid agitator as
redU|red and washing liquid | evel controk2seans to control washing |iquid
| evel in said washing container, said method conprising the steps of
placing a l-oad of clothes in said spin tub, energising said notor

intermttent Ly t:@.dcmseaﬂmrmﬁtainéﬁew otohtoodl theeddvel, oF dheot at abl e
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mass of cl ot hes glag@d dontg . xﬁéaﬁb taali)d pﬂéSdéPeﬁdﬁml orf rstamdsmas%sse‘fm ng
means to sald | UId | evel control neans so at said control neans contro
the supply of sndoad sensed by said sens;ng means.

In a further aspect the invention consists in contral
means for a laundry machine having a cabinet, a washing
container within said.cabineé, 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 Eeparately on
disconnection of said spin tub from said agitator as _
required, and washing liquid admission means, said control
means comprising sensing means to sense the changes in
speed of sald rotatable assembly including the mass of
clothes load in said assembly relative to energy input to
said motor, and washing liquid level control means arranged
to control washinq liquid level in said washing container
in response to éignals passed by said sensing 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
on the mass of clothes load sensed by said sensing means.

In a further aspect the invention consists in a method’
of controlling a laundry machine having 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 driving said agitator and
spin tub when required, float means bexng provided to
connect or disconnect said spln tub from said agitator
accord;ng to the presence or absence of a sufficient -
quantity of washing liquid in said container, said method
comprising the steps of intermittently 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 gf rotation
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-2- lidyid to sai :cgil cont gP%ReErSTEROS control the level of the vvasmion%ulzi qtll)i dd‘/t%
a dgsired level which level is determned by said control nmeans and is

dependent on said nmass of clothes |oad semged by said sensing neans. In a
further aspect the invention consists in control nmeans for a | aundry
machi ne having a cabinet, a washing container within said cabinet, a

rotatabl e asghabbyfCaftersidddadh ¢Lotheshhass aﬂerérpgman:ecbrimrsh._iﬂ]

agitator w tglpri].ns%hg Sé%cf l::teu%)di'ea néjr adggg.gtr; g.i'xlewsr& ) %r' of 'aftqetrotho said
cantainer in order to ascertain the mass of said load,
storing information as to the size of said load, sensing
disconnection by said float means of said agitator from
said spin tub, storing information on the changes in
kinetic energy and information storage means, and using the
stored information to provide routines selected from giving
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 to the clothes;
and determining 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 further aspect the invention consists in a
laundry machine comprising 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 driving said agitator and spin tub when
required, washing liquid admission means, float.means being
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 changes in the speed of rotation of said
rotatable assembly in said assembly during changes in sﬁeed
of rotation thereof, information storage means adapted to
store signals from said sensing means which arz a measure
of said changes in kinetic energy,_washing ligquid level
control means arranged to control washing liguid level in
said washing container and/or wash routine control means
arranged to control the wash routine.of the laundry machine
to give a desired vigorousness of wash according to
settings determined by said signals frem said sensing
means .

To those skilled in the art to which the invention
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tub ¥ romsaid agitator as required; and -washing | i qui d admi ssi on neans,
'saidcontrol neans conprising sensing nmeans.40 sense the changes in speed
of said rotatable assenbly including the mass: of clothes |oad in said
assenbly relative - to energy 4 nput to said notor, and washing liquid |evel

control means aiyanged xhsnfgggggbewaihi eg# thick {6 And il fy "BERER1ng

container in response’to S assed sal Sensi ng neans
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whi ch i s depenimwention as defined in the appended claims. The
disclosures and the descriptions herein are purely'
illustrative and are not intended to be in any sense
limiting. ' ' '

The invention consists in the foregoing and also
envisages constructions of which the following gives
-@xamples only. '

‘One preferred form of the invention will now be
described with reference to the accompanying drawings, in
which; '

Figure ‘1 is a cross sectional elevation of one form of
laundry machine to which the invention is applicable,

Figure 2 is a flow chart of one form of control means
incorporated in the laundry machine of Figure 1,

Figure 3 is a flow chart of a further form of control
means, ' '

Figure 4 is a flow chart of a further form of control
' means,

Figure 5 is a flow chart of a part of the control means
of Figqures 2 to 4, and

Figures 6 and 7 are graphs of rotaticnal velocity vs
time of the rotatable assembly of the laundry machine of
Figure 1. ' .

Referring to the drawings, Figure 1 illustrates a cross
section of a preferred form of laundry machine, a full
description of which appears in published U.S. patent |
specificaticn No.4,813,248 and the descriptian of that .
laundry machine in that specification'ls incoxporated-
herein by reference. :

For the purposes of the present invention the laundry
machine comprisas 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 agitator 4. an
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aspect the invention consists in a method of controlling a | aundry machi ne
having a cabinet, a washing container wthi~®-sai d cabinet, a rotatable
assenbly conprising a spin tub within said cdontainer and an agitator within
said spin tub, and a notor driving said agitator and spin tub when '
required, flophterengagemeatpmedinaiiin tonperovidedditoc emabde tdied sgiim tub

ooty of heh, JoSRAChRe AgbAd 2 "G5 AR 264R0RTIRR Aokl MR
steps of intewabhiagt Ly qaiesyilsirelnsef terorefetrredatoe agiwhters @nlisrs the
rotate at a sigw(ate Wi ) EDAAE hecRRAEINC nkludds kn WP difkmiinoes Of
shown generally by the reference 5 and is described in the
said specification. .The agitator 4 is driven by an
eléctronically commutated motor 10, driving a shaft 11
carried in bearings 12. This 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 stator of the motor 10 and such control means
include starting means arranged 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 including sensing means to sense
changes in speed and enaergy input to said rotatable
assembly are alsc provided and the sensing means pass
signals indicating these parameters to the control means.
The washing machine has washing liquid level detsction
means which comprise the spin tub 3, the disengagement of
which from the agitator which is caused by its floating and -
the air chamber in liquid in the container disengaging the
parts of the dog clutch mechanism 13 and also lifts the
spin tub 3 and this is sensed by sensing means. The
washing machine container 2 alsc has an auxiliary washing
ligquid level detection means comprising for ¥xample a
pressure transducer 18 which provides the control means 15
with a signal indicative of the level of water in the
container 2. .
It has been found that there are three main methods by
which the control means may determine the load in a washing
machine and therxefore control the supply of water or
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aftar a [oad of cIothes has been-placed in said spin tub and before or
durifig the supply of water into said contaLeer in order to ascertain the
mass of said |oad, storing information as to‘the size of said | oad, sensing
di sconnecti on by sald fl oat nmeans of said agitator fromsaid spin tub

storing i nf Oraaéhgﬂgwlgngﬁcwggﬁ% Wedd 1 YHLCIPEGV18E ERE ORI O
ge neans e stored Information to provide routines-
sel ected froneffecthgve wash performance.

In each method, the operator places a load e.g. of
clothes in the spin tub 3 and appropriately operates the
manual controls to give a desired wash.

In one form of the invention relating to a first
control method, the tontrol'équipment includes a
microprocessor programmed in” accordance with a flow chart
shown in Figure 2, and referring to that flow chart, the
operator operates the appropriate controls in the console
16 such that the microprocessor enters the flow chart at
the start, block 20. The microprocessoxr causes the
agitator and spin tub to rotate to a suitable speed e.qg.
approximately 100 rpm and the supply of power to the motor
is controlled by the microprocessor to provide such a
speed. Thus a certain amount of energy is imparted to the
motor rotor, spin tub, and agitator which together comprise
the rotatable assembly of the wdghing 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
assembly corraspond to changes in kinetic energy of the
rotatable assembly and clothes load. Therefore if
electrical 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 retatable .
assembly and the load of clothes in the spin tuk. The
changes or rates of change of kinetic energy of the spin
tub and contents are a measure of the mass of clothes
therein. In Figure 2 the load size is determined at bilock
22 before watexr is supplied to the washing container.

Referring now to Figure S5 which a flow chart applicable
to all three methods. This figure is a flow chart showing
the steps involved in the preferred form of load
determination accoxrding to the present inventjion.
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an-indigation of asmash %wgggvgsrequested fors the sensed IoadN%#7$got%e§/gb
be washed and to control the washing routine to give a desired degree of

wash: to the clothes; and deternining the Lenek.of wat er required for that
| oad of clothes, cutting off the supply of water to said container and
causind the wash routine to start. In a still further aspect the invention

consists in a | auwl imdElfdd "Sf CPIgurei Bgdeteamings thevatiamge<sainai ner
Cont ai ner andUHFGAA (GeFGY 08 EDSLFRLabHR AT SRl At Fd e 8 ¢
agi tator and pidir | Wrifenshaayi r edteveohinee iy inkatly spim telaps, float
reans bel ng Py o) Ce o TS thed b $60MFng Y hblsba Bl 38 ¢
energy to the motor such that the rotatable assembly
approximates a predetermined velocity e.g. 40 rpm. The
motor and motor controls referred to in the specification
are of the same form as thosé described in the
specification of our New Zealand patent application Ne.
213489/213490 filed 16 September 1985, (US Patent
No.4,857,814) ﬁhich is incorporated herein by reference.
The predetermined velocity is stored in an information
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
means which sense the kinetic energy of the xotatable
assembly and provide signals indicating the mass of the
rotatable'assembly'and the rotatable contents (clothes
load) thereof to the microprocessor. To enable the
rotatable assembly to reach the predetermined velocity the
pwm period ls controlled, effectively controlling the
current input to the motor as it is being commutated so
‘that the velccity of the rotatable assembly slowly
increases. Referring to Figure 5, the algorithm there
illustrated beging at the ‘start block 50. Power is
supplied to the motor winding stages at block 51, as
described above. It has been found that supplying a
miniﬁal amount of energy to the rotatable assembly is ..
desirable, since large amounts of enexgy in the rotatabls
assembly mean measurements take a lonﬁer 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 controller at block 52. A predetermined motor

" This Sheet Has Been Reriaced

A



, Feb, 14: . : : 3 -
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suf fd,ci ent quantity of washing liquid in said container, sensing neans to
sense changes of kinetic energy responsive=Be .ghanges in the speed of
rotation of 'said rotatable assenbly in said assenbly during changes in
speed of rotation thereof, information storage neans adapted to store

signal s fronlggh@cggﬁsbn@_nq@ng 1igh stred nEgsthe mémoaydothahges in
kinetic energy, washing I"i quid ['eyel control neans.arr&gge% tqQ _control
washi ng i qui Mlcspgracessard ands ks DFAdRHRIMINGA Yedash WodS COMBRTRS D

Teans arrangedd f1eal 6y Wilth WaRD it ddeambonlonbuRdivEloRi adaEier a
desired vigorousness of wash according to setfings determ ned by said
signal s from da dlonkiS?y When the motor velo_c?.t;y is equa(i tg the
' predetermined motor velocity, power is removed from the
windings and a timer begins at blocks 54 and 55. At this
stage the motor velocity is still being measured. After
power is removed from the windings the motor speed will
gradually decrease until it eventually stops. The point at
which. the motor velocity reaches zero is determined at
block 56 and at this point the timer is stopped at block 57
and the elapsed time is stored in the memory of the
microprocessor. This cycle is repeated, the motor being
energised and de energizéd intermittently.
feferring now to Figure 6 a graph of velocity vs time
. is shown, the origin representing the peoint at which the
motor velocity is zero, before power is applied to the
motor windings. The point 58 on the vertical velocity axis
represents the predetermined velocity and the point 59 on
the horizontal time axis is a measure of the time taken to
reach the predetermined velocity. Wwhen the rotatable
assembly reaches the predetermined velocity 58 the pwm
period is adjusted by means of the motoxr contxrol system
such that the predetermined velocity is maintained. The
pericd for which this is maintained is shown as the time
between points 5% 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 cocast. As soon as
power is removed from the motor windings a timer is
activated in the microprocessor and the bhack emf induced in
the motor windings or the output of hall effect sensors
mounted on ihe stator is monitored, se¢ that the speed of
rdtaticn of the motor is known. When the rotatable
assembly stops rotating the timer in the microprocessor
records the time taken for the motor to decelerate to

zero. This time may be for example, time 61 or 62 shown in
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many' changes in construction and w dely differing enbodi nents and
appl tcations of the invention will suggest themsel ves w t hout departing
fromthe scope of the invéntion as defined in ‘the appended clains. The

il ool osures apfakhe £egn! Bhiotahel o' ALSrBULSkLebbe Y Bhe' SodALaY B!
the rotatable assembly. For example, if there is a large
mass of clothes in the 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 longexr than the time taken if
the spin tub had no clothes therein, for example. Since at
this point in the wash cycle' the agitator and spin tub are
interconnecﬁed and the inertia of this apparatus is
constant, the only factor which will change the time taken
for the motor spead 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 reading of the time taken for the speed of the motor to
reach zerc 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
rzading in each direction of rotation is desirable in order
to obtain a true indication of the load of ¢lothes 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 look up
tables in the mewory of the microprocessor which provide |
the control system with an indication of the lcad of
clothes in the machine and therefore the water level whicﬁ
will be required for the wash routine for that leoad to
commence. Onca the appropriate water level is knewn by the
control system the wash profile of agitation stroke time,
desirad speed of rotation and acceleration is selected in
accordance with the specification of our New Zealand patent
application N0.213489/213490. .

although in this form of the invention lead measuring

may be carried out with the load of clothes dry, the
accuracy of load measurements may also be incxeased by

dampening the clothes before taking the measu;gmeg;s. Such
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i nvention will now be described with referg?eg to the acconpanyi ng
drawings, in which; Figure 1 is a cross sectironal elevation of one form of
| aundry machine to which the invention is applicable, Figure 2 is a flow
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Figure 4 i s asprayingamatsr £romtthe dutketfofowadye 17 over the clothes

in the spin tub.

Once the load size check has been carried out at block
22 of Figure 2 the micxoprocessor causes valve 17 to be
opened by a signal from the 'watex on" block 23. Slow
stirring with reversals or with intermittent supply of
power is carried on at block 24 as has been described
above. At this point the load compxises clothes and
water., The change in kinetic energy is continucusly
checked as shown by the circuit 25 containing the slow stir
routine at 24. The declutch and disconnection of the
agitator 4 from the spin tub 3 is detected by the air
chamber or float 5 interrogation 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 spin tub agitator and locad of clothes., The
inertia of the rotatable assembly and load is measured as a
change in kinetic energy when the power to the motor is cut
off and the motor is allowed to slow to zero speed after
being maintained at a predetermined velocity as described
above. The water level in the container increases until
the float 5 floats the spin tub upwardly in a manner such
as to disconnect the intercomnecting means between the
agitator and the spin tub. Whén this disconnection occurs
thers is a sudden decrease in the inertia of the rotatable
assembly which is detected by the sensiﬂg means. Referring
again tg 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 prddeterzmined
velocity to zero. The time taken for the rotatable
assembly to decelerate after disconnection may for example
be only one tenth that taken prior to disconnection. Thus
the time between points 60 and 62 in Figure 6 may reprasent
the time taken for the rotatable assembly to decelerate

when the spin tub and agitator are interconnectad and the
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to 4, and Figures 6 and 7 are graphs of rotational velocity vs tine of the
rot at abl e assenbly of the laundry machine_gfi.Figure 1. Referring to the
drawi ngs, Figure 1 illustrates a cross sectiod of a preferred foerm of
| aundry machine, a full description of which appears in published U S.

rathrme Tt B B gi 63 dalf 6000 0 gle I SoMe e,

pur poses of tﬂq:;ﬁhgerntahabhe| asenblyaqu celerate after declutching
has occurred. Thus it can be seen that there is a clear
indication provided to the sensing 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 glothes therein. The
change in the time required to accelerate the rotatable
assembly is not shown in Fiqure 6 in order to simplify the
diagram.

Referxing now to Figure 7, the time requxred for the
rotatable assembly of clothes load to reach the

predetermined velocity 58 prier to disconnection is the
time between the origin and point 63. If the same torgue
is appliad to the motor after disconnection the time taken
to reach velocity 58 is that between the origin and point
59. Again the disconnection of the spin tub from the
agitator is sensed, the signal change 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 for simplicity.

Thus when declutching cccurs a further timer commences
operation, allowiﬁg the water supply to remain on for a
desired water on overrun time, which is either a
predetermined period, or is of say 10-20% of the time to
£ill the container 2 to declutch The water on overrun
time is operated in block 27 and when that time has elapsed
at block 28 the "watsr off" signal operates at 29 causing
valve 17 to close. The load measured from block 22
indicates the washing profile at block 30 and washing
started at block 31. The washing profile control is
described in the specification of our New Zealand patent
application Na. 213489/213490.

Thus in this first method the watef level is determined
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machi ne; co gI’BI sleq‘$3§;1 cabFR%R[ESRERMthl n which there is a fixed (l,{(l.’)ngi'rét?nelP 2134%
within that container is a rotatable spin tub 3 and within the spin tub is,
an agitator 4. An i nt erengagenent nmechagpsmis provided to enable the
spin tub 3 and the agitator 4 to be raised and | owered when washi ng |i quids
hereinafter referred to a$ water enters the container 1 and such mechani-sm

thasara U SOAHE RNl 6608 AbLYubnIRG HhCH R RANE SuieoFr| oc
comut at ed mithsichiols either & m@rtion of the time to £ill to
declutching or a fixed further period of time dependent on
the sensed load in the machine.

Referring again to Figure 1, water pressure indicator
l8senses 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 time 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 watex
level indicator and compares this at block 33 with the
desired water level which has been obtained from lock up
tables relating to the load size stored in information
storage means which comprise the mexory of the
microprocessor. If the corract 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
wash 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 detexmining the
load of clothes in the spin tub is to start the washing
machine motor from a stand still as previously described
but in addition, substantially simultaneously or earlier
admitting water to the container, increasing the rotational
velocity of the motor up until a predetermined Qelocity is
obtained and then méasuring the time taken fbr'the
rotational velocity to drop to zers, as the water is being
allowed to enter the'washing container. Wherr a certain
known quantity of water is present in the container, float
5 will rise and the spin tub will be-disconnected from the
agitator such that the spin tub is stationary. As with the
first 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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has -in its memory a figure representative of a sufficiently
large time period such that if the measured time period
decreases by an amount which-is equal to or greater than
the value stored in a memoxry of the microprocessor, the
microprocessor will signal that disconnection of the spin
tub from the agitator has occurred. The amount of water
necessary for disconnection %o occur will vary depending 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
disconnection. 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 depending on
the rate of water flow into the machine, the microprocessor
may now refer to a look up table in order to obtain a value
of the time required to f£ill the c¢ontainer to a desired
water level. The look up table in the microprocessor
provides a further “water on” time after discomnestion
which is a percentage overxun time based on the time taken
to £ill the container te declutch.

In the routine of Figure 3, as stated above, operating
thae controls causes & routine tc start at 20 and the
microprocesscf causes the valve 17 to he opened bv a signal
from the "water on” block 21. Befors locad measursment
begins the spin tub may be rotated slowly such that the
ocutlet of valve 17 sprays water on top of the clothes 'in
the container in order to ensurs that the clothes arxe

uniformly wet before load measurement begins. In addition

slow stirring is commenced by a signal f£rom block 35, such
slow stir includes acceleration and decsleration sequences

during which there are changes in kinetic energy and the
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speeds. As explained above with reference to Figures 5 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 power to
the motor is cut off 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 to disconnect the interconnecting 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 to be |
passed by block 36 indicating that disconnection has
occurred as indicated by the block 38. 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 clothes load in the spin tub has been
found by experiment to be directly proportional to the
quantity of watexr reduired to float the spin tub. The
water or washing liquid is supplied to the container at a
fixed rate and therefore the time between turning the water
valve "on" and disconnection is alsc an indication of the
load of clothes in the container. Since the“water level at
disconnection is known frem pressure indicator 1§ the 'load
of clothes is known and the control means can supply the
appropriate water level for washing. If water pressure
indicator 18 is not present the mass of the clothes load :
and the desired washing water level may be calculated by
the contrcl means eg- by the look up tables in the
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are three main nethods by whi ch the control :
nmeang nay determ ne the load in a washi ng machi ne and thggﬁ&@ﬁgB@mnqmnM t he,

supply of water or -6- washing liquid t Qqigie | evel -
nost effective wash performnce. In each met hod, the o Ioad
e.g. of clothes in the spin tub 3 and approprlately oper e ;

nanum
controls to m
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at disconnection and clothes load is known and the total
load of water and clothes is known at disconnection. The
operator will have selected a desjred degree of
vigorousness of wash and this vigorousness is affected by
the momentum of the spin tub, agitator, clothes and water
contained at the declutch level.  Accordingly a desired
totary strake of the agitatdr during washing is set up
according to the momentum figure stored in block 42 as is |
described in New Zealand patent specification No.'

213489/213490. |
Once disconnection or declutching has occurred
according to signals from block 36, (and the timing of such
disconnection depends on the size of the clothes load) the
microprocessor continues to check the load which is still
influenced by the £illing 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 detexmined the water lével at
disconnection. Knowing the water level at this point means
that the load of clothes in the spin tub is known and the
microprocessor then rafers to a look up table to deterxmine
the desired water level. The water level may then be
monitered by checking the pressurs indicator at bleock 39.
Also, once the time to declutch is known the correct water
level may be reached by timing-the further watsr supply as
shown in the block 44 with dashed lines, this time being an
empirically decided percentage overxun time'§£Cm the time
taken for declutch to occur. When the c¢orrect water level
has been reached in block 45 the water valve 17 is turned
off in block 41 and the wash begins in block 413.
Referring ncow to Figure 4, a third method of
detarmining 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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16 such that the nicroprocessor enters the fl1ow chart at the start, block
20. The m croprocessor causes the agitator and spin tub to rotate to a
sui tabl e spewdtexyisagmrmedmmrelat tibelpn2hnd The slppl ptd pawly changes
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measurement is updated in block 59 and declutching is
detected in block 60. When the water is turned on in block
21 and before the slow stir begins in block 58 the spin tub
is rotated slowly for a brief period so that the water
coming in through valve 17 is sprayed onto the clothes in
the spin tub to ensure that the clothes are substantially
uniformly wet before load measurements are taken. Thus
initially, there are wet clothes about the agitator and
between the agitator and the walls of the spin tub. When
disconneétion occurs there will be some water in the
container 2 and there will still be clothes between the
aéitator 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 free from the agitator and thus the increased
watar in the container reduces the friction between the
agitator and the walls of the spin tub. Therefors if the
agitator is rotated to & certain low velocity and power is
removed from the motor, allowing the motor and agitator to
coast, the time takan for the agitator to reach Zer?

. velocity will gradually increase as more water is
introduced into the container. Therefors the measurements
that began as méasurements_of the mass of the reotatable
assembly, clothes and water before discennection become
measursments of the friction between the agitator and spin
tub due to the clothes and water in the container. These
measurements may also be thought of as measursments of the
"vigscesity* of the mixture of clothes and water in the
washing container. When the time taken for the agitator to
reach zexro velocity is sufficiently long then the optimum
water level has been reached for good wash performance.

The load measurement on the agitator is compared with the

This Sheet Has Been Replaced
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I n the vel ocity of the rotatable assenbly correSpond to changes in klnetlc-- o

ener-gy of the rotatable assenbly and cl otfk%-l-0oad, .Therefore if electrical
energy is provided to the notor such that a certain vel ocity (and
rotational kinetic energy) is attained, the tine taken for the nmotor to’
coast to zeropt&humltxomd& ﬂnathenmﬁnmaprﬁceaeonaas bilocke 6iloaadatiife the

el o0 \ohR, At 15 A I ERcL Ry M THER 4S8R, 7 1 o2 O
mass of cl ot bﬁ‘iti:héﬁeuif Ian: Blncle 621 heThealloatz measutement widtaindd diork
22 before vap gt 1 SRRy o 'padda "E5 h19ck°85% L8 give a measuze of the
ioad,51ze to set the initial wash profile. Alternatively,
the water pressure indicator.l8 may be monitored in oxder
to determine the water level reached and from this water
level the desired initial wash profile may be determined.
The wash then begins in block 64. |

Aftar the washing container has been filled to the
desired level and before the wash begins 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
rotataed back and forth a small number of strokes in order
to expel the air trapped in the clothes in the spin tub,
Once the air is removed the water valve 17 is turned on
again in orxder to refill the water container 2 to the
desired level.

From the foregoing it will be seen that methods of ,
previding an optimum water level for a load of clothes in a
washing machine are provided which are perfoxmed '
automatically by the machine without any neceésary
‘information oz decisions being supplied by the operator,
other than'decisicns regarding vigeurcusness of wash.

The feaﬁures disclosed in the foregoing description,
in the following claims and/or in the accompanying drawings
may, both separately and in any combination therecf, be
material for realising the invention.in diverse forms
therect.

" This Sheet Has Been Replac
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methods. This figure is a flow chart showing the steps involved in the
preferred formof |oad determ nation according to the present invention
-7- The nethod of Figure 5 determ nest the changes in kinetic energy of the

rotata assenbly conprising the notor, drive shaft, interconnecting
nmeans, spin tub, i nd cl ot hes.by supplying a m ni WH{E_S%QQHQ}B&:R
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CLAIMS:

1 A method of providing a desired level of washing liquid in a laundry
machine having a cabinet (1), a washiﬁg container (2) within said cabinet, a

5 rotatable assembly (3, 4, 10, 11) having a spin tub (3) within said container (2) and
an agitator (4) within said spin tub, a motor (10) driving said agitator (4) conjointly
with said spin tub (3) or separately on disconnection of said spin tub from said -
agitator as required, and washing liquid level control means (15, 16, 17) to control
washing liquid level in said washing container, the method comprising:

10 placing a load of clothes i said spin tub (3); initiating the supply of washing
liquid'to said container (2) and energizing said motor (10) intermittently to produce
changes in the rotational speed of said rotatable assembly (3, 4, 10, 11) as washing
Hquid is being supplied to said container (2); sensing the changes in speed of said
rotatable assermbly relative to energy input to said motor with a sensing means (19);

15 said method being characterised in 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 4 measure of the viscosity of the mixmure of clothes apd -~ -
washing liquid in said container; - . ' |

comparing the viscosity of said mixture with a desired viscasity;

20 - and further characterised in that the supply of further washing liquid to said
container is controlled with said cantrol means until said viscosity is equal to said
desired viscosity to provide said desired level of washing liquid;

and causing continuous washing action to commence when said desired level

is reached. A '

25 _

Z A methaod as claimed in claim 1 and further comprising:

determining the point of disconnection of said spin tub (3) from said agitator
(4) by passing signals indicative of the total mtat.ing mass of sajd rotatable assembly
(3, 4, 10, 11) including the washing liquid in said container and the clothes in said
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controts referred to in the specification are of the sane form as those
déscribed in the specification of our New éeal and patent application No.
213489/ 213490 filed 16 Septenber 1985, (US“Patent No. 4, 857, 814) which is
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cal cul ated by the m croprocessor as part of the notor cont

function. The ot or ,contl o a SR b WP WledE: SeNsi 0

| 5 sensing said resistance to rotation of said agitator comprises controlling the
supply of power. to said motor (10) with said control means (15, 16, 17) so that said
agitator (4) is accelerated 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 obmin further time

measurements as required. |

4-. A method as claimed 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

comtrol means so that said rotatable asserobly is accelerated to 2 desired rotational

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

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

rotating mass, passing said time to said control means as said 'sig'na.l, and repeating
20  said steps to obtain further time measurements as required,

5.  Amethod as claimed in any one of claims 1 ta 4 wherein:
the step of sensing saﬁd resistance to rotation of said agitator (4) comprises
controlling the supply of power to said motor (10) with said control means (15, 16,
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 velacity, 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.

3 6 Amethodasclaimedinanyoﬂeofclaimsltohvhereim
the step of sensing said total rotating mass of said rotatable assembly 3, 4,
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

RN —

R
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measurements as requxreds.

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 (15, 16, 17) from said
sensing means (19) at the time of disconnection to determine the mass of the load
of clothes, storing information of the mass of the load of clothes in mformaﬁon
storage means (15, 19) and using the stored information to provide routines selected
from giving an indication of a wash profile of agitation stroke times, desired speed
of rotation and acceleration requested for the sensed selected load of clathes to be
washed and to control the washmg routine to gwe a desired degree of wash to the
clothes.

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

the step of mt&ﬁng said container (2) slowly in one direction and supplying
a desired quantxty of washmg hqmd to said container before energizing said motor
(10) so that said load of clothes is damp before intermittent energization of said
motor. - |

9 A method as claimed in any one of claims 1 to 8 and further compnsmg the
step of commencing a gentle wash agnauon of the clothes for a predetermined time

_after said control means (13, 16, 17) have supplied washing liquid to said container

(2) to said desired level; stopping said gente wash agltanon, detecnng the washing
liquid level in said container; and if said washing hqmd level is below said desired
level, supplying further washing liquid to said container so that said washing liquid
level becomes said desired level, and when said waéhing liquid is at said desired

level, causing ¢ontinuous washing action
1‘ causmg unug § . to commence. “This Sheét Has Been Rep laced
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a cabinet (1); a washing container (2) with smd cabinet; a rotatable
assembly comprising a spin tub (3) within said container and an agitator (4) within
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measurements take a longer tine to obtain. V\henw)ower IS supplied to the

mot or wi ndi ngs, the velocity of the motor and ﬂ“ﬂﬂmljﬁml y.-i' s then
moni tored by the notor controller at bl ockd &2 not or

velocity e.g. 40 rpmis stored in the nenory of "t he mcroprocessor and this

pr edet er ni neosawbsmnltub' a2 maton{i4) duiving smdmtam M)tcnn_tomn with said spisaub (Bt or
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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 assernbly
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
response to sighals passed by said sensing means to said comtrol means, the
construction and arrangement being such that said comtrol means (15, 16, 17)
energize said motor (10) intermittently to sense the resistance to rotation of said
10 agitator relative to energy input to said motor after sensing said 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 mixture of clothes and washing liquid in said
comtainer (2), compare the viscoéity of said mixture with a desired viscosity, control
-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 is reached.

11 A laundry machine as claimed in claim 10 wherein;
20 said control means (15, 16, 17) further comprises means for determining the
pbint of disconnection of said spin tub from said agitator by receiving signals
indicative of the toml rotating mass of said rotatable assembly (3, 4, 10, 11)
including the washing liquid in said container and the clothes in said spin wb from
the sensing weans, and detecting a sudden change in said total rotating mass.

{1

12, A laundry machine as ciaimed in claim 10 wherein: .
said control means (13, 16, 17) further comprise means for sensing said
 resistance to rowaton of said agitator by controlling the supply of power to said
metor (10) so that said agitator (4) is accelerated tG a desired rotational velocity,
30  removing power from the motor (10), measuring the time taken for the agitator (4)
10 attain zero rotational velocity, said time indicating said resistance to rotation, and
passing said time to said control means (15, 26, 17) as said signal.

This Sheet Has Been Replaced
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velocity is still being nmeasured. After povver | e w ndi ngs
the.nmotor speed will gradually decrease unt uhiﬁm ﬂl s. The
point at which the motor velocity reaches*® eTo | bl ock 56
and at this pqg nt the tiner is stopped at .bl ock 57 a I dtinmeis
stored in the % “EE@W@B &Eé‘% i agycge (ﬂf&%msg% p@?gﬁc’q'he
nmot or bei ng energl S y2 7’;“#,’?{]1@} Erﬁa%
Figure 6 a graph of ?&g%@@pﬁ?mgﬁﬁ{ n’eﬁij% own E{’ﬁ or| gl n represeg:tl ng the
poi nt at whi cmymwwwﬁmmemy (314016, bnvb/rcommliny thecsupplyt 68
nmotor w ndings. The point 58 on the vertical velocity a
power to said motor so that said agitator (4) 1 acceletated 1o a desired rotational
5 veloc:ty, removing power from the motor (10), measuring the time taken for the
~ agitator to attain zero rotational velocity, said time indicating said resistance to
rotation, and passing said time to said control means as said signal.

14 A laundry machine as claimed in any one of claims 10 to 13 wherein:
10 said control means (15, 16, 17) further comprising means for sensing said
resistance to rotation of said agitator (4) by controlling the supply of power to said
motor (10) so that said agitator is accelerated to a desired rotational velocity,
measurmg the time taken for the agitator to attain said timer indicating said
resistance to rotation, and passmg said tlme to said control means as said signal.

15. A laundry machine as claimed hi any one of claims 10 to 14 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 o 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 desxred velocity, said timer indicating said total rotating mass, and passing said -
time to said control means as sa1d sxgna.l.

| 16. Alaundrymacmncasclmmedmanyoneofclmmsmtolsandfunher
25 compﬁsmg- ' . _
information storage means (15 19) for storing of mformanon of the mass
of the load of clothes respouszvc to said s:gnals passed to said conn'ol means from
said sensing means (19) at the time of disconmection and using the stored
information to provide routines selected from giving an indication of a wash profile
30  oragitation stroke times, desired speed of rotation and accelerarion 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.

This Sheet Has Been Replaced
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time axis is a nmeasure of the time taken to re predet er m ned
velocity. When the rotatable assenbly reaches gmuﬁm !"ﬂ[ﬂ ﬂ vel ocity 58
the pwm period is adjusted by means of the St df | such t hat
the predetermpned velocity is I nt ai,ned., .The perio Qr lch thisg,s

mai ntai ned is hom%&“ﬂﬁ@' Sésvﬁ;@-ﬁ‘eﬂo‘?rﬂ‘yp% &{3@5% 9 Fﬁa@mﬁ"ﬂé
poi nts 59 and c[ggnré%%d be substantially coincidental. The notor is then
turned of f at Tl ‘and al l owed to coast. As soon ds power is renoved

fromthe notor w ndimges fof forting said containee (2) slowlycinroner dirsotion and suppliidge
back enf induced in the nptor w ndings,or the output of hall effect_ sensors
a desired quantity of washing liquid to said container before energizing said motor
§  (10) imtermittently so that said load of clothes is damp before intermittent

energization of said motor.

4

18. A laundry machine as claimed in any one of claims 10 to 17 and further
comprisiog: _ ' |

10 means for commencing 2 gentle wash agitation of the clothes for a

_ predétermined 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 container; and if said washing liquid level is below said desired

level supplying further wa.ihing liquid o said container so that said washing liquid

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

level, causing continuous washing action to commence,
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motor. i 5 known. \WWen the rotatable assenbly stops'rotating the tinmer in the
m cr.oprocessor records the tinme taken for {HRe notor to decelerate to zero.

This tinme my befor exarrple tlrre 61 or 62 shovvnln Flgure6andth|s
time is repredMBROYEMEN ORc REEATANG AYNDRY (MACHINES ANDAOR-METHODS For
-exanple, if tw of cIothesmthe splntubthenthe

inertia of the rotatable assenbly will be greater and the tine taken' for
the rotational velocity of the rotatabl AREEBaGEY to reach

A method of providing a desired water level in a
laundry machine by energising the motor(10) of the machine
intermittently to produce changes in velocity of the spin
tub(3), agitator(4) and load of clothes in the spin tub(3).

The changes in velocity are measured and from the
measurements the mass of the load of clothes is determined
by control means (15, 16, 17). A desired volume of water
necessary for an optimum wash of the load of clothes is
then determined and this volume of water is admitted to the
washing container(2) of the laundry machine(l).

[Figure 1 is suggested for publication]
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no cl othes therein, for exanple. Since at this point in the wash cycle the
agi t-ator and spin tub are interconnected anl the inertia of this appar at us
is constant, the only factor which will chhlge thf time taken for the notor
speed to ranp down will be the |oad of clot es i nldge spin tub_and

therefore the load is known. However, due to sone spUw_ous | aRl es s%ch
as the changi'ng position of the clothes within the spin )

reading of the time taken for the speed of the nbtoi t Tt i1l not
necessarily be precisely representatlve of t he Io I : e spin
tub. Therefore i - s gs e. gy e east
one :
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trye indication of the |load of clothes in the machine. If the readings in
each dirﬁxilgaegQOV|de ti mes which are mntan accept abl e tol erances of each

ot her, t times are conpared witmp | ues stored in | ook up
i ch prOV|de the control system

wat er | evel which will be required
commence. Once the appropriate water own by the control” system

the wash profile of agitation s sired speed of rotation and
“acceleration is selected in accpﬁﬁﬁﬁ&éﬂﬁpth the.specification of out New
Zeal and pat ent SIZE

1 23
. sy

e wash Butine for that |load to
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app! §. Fab.i 1986 Nd4 213489/ PRMSEERS Al t hough in thi's formof the Nhidht i oh 2844
neasUring may be carried out with the |oad of clothes dry, the accuracy of
I0ad nmeasurenents may al so be increased byjdanpening the clothes before '
t aki ng the neasurenents. Such -10- da égbng is effected by rotating the
spin tub slowy while spraying water fro routlet of valve 17 over the

clothes in the i bh. Once the | oad size check h been carried out at
bl ock EE.@..QJ | , afO ,
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22 ofd ﬁbgdlggﬁ 214 I43 m ch&BRWE%%or causes valve 17 to be oper‘@dguﬁ aP5|?g%al )

fromfhe "water on" block 23. Slow stirring with reversals or wth
intermttent supply of power is carried on at block 24 as has been

descri bed above. At this point the load c rises clothes and water. The
change in Iﬁ- energy i s continuously keﬂ-- as shown by the circuit 25
cont ai ni ng E%sl w stir routine at 24 The d thh' and di sconnection of

the agitator Z rromthe spin tub 3 gal ect€d by the air chanber or float
e agitator are connected together

5 int errogat ion.at 26. The spin
by the mechanism 13 and initiall 1 rela¥ively large inertia is present in
t he associated spin tub agitator and |l oad of clotXes. The

WATER ON
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iﬁertq;ge%flg%elﬂﬁzat ébl@kgggﬂﬁ%ly and load is neasured as a ﬁh&rﬂ% ih 30731

ki peti c’ energy when the power- to the nmotor is cut off and the notor is

al lowed to SF)[;/G ogero speed after being i ntai ned at a predetermnm ned

vel ocity as roed above. The water lews (,ig- he ,cont ai ner increases

until the float 5 floats the spin tub upwarély~i™m a manner such as to

di sconnect the interconnecting nmegfsS_Detwee€h the agitator and the spin tub.

When this di sconnection occurs thdr 8TABTa) sudden decrease in the inertia of

the rotatabl e assenbly which is det e~ by the sensing neans. Referring

again to Figure 6, the disconnection ijs seen by t sensing neans as a

sudden decrease in the tine taken for ¢ he rou&b# assenbly to decelerate

fromthe predeterni ned SUPPLY POWER ' _
: TO MQTOR

" ' 1 52
MEASURE MOTOR |~
VELOCITY

a“

Lol
Ly

IS VELOCITY .
EQUAL TO PREDETERMINED
VELOCITY ?

REMOVE FOWER /

FROM WINDINGS

START TIMER /
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vel dcfely 1086 z¢td2 The RORRESTER%en for the rotatable assenbl yN°t Tifecd e319(t3é
after disconnection may for exanple be only one tenth that taken prior to
i ’sconnection. Thus the tine'between points 60 and 62 in Figure 6 nay
represent the tine taken for the rotatable gssenbly to decel erate when the
spin tub and agitator are interconnected allg’a he -11- time between
points 61 and 60 rgpresent the tinme takgn for the rotatable assenbly to
decel erate after%ﬁhi ng has occurred. Thus it can be seen that there
is a clear )
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I ndi cat.ion provided to the sensing neans that disconnection has occurred.
| t- shoul d be noted that the time taken for the rotatable assenbly to _
acc€l'&rate to the predeterm ned speed may al so be. used as an indication of

the inertia of the rotatable assenbly and water and :cl othes therein.

change i the tine required to accelerate the rotatable assenbly is not
shown in Figure 6 in order to sinplify the dia

7, the tine required for the rotatable assenbl
t he Fredqg@fm@@gg y@tg@gty 5§gprrgr to di sconng
t he a
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"Improvements in or Relatlng to Laundry Machlnes =
and/or Methods of Controlling the Same"

This invention relates to laundry machines and/or

methods of controlling the same.

It is an object of the present invention to provide a
laundry machine and/ox methods of controlling the same
which will at least grOVLde the public with a useful

choice.

Accordingly in one aspect the invention consists in a

method of providing a desired level of washing liquid in a

laundry machine having a cabinet, a washing containex

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 level

contrel means to centrol washing liguid level in said

washing container, said methcd comprising the steps of
placing a load of clothes in said spin tub, enerqgising said

motor intermittently to cause changes in the rotaticnal

speed of said rotatable assembly, using sensing means to
sense the changes .in speed of gaid rotatable assembly
relative to energy input to said motor to indicate the
mass of clothes load in said spin tub passing signals from
said sensing means to said liquid level control means s©
that said control means control thg supply of washing

R RFPLACEMENT SHEET
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Is applied to the notor after disconnection the tinme taken to reach
vekocity 58 is that between the origin and point 59. Again the
di sconnection of the spin tub fromthe agitator is sensed, the signal
change indicated to the control neans whee, by reference to the | ook up
tables, a water level for the |load is selected. The ranp down tines are not
"shown for sinpli C|t¥ Thus when declutchlng occurs a further timer

o

conmences opadaRigntoasnbdi Gentainamter consEPy FBer%ﬁﬁﬁ% e a desired

wat er on overdashingMBiquidcloi & &éé:lﬁd A eReddahsERi DedeDeld Qbtedminadof say
10-20% of the tine’to ?I|| t he cont n_erdé|P o ,[declutch. The water on
overrun time 9% S3d&r GPBBLPH BEARK erdent: op; faid uass é’%sed

clothes load sensed by said sensing means.
In a further aspect the Iinvention consists in control
means for a laundry machine having 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 driving said agitator
conjointly with said spin tub or separately on
disconnection of said spin tub from said agitator as
required, and washing liquid admission means, said control
means comprising sensing 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 washing liquid level control means arranged
to control washing liquid level in said washing container
in response to signals passed by said sensing 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
on the mass of clothes load sensed by said sensing means.
In a further aspect the invention consists in a method
of controlling a laundxy-machine having a cabinet, a
washing container within said cabinet, a rotatable assembly
comprising a spin tub within said container and an agitatoxr
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 said¢ agitator
according to the presence or absence of a sufficient
‘quantity of washing liquid in said cantainer, said method
comprising the steps of intermittently 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

E&K&JKHHWENT'SHEET




at block 28 the "water off" signal operates aj:
cl ose. Fhe | oad neasured from bl ock 22 indicate
bl ock 30 and washing started at bl ock 31. The gontrol is
described in the specification of our New Zea] ahd- nt—apphi-gati+on No.
213489/ 213490. Thus in this first method fhe i letfer m ned

-12- by adding water after declutching fOt™ a |peri od of tine whijch is either
a proportion of the tinme to fill to |

thereof after a load of clothes has been placed in said
spin tub and before or during the supply of water ipfo said
cantainer in order to ascertain the mass of said load,
storing information as to the size of said load, sensing
disconnection by said float means of said agitator from
said spin tub, storing information on the changes in
kinetic energy and information storage means, and using the
stored information to provide routines selected from giving
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 to the clothes;
and determining 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 further aspect the invention consists in a
laundry machine comprising 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 driving said agitator and spin tub when
required, washing liquid admission means, float means being
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 changes in the speed of rotation of said
rotatable assembly in said assembly during changes in speed
of rotation thexeof, information storage means adapted to
store signals from said sensing means which ars a measure
of said changes in kinetic energy, washing liguid level
control means arranged to control washing liquid level in
said washing container and/or wash routine control means
arranged to contrxol the wash routine of the laundry machine
to give a desired vigorousness of wash according to
settings determined by said signals frcm said sensing
means.

To those skilled in the art to which the invention

"to
ofil e at




declutching or a fixed further period of tine dnbnndpnt on..t.he sensed | oad
in the machine. Referring again to Figure 1[§Q§LACENH§ﬁ$gHgETndicator
oo 11

18senses pressure of water in the base of th €oft T —and
therefore al so provides an indication of thg Level inlthe container
2. If the pressure indicator 18 is presenitgdt e APERN% i further
wat er supply in block 27 is not necessary ard ranch_may beltaken from
bl ock 26 to bl ock 32 (dashed |ines) which cHedks—the—ater—teyel indicator

and conpares tiekatds,bhagly dBangéd inecotet _ 1 (it eringbeen
ot or mati o st SSHLARERe 26 BRPETATIAE (3l e eBRPvEL dhagest
themselves without departing from the scope of the
invention as defined in the appended claims. The
disclosures and the descriptions herein are purely
illustrative and are not intended to be in any sense
limiting.

The invention consists in the foregoing and also
envisages constructions of which the following gives
examples only.

One preferred form of the invention will now be
described with reference to the accompanying drawings, in
which; '

Figure 1 is a cross sectional elevation of one form of
laundry machine to which the invention is applicable,

Figure 2 is a flow chart of one form of control means
incorporated in the laundry machine of Figure I,

Figure 3 is a flow chart of a further form of céntrol
means,

Figure 4 is a flow chart of a further form of control
means,

Figure 5 is a flow chart of a part of the control means
of Figures 2 to ¢, and

Figures 6 and 7 are graphs of rotational velocity vs
time of the rotatable assembly of the laundry machine of
Figure 1.

Referring to the drawings, Figure 1 illustrates a cross
section of a prefezrred form of laundry machine, a full
description of which appears in published U.S. patesat
specificaticn 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 laundry
machine comgrises a cabinet 1 within which there is a fixed
container 2 and within that contaliner is a rotatable spin
tub 3 and within the spin tub is an agitator 4. an



m croprocessor. |If the correct water |evel has [besas—eached=the=yater off

bleck is returned to at 29, the wash profile iqRﬁPLA@ENﬁQﬂéSHEEE to the

| ook up tables and the wash begins. Al though the in the
spin tub may be sensed before water is added tq tjh -he net hod
previously described, a second method of _determriri | clothes in
the spin tub is to start the washing machine nqgtad $till as

previously described but in addition, substantifally simultaneousljy or
carl | er admi { EhRGrURLAerdhe pchaRLERnEs prwic%mmwé‘_ ) .
velocity of th tor until a prﬁdete m n %f' %iﬁ%w’%eab&ﬁéREd and
t hen neasur|n§“P P¥¢mﬁh%uaﬂ4tﬁGPrt to‘be raise e
washing liquids hereinafter referred to as water enters the
container 1 and such mechanism includes an air chambex
shown generally by the reference 5 and is described in the
said specification. The agitator 4 is driven by an
electronically commutated motor 10, driving a shaft 11
carried in bearings 12. This 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 stator of the motor 10 and such control means
include starting means arranged 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 including sensing means to sense
changes in speed and energy input to said rotatable
assembly are also provided and the sensing means pass
signals indicating these parameters toc 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 chamber in liquid in the container disengaging the
parts of the dog clutch mechanism 13 and also lifts the
spin tub 3 and this is sensed by sensing means. The
washing machine container 2 alsc has an auxiliary washing
liquid level detection means comprising for example a
pressure transducer 18 which provides the control means 15
with é signal indicative of the level of water in the
container 2. -

‘Tt has been found that there are three main methods by
which the control means may detexmine the load in a washing
machine and therxefore control the supply of water or



rotational velocity to drop to zero, as the water is being allowed to enter
t her washi ng contai ner. When a certain known quantity of water is present in
the container, float 5 will rise and the spin tub will be di sconnected from
the agitator such that the spin tub is sitgtionary. As with the first nethod
since the spin tub conprises a significant proportion of the mass of the
rotatabl e assenbly, the inertia of the assenbly will suddenly decrease and

after - 13wddi oyl 2dghea o oehy clead)l whishr paohides titee tiose taken for
effective wash performance.

In each method, the operator places a load e.g. of
clothes in the spin tub 3 and appropriately operates the
manual controls to give a desired wash.

In one form of the invention relating to a first
control method, the control equipment includes a
microprocessor programmed in accordance with a flow chart
shown in Figure 2, and referring to that flow chart, the_
operator operates the appropriate controls in the console
16 such that the microprocessor enters the flow chart at
the start, block 20. The microprocessor causes the
agitator and spin tub to rotate to a suitable speed e.g.
approximately 100 rpm and the supply of power to the motor
is controlled by the microprocessor to provide such a '
speed. Thus a certain amount of energy is imparted to the
motor rotor, spin tub, and agitator which together comprise
the rotatable assembly of the washing 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
assembly correspond to changes in kinetic energy of the
rotatable assembly and clothes load. Therefore if
electrical 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 rctatable
assembly and the load of clothes in the spin tuk. The
changes or rates of change of kinetic energy of the spin
tub and contents are a measure of the mass of '‘clothes
therein. In Figure 2 the load size is ddtermined at block
22 before water is supplied to the washing container.

Referring now to Figure 5 which a £low chart applicable
to all three methods. - This figure i{s a flow chart showing
the steps involved in the preferred form of loadfy
determination according to the present invention.'/
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the rotatable assenbiy to come to a halt will <SgED TVIOCT Sapp 0y a

signifieant tine period. The m croprocessor hagl| e y~4q fli gure
representative of a sufficiently large tinme perj such that, ifi tthe
nmeasured tine period decreases by an anmount whi H& : r{gr eat er
than the value stored in a nenory of the.gicrop : licjopr ocessor
will signal that disconnection of the spin tub fromthe agitator {has
occurred. The armount of water necessary for dis ' r wi ||

vary dependi ng onrhdendtdd 6f 2h?¢fsssideddmiapisntnebcha1n@esnm opr ocessor

nasenbly 1 omFiRebTa anaraay 8 BRe i e et tasasnnee: Pomerin il M6 020 o

cl othes and wmbeorj ndtive shaft, intexconnecting means, spin tub,
agitator and clothes by supplying a minimum amount of
energy to the motor such that the rotatable assembly
approximates a predetermined velocity e.g. 40 xpm. The
motor and motor controls referred to in the specification
are of the same form as those described in the '
specification of our New Zealand patent application No.
2134897213490 filed 16 September 1985, (US Patent
No.4,857,814) which is incorporated herein by reference.
The predetermined velocity is stored in an information
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
means which sense the kinetic energy of the rotatable
assembly and provide signals indicating the mass of the
rotatable assembly and the rotatable contents (clothes
load) therecf to the microprocessor. To enable the
rotatable assembly to reach the predetermined velocity the
pwm period is controlled, effectively controlling the
current input to the motor as it is being commutated so
that the velccity of the rotatable assembly slowly
increases. Referring to Figure 5, the algorithm there
illustrated begins at the start block 50. Power is
supplied to the motor winding stages at block 51, as
descrikbed above. It has been found that supplying a
minimal amount of energy to the rotatable assembly is
"desirable, since large amounts of enexgy 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 monitorad by
the motor controller at block 52. A predetermined motor



machine is known just prior to disconnection. Since the tinme_fromwhen
wat er was first introduced to the container to the tinme at [{HCCh e
RACEMEN hagRnT

di sconnection occurs is a relative neasure of the | oad of i
spin tub depending on the rate of water flow into the nachin?, the™

of the time required to fill the container to a desired wafe 1evels - 6
| ook up table in the mcroprocessor provides a further "waje

Faken fo 11 NERPRECE S ddr TP B e e e
st at ed abov@icupprQﬁﬁsqyn:hsdc§hiﬁowéﬂiﬁﬁﬁ§§;n& r 98 Pﬁéﬂfoﬁ%t agedo0 and
the at block 53 with the instantaneous motox velocity measured

in block 52. When the motor velocity is equal to the

predetermined motgr velocity, power is removed from the

windings and a timer begins at blocks 54 and 55. At this

stage the motor velocity is still being measurxed. After

power is removed from the wihdings the motor speed will

m croprocessor may now refer to a Iook_gp table in order t 1[ﬁiifdr;—::r:gr’r'

o 1 - W
on the tine

gradually decrease until it eventually stops. The point at
which the motor velocity reaches zero is determined at
block 56 and at this point the timer is stopped at block 57
and the elapsed time is stored in the memory of the
microprocessor. This cycle is repeated, the motor being
energised and de energized intermittently.

Referring now to Figure 6 a graph of velocity vs time
is shown, the origin representing 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
represents the predetermined velocity and the point 59 on
the horizontal 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 the motox control system
such that the predetermined velocity is maintained. The
period for which this is maintained is shown as the time
between points 5% and 60 in Figure 6. The points 59 and 60
could be substantially coincidental. The metor is then
turned off at time 60 and allowed to ccast. As soon as
power is removed from the metor windings a timer is
activated in the microprocéssor and the back emf induced in
the motor windings or the output of hall effect sensors
mounted on the stator is menitored, sc that the speed of
rotaticn of the motor is known. When the rotatable
assembiy‘stcps rotating the timer in the miczoprecessor
records the time taken for the motor to decelerate to
zero. This time may be for exawple, time 61 or 62 shown in



m croprocessor causes the valve 17 to be openiﬁﬁ&%ﬂaﬁﬁEﬂ
ont bl ock 21. Before | oad neasurenent begins the™
slowy such that the outlet of valve 17 spray$

the "water
r ot at ed

.he cl ot hes

in the container in order to ensure that  the
before | oad measurement begins. In addi t?on s of

3
<
5

from bl ock 35, such slom/stlr |ncludes accel erati on and |[decel erati on

sequences. durd it chnd N85S 248 8 WrdAr AT T BRLA s 14

the rotatable assembly. For example, if there is a large
mass of clothes in the spin tub then the inertia of the
rotatable assembly will be greater and the time taken fox~
_ the rotational velocity of the rotatable assembly to reach
zero will be significantly longer than the time taken if
the spin tub had no clothes therein, for example. Since at
this point in the wash cycle the agitator and spin tub arxe
interconnected and the inertia of this apparatus is
constant, the only factor which will change the time 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 reading 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 look up
tables in the memoxy of the microprocessor which provide
the control system with an indication of the lcad of
clothes in the machine and therefore the water level which
will be required for the wash routine for that lcad to
commence. Once the appropriate water level is kncwn by the
control system the wash profile of agitation stroke time,
desired speed of rotation and accsleration is selected in
accordance with the specification of out New Zealand patent
- arplication N0.213489/213490.

Although in this form of the invention load measuring
may be carried out with the load of clcthes dry, the
acturacy of load measurements may also be incxzeased by
dampening the clothes before taking the measurements. Such



speed changes and the mass of the | oad can REh
whi ch sense the changes in kinetic energy overyra
bet ween predeterm ned speeds. As expl ai ned abagve
5 and 6, signals indicating the changes in kjneti ttren passed
fromblock 36. The spin tub and the agitgf.or| ate-.ca - ‘'odet her by the
mechani sm 13 and initially a relatively largk inertiais presgnt in the
associ ated spin. tub agitator and | oad of cl éthes—Fhis Tnertia i s nmeasured

for exanpl e @smperiiayde eXfkbBeli By CPCEAVInD amd Bpipawes ¢hewlye-diiler is
cut off and allowed to slo go Zero. s fgd S ey qsl ede crltﬁ? w.lhe
vat er | evel ??Fﬁl},:ﬁ‘%&ﬁtﬁrn F Wn&gﬁa%‘ég, 'Emafl hve ﬁ'l og)é 5 the & spin
tub upwardl yin 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 signal from the "water on" block 23. Slow

stirring with reversals or with intermittent supply of

power is carried on at block 24 as has been described

ahove. At this point the load comprises clothes and

water. The change in kinetic energy is continuously

checked as shown by the circuit 25 containing the slow stir

routine at 24. The declutch and disconnection of the

agitator 4 from the spin tub 3 is detected by the air

chamber or float 5 interrogation at 26. The spin tub and

AilEéhsi ng neans
I fg timer or
e to Figures

the agitator are connected together by the mechanism 13 and
injitially a relatively large inertia is present in the
associated spin tub agitator and load of clothes. The
inertia of the rotatable assembly and load is measured as a
change in kinetic energy when the power to the motor is cut
off and the motor is allowed to slow to zero speed after
being maintained at a predetermined velocity as described
above. The water level in the container increases until
the float S floats the spin tub upwardly in a manner such
as to disconnect the interconnecting means between the
agitator and the spin tub. When this disconnection occurs
there is a sudden decrease in the inerxtia of the rotatable
assembly which is detected by the sensing means. Referring
again to Figure 6, the disconnsction is seen by the sensing
means as a sudden decrease in the time taken for the
rotatable assembly to decelerate from the predetermined
velocity to zerc. The time taken for the rotatabls
assembly to decelerate after disconnection may for example'
be only one tenth that taken prior to disconnection. Thus
the time between points 60 and 62 in Figure 6 may representc
the time taken for the rotatable assembly to decelerate
when the spin tub and agitator are interconnected and the
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indication provided to the sensing means that disconnection
has occurred.

It should bé 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 clothes therein. The
change in the time required to accelerate the rotatable
assembly is not shown in Figure 6 in-order to simplify the
diagram.

Referring now to Figure 7, the time required for the
rotatable assembly of clothes load to reach the
predetermined velocity S8 prior to disconnection is the
time between the origin 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. Again the disconnection of the spin tub from the
agitator is sensed, the signal change 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 for simplicity.

Thus when declutching occurs a further timer commences
operation, allowing the water supply to remain on for a
desired water on overrun time, which is either a
predetermined period, or is of say 10-20% of the time to
£ill the container 2 to declutch. The watser on overrun
time is operated in block 27 and when that time has elapsed
at block 28 the "water off" signal operatss at 29 causing
valve 17 to close. The load measured from block 22
indicates the washing profile at block 30 and washing
started at block 31. The washing profile control is
described in the specification of our New Zealand patent
application Na. 213489/213420.

Thus in this first method the water level is determ;ned
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which is either a proportion of the time to £ill to
declutching or a fixed further period of time dependent on
the sensed load in the machine. '

Referring again to Figure 1, water pressure indicator
l8senses 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 time 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 compares 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 23, the wash
profile is set by reference to the look up tables and the
wash 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 stand still as previously described
but in addition, substantially simultaneously or earlier
admitting water to the container, increasing the rotational
velocity of the motor up until a predetermined wvslocity is
obtained and then measuring the time taken for the
rotational velocity to drep to zerzo, as the water is being
allowed to enter the washing container. When a certain
known quantity of water is present in the container, float
'S will rise and the spin tub will be disconnected from the
agitator such that the spin tub is stationary. As with the
first method since the spin tub comprises a significant
prepertion of the mass of the rotatable assembly, the
inertia of the assembly will suddenly decrease and after
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di sconnect i O Hy rdeakbtl! Akdid P I dod to a halt will suddenly
decrease by a significant time period. The microprocessor
has in its memory a figuxe representative of a sufficiently
large time period such that if the measured time period
decreases by ad amount which is equal to or greater than
the value stored in a memory of the microprocessor, the
microprocessor will signal that disconnection of the spin
tub from the agitator has occurred. The amount of water
necessary for disconnection to occur will vary depending 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
disconnection. 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 depending on
the rate of watex flow into the machine, the microprocessor
may now refer to a look up table in order to obtain a value
of the time required to £ill 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 percentage overxrun time based on the time taken.

to £ill the container to declutch.

In the routine of Figure 3, as stated above, operating

the controls causes a routine tc start at zo'and the

microprocesscr causes the valve 17 to be opened by a signal
from the "water on" block 21. Before lcad measurement
begins the spin tub may be rotated slowly such that the
outlet of valve 17 sprays water aon top of the clothes in

the container in order to ensure that the clothes are

uniformly wet before load measursment begins. In addition
slew stirring is commenced by a signal from block 35, such

slow stir includes acceleration and decsleration sequences
during which there are changes in kinetic energy and the
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speeds. As explained above with reference to Figures § 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 power to
the motor is cut off 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 to disconnect the interconnecting 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 to be
passed by block 36 indicating that disconnection has
occurred as indicatsd by the block 38. 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 clothes 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 thersfore the time between turning the water
valve "on" and disconnection is alsc an indication of the
load of clothes in the container. Since the water level at
disconnection is known frem 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 nct present the mass of the clothes load
and the desired washing water level may be calculated by
the contrcl means eg. by the look up tables in the
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3 the rOUtineaétégéé%ﬂﬂécgkgﬁkagg gfgthes load is known and the total |
load of water and clothes is known at disconnection. The
6perator will have selected a desired degree of
vigorousness of wash and this vigorousness is affected by
the momentum of the spin tub, agitator, clothes and water
contained at the declutch level. Accordingly a desired
rotary stroke of the agitator during washing is set up
according to the momentum figure stored in block 42 as is
described in New Zealand patent specification No.
213489/213490.

Once disconnection or declutching has occurred
according to signals from block 36, (and the timing of such
disconnection depends on the size of the clothes load) the
microprocessor continues to check the load which is still
influenced by the £illing 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 determined the water level at
disconnection. Knowing the water level 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 determine
the desired water level. The water level may then be
monitored by checking the pressure indicator at bleck 39.
Also, once the time to declutch is known the corzect water
level may be reached by timing the further water supply as
shown in the block 44 with dashed lines, this time being an
empirically decided percentage overzun time from the time
taken for declutch to oczur. When the corrsct water level
" has been reached in block 45 the waver valve 17 is turned
off .in block 41 and the wash begins in block 43.
Referring now to Fiqure 4, a third method of
determining the load in the washing machine is shown. As
with Figqures 2 and 3 the routine starts at block 20 and



-16- water is turned on at block 21. The slow stiT-WMtdenehahin--n—speed of
the rotatable assenbly and correspondi ng chang‘ K - '

described with reference to Figures 5 and 6 istihitiated inp., ck 58. The
| oad nmeasurenent is updated in block 59 and dedl t chisBCT K tecled in

bl ock 60. When the water is turned on in block {21 and bgLQLe—%he sl ow stir
begins in block 58 the spin tub is rotatad-sl o -
that the water com ng in through valve 17 is sp}ayed othes in
the spin tub to ensure that the clothes are substantially uniforny et
before | oad méakrr deerusnadeonaktnblagiu2l. The slow stir with changes

in speed of the rotatable assembly and corresponding
changes in kinetic énergy as described with reference to
Figures $ and 6 is initiated in block 58. The load
measurement is u?dated in block 59 and declutching is
detected in block 60. When the water is turned on in block
21 and before the slow stir begins in block 58 the spin tub
is rotated slowly for a brief period so that the water
coming in through valve 17 is sprayed onto the clothes in
the spin tub to ensure that the clothes are substantially
uniformly wet before load measurements are taken. Thus
initially, there are wet clothes about the agitator and
between the agitator and the walls of the spin tub., When
disconnection occurs there will be some water in the
container 2 and there will still be clothes between the
aéitator and the spin tub such that the agitator movement
is restricted by the clothes. As more water is inﬁroduced
into the container, the clothes in the spin tub will begin
to float free from the agitator and thus the increased
water in the container reduces the friction between the
agitator and the walls of the spin tub. Therxefors if the
agitator is rotated to a certain low velocity and power is
removed from the motor, allowing the motor and agitator to
coast, the time taken for the agitator to reach zero
velocity will gradually increase as more water is

introduced into the container. Therefors the measurements
that began as measurements of the mass of the rotatable
assembly, clothes and water before disconnection become
measurements of the friction between the agitator and spin
tub due to the clothes and water in the container. Thes=
measurements may also be thought of as measurements of the
"viscesity" of the mixture of clothes and water in the
washing container., When the time taken for the agitator to
reach zero velacity is sufficiently long then the optimum
water lavel has been reached for good wash performance.
The load measurement on the agitator is compared with the
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load measurement is satisfactory the water valve 17 is
switched off at block 6§2. The load measurement obtained in
block 53 may be passed to block 63 to give 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 determined.
The wash then begins in block 64.

After the washing container has been filled to the
desired level and before the wash begins 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 of strckes in order
to expel the air trapped in the clothes in the spin tub.
Once the air is removed the water valve 17 is turned on
again in oxder to refill the water container 2 to the
desiresd level.

From the foregeing it will be seen that methods of
previding an optimum water level for a load of clothes in a
washing machine are provided which are performed
autcomatically by the machine without any necessary

ratTtor

- r

information c¢r decisions being surplied by the ope
other than decisions regarding vigourousness of wash.

The features disclosed in the foregbing description, -
in the following claims and/or in the accompanying drawings
may, both separately and in any combination thereof, be
material for realising the invention.in diverse forms

therect.
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CLAIMS:

L A method of providing a desired level of washing liquid in & laundry
machine having a cabinet (1), & washing container (2) within said cabinet, 2

5 rotatable assembly (3, 4, 10, 11) having a spin tub (3) within said container (2) and
an Agitator (4) within said spin tub, a motor (10) driving said agitator (4) conjointly
with said spin tub (3) or separately on disconnection of said spin tub from said
agitator as required, and washing liquid level control means (15, 16, 17) to cantrol
washing liquid level 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 energizing said motor (10) intermittently to produce
changes in the rotational speed of said rotatable assembly (3, 4, 10, 11) as washing
liquid is being supplied to said container (2); sensing the changes in speed of said
rotatable assembly relative to energy input to said motor with a sensing means (19);

15 said method being characterised in that signals indicative of the resistance

" ta rotation of said agitator (4) are passed to said control means (15, 16, 17) which
resistance to rotation is & measure of the viscosity of the mixture of clothes and --
washing liquid in said container; '

comparing the viscosity of said mixture with a desired viscosity;

20 - and further characterised in that the supply of further washing liquid to said
container is controlled with said control means untl said viscosity is equal to said
desired viscasity to provide said desired level of washing Hquid;

and causing continuous washing action to commence when said desired level
is reached.

25
Z . Amethad as claimed in claim 1 and further comprising:

determining the point of disconnection of said spin tub (3) from said agitaror
(4) by passing signals indicative of the total rotating mass of said rotatable assembly
(3: 4, 10, 11) including the washing Hquid in said container and the clothes in said
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3. A method as claimed in claim 1 wherein: .

5 sensing said resistance to rotation of said agitator comprises controlling the
supply of power to said motor (10) with said control means (1, 16, 17) so that said
agitator (4) is accelerated to a desired rotational velacity, 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 rcpeating said steps to obrain further time
measurements as required.

4 A method as claimed in any ane 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 accslerated to a desired rotational
velocity, removing power from the motor (10), measuring the time taken for the
rotatable assembly to attain zero rotational velocity, said time indicating total
rotating mass, passing said time to said control means as said signal, and repcatmg
20 said steps to obtain further time measurements as required,

5. A mecthod as claimed in any one of claims 1 to 4 wherein:
the step of sensing said resistance to rotation of said agitator (4) comprises
controlling the supply of power to said motor (10) with said control means (15, 16,
25 17) so that said agitator (4) is accelerated ta a desired rotational velocity, measuring
the time taken for said agitator to attain said desired velacity, said time indicating
said viscosiry, 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 claimed in any one of claims 1 to 5 whersin:
—_\»—_‘ | ' : the step of sensing said total mtamg mass of said rorarable assembly (3, 4,
REPLACEMENT SHEET|10, 11) comprises conwolling the supply of power to said motor (10) with said
ST control means so that said rotatabie assembly is accelerated to 2 desired rotational

25 001 ¢
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5

7. Amethod as claimed in any one of claims 1 to 6 and further comprising:
the step.of using signals passed to said control means (15, 16, 17) from said
sensing means '(19) at the time of disconnection to determine the mass of the load
of clothes-,'sto;ing information of the mass of the load of clothes in information
10 storage means (15, 19) and using the stored information to provide routines selected
from giving an indication of a wash profile of agitation stroke times, desired speed

of rotation and acccleration requested for the sensed selected load of clothes to be
washed and to control the washing routine to give a desired'degrec of wash to the

clothes.
15 .
8  Amethod as claimed in any one of claims 1 ta 7, and further comprising:
the step of rotating said container (Z) 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 motor. |

9. A method 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 predetermined time
after said control means (15, 16, 17) have supplied washing liquid to said container

25 (2) to said desired level; stopping said gentle wash agitation; detecting the washing
liquid Jevel in said comainer; and if said washing liquid level is below said desired
level, supplying further washing liquid to said container so that said washing liquid
level becomes said desired level, and when said washing liquid is at said desired
level; causing continuous washing action to0 commencs.

30. A laundry mach:’.nc comprising:
e a cabinet (1); a washing container (2) with said cabinet; a roratable
2 50CT 1996 mbly comprising 2 spin tub (3) within said container and an agitator (4) within
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sai; spin tub; a motor (10) driving said agitator (4) conjointly with said spin tub (3)
or scparately 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
response to signals passed by said sensing means to said control means, the
construction and arrangement being such that said control means (15, 16, 17)
encrgize said motor (10) intermittently to sense the resistance to rotation of said

10 agitator relative to energy fnput to said motor after sensing said disconnection,
charactetised in that said control means: recsive signals indicative of the
resistance to rotation of said agitator (4) from said sensing means (19) which signals
are 2 measure of the viscosity of the mixture of clothes and washing liquid in said
container (2), compare the viscosity of said mixture with a desired viscosity, control
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 is reached.

11 A laundry machine as claimed in claim 10 wherein;
20 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 rotating mass of said rotatable assembly (3, 4, 10, 11)
including the washing liquid in said container and the clothes in said spin wb from
the sensing means, and detecting a sudden change in said total rotating mass.

o

12, A laundry machine as claimed in claim 10 wherein:

said conmrol means (13, 16, 17) further comprise means for sensing said

resistance to rowdon of said agitator by controlling the supply of power to said
motor (10) so that said agitator (4) is accelerated té a desired rotational velocity,

30  remaving power from the motor (10), measuring the time taken for the agitator (4)
to attain zero rotationaf velocity, said time indicating said resistance to rotadon, and
passing said time to said control meas (15, 26, 17) as said signal.
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on di sconnection of said spin tub fromsaid agitator as required, and
washing liquid | evel control nmeans (15, 165‘17) to control washing Iiquid

| evel in said h|ng nt.ai ner, the net od co a .l oad of
clothes in said ‘pln“i‘ﬁ‘fl& ?l\’ﬂet?'sa‘il% %i%&sv@ dgq g% d to
sai d container (2) a"sﬁ:d%ﬁ&ﬂl'xﬁédiﬂgﬂﬁl 1 ex(édiﬂ ris8 ofahd fob si@ tgrapduce
changes in the rotational speed of said Totatabl e assenbly (3, 4, 10, 11)

as washi ng | i quirerating massef ssidhistatable mesembiyc(3e hridailikby ¢onfroling the supniniof
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5  velocity, removing power from the motor (10), measuring the time taken for the
agitator to attain Zero rotational velocity, said time indicating said resistance to
rotation, and passing said time to said control means as said signal.

14, Alaundry machine as claimed in anyone of claims 10 to 13 wherein:

10 said control means (15, 16, 17) further comprising means for sensing said
resistance to rotatioﬂ of said agitator (4) by controlling the supply of power to said
motor (10) so that said agitator is accelerated to a desired rotational velocity,
measuring the time taken for the agitator to attain said timer indicating said
resistance to rotation, and passing said time to said control means as said signal

15. A laundry machine as claimed in any one of claims 10 to 14 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 (10) so that said rotatable assembly is accelerated to a desired
20  rotational velocity, measuring the time taken for the rotatable assembly to artain
said desired velocity, said timer indicating said total rotating mass, and passing said
time t0 said control means as said signal.

16. A laundry machine as claimed in any one of claims 10 to 15 and further

25  comprising; . _

information storage means (15, 19) for storing of information of the mass

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

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

 information to provide routines selected from giving an indication of a wash pmﬁlé

30  oragitation stroke times, desired speed of rotation and acceleration requu'ed for the
sensed selected load of clothes to be washed

give a desired degree of wash to the clothes. |

This Sheet Has Been Reﬂlaced




sai d nmet hod being characterised in that signals indicative of the
resi stamce to rotation of said agitator (4) are passed to said controt-
means (15, 16, 17) which resistance to rotation is a
viscosity of the m xture of clothes and washi ng quu”mmmﬂgml“mrlmner;
conparing the viscosity of said mxture with a desireti visgosimys a
further characterised in that the supply of further washing liquid to said
container is controlled with said control nmeans until said viscosity is
equal to said desired viscosity to provide said desired | evel of washing
liquid; and causing continuous washi ng acti-th-to commence when said desired
| evel 1s reached. 2. A nmethod as claiped in claim1 and further
conprising: deter M ni né Bardrp Raching s ¢lalmerh Foddy eRe 8f clamsqll s #%f’%@ﬁr
fromsaid agitat Oﬁonéégs' y passing signals indicative of the total rotating
e

mass of said rotata ssenbly
means for rotating said container (2) slowly in one direction and supplying

a desired quantty of washing ﬁQuid to said container before energizing said motor

12/}

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

energization of said motor.

18. A laundry machine as claimed in any one of claims 10 to 17 and further
comprising: '

10 means for commeneing a gentle wash agitation of the clothes for a
predetermined 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 container; 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 washing liquid is at said desired

level, causing continuous washing action to commencs,

TT 25001 %% \
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(3, 4, 10, 11) including the washing liquid in said container and the

clothes in said

D B
©

means; and detectl'

—~spin-tub.from said sensing neans to said control
] .-,_=eF|n said total rotating mass. 3. A
. sensing said resistance to rotation

ng the supply of power to said notor
5, 17) sQ hat'sard agitator (4) is
velocitﬁ, Bng power fromthe notor

10 nmeasuring the k-re—takem T0r fhe agitat (4) attain z
9 .

rotatlonal vel oci th

gating said viscosit pa n aid HIHE

to said control neans
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(15, 16,7 17) as said signal and repeating said steps to obtain furt E
nmeasurerrents as required. 4. A nethod as clained in any; .'1 Tat, 3

to 3 wherein: the step of sensing said total rotating masg?*¢ 1N Tg
rotatable assenbly (3, 4, 10, 11) conprises controlling tHe supply of POV & .
to said notor (10) with said control means so that said rqt3tappesy I :
Is accelerated to a desired rotational velocity, renDV|ng pjmer fromthe
not or (10), neasd?{ﬂ@ the tinme taken for the rota '
zero rotational vetoeTTy, said tine indicating ]
said time to said control neans as said 2

gt 4 repeating said steps to
obtain further tine neasurenents as requir®TR™D. A nethod a clained in
any one of clainms 1 to 4 wherein: the step—e

. ensing sé2d resistance to
rotation of said agitator (4) conprises cont OII':EL}ﬁ% supply of power to
said notor (10) with said control neang

ot ating mass, passing
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17) so that said agitator (4) is accelerated to a desired rotational ——
velocity, nmeasuring the time taken for said agitator t -ﬁt@cﬁmmﬂg?i {‘“‘ired
vélocity, said tine indicating said viscosity, passingveaittigel taiie
control neans as said signal, and repeating said steps {o obtain fur
time neasurenets as requitred. 6. A et hod as cl ai ,j—ﬁhsﬁﬁﬂﬁﬁﬁga% .
clains 1 to 5 wherein: the step of sensing said total {rptating mass df |said
rotatable assenbly (3, 4, 10, 11) conprises controllihg the supply of power
to said notor (10) with said control neans izqnhat sal. :

is accelerated to a desired rotational -

vel ocitTy, neasuring the
tinme taken for the rotatable assenbly to attailnh said desired
20
START
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velocity, said tine indicating said total rotating nmass, passing said tine
to said-*ontrol neans (15, 16, 17) as said signal, and fEpeati-ag |

to obtain further tinme nmeasurenents as required. 7.

in any one of clains 1 to 6 and further conprising: th
signals passed to said control nmeans (15,16,17) from sai
(19) at the tinme of disconnection to determ ne the nmas$
clothes, storing information of the nass of tEe | oad o

i nformati on storage neans (15,19) and using e stored|{nformation to J
provi de routi elrected fromgiving an in ti of a A Protikemall
agitation strgiggzLégs, desired speed of rotatig qg%d accel eration
requested for the sensed selected If6ad o #thes to be washed and to
control the washing routine to giva adtRi r £d degree of wash to the

cl ot hes. 8. A nmet hod as cl ainmed | y—0ne of clﬁins 1 to 7, and further

conpri si ng: . /////
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the step of rotating said spin tub (2) slowy in one direction and

supplying a desired quantity of washing liquid to said s

energi zing said notor (10) so that said | oad of clothes j's4daygi- T

intermttent energization of said notor. 9. A et hod clained in enx

one of clains 1 to 8 and further conprising the step of -Gig sEert

wash agitation of the clothes for a predetermned tine tier said contrd

means (15, 16, 17) have supplied washing liquid to said jcon

said desired Ieveugliéogging said gentle wash agitation;_detecting the
lt\Dn

—_—

washing liquid le aid container; and if sdid washing [iqui S
bel ow said desired | evel, suppling further was P 5Quid to said container
so that said washing liquid | evel becone aid desired | evel, and when said
washing liquid is at said desired |evel{ s §9 continuous washing action
to commence. 10. . A laundry machi ne  ng:
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a cabinet (1); a washing container (2) with said cabinet; - a rotatable
assenbl.y conprising a spin tub (3) within said container and an agitator
(4) within - 21 - said spin tub; a notor (10) driving said agitator (4)
conjointly with said spin tub (3) or separately on disconnection of said
spin tub fromsaid agitator as required; control rreanW
nmeans (19) to sense the changes in speed of said rot "%au. e—as 4,
10, 11) including the nass of clothes load in said aBi Mﬁfﬁ Ello

energy input to said notor (10); and washi l'iquid evel control s—
(15, 16, 17) arranged to control washing leifquid | eve] = 'ngg

container in resﬁﬁieéo signal s passed by{s& d sens ns to sal d
control neans, t _
L_____________,.,.,..__

VA

89 60 61 62 t




construction and arrangenent being such that said control neans (15, 16,
17) »energi ze said notor (10) intermttently to sense the resistance to
rotation of said agitator relative to energy input to said notor after
sensing said di sconnection, characterised in that said control mneans;
recei ve signals indicative of the resistance to rotation of said agitator
(4) fromsaid sensing neans (19) which signals are a neasure of the
viscosity of the m xture of clothes and washing liquid in said container
(2), conpare the viscosity of said m xture with a desired viscosity, -
control the supply of rhpfdvaféntdashidiOrbidtihg doOrSdiady GRih&hEr until said
viscosity is equal to saifh/88MetRsis’ ol C@HekY11lig ¥HaVELR sai d desired |evel
of washing liquid and cause continuous washing action.to commence when said

desired level is reached. 11. - A |auggdiyJgaghine as clainmed in claim10
wherein; said control neans (15, 16, 1 r conprises neans for
determ ning the point of disconnection of said spin tub fromsaid agitator

by receiving siggahSthod of providing a desired water level in a
laundry machine by energising the motor(10) of the machine
intermittently to produce changes in velocity of the spin
tﬁb(3),'agitator(4) and load of clothes in the spin'tub(B).

The changes in velocity are measured and from the
measurements the mass of the load of clothes is determined
by control means (15, 16, 17). A desired volume of water
necessary for an optimum wash of the load of clothes is
then determined and this volume of water is admitted to the
washing containex(2) of the laundry machine(l).

(FIGURE 1 IS SUGGUESTED FOR PUBLICATION)
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‘indicative of the total rotating mass of said rotatable assenbly (3, #%%g ==
113 ~i nétudi ng the washing liquid in said container and the clothes in said
spin tub from sing neans, and detecting a sudden change in said

total rotatingREEACTAER undry machi ne as gtarm C-r-ra-L0

wherein: said|fc ?&9 & 16, 17) further E j)ﬁrﬂ%ﬁ@‘ﬁéﬁﬁﬁénsim
"said resistandefto,rotation of $aid agitator by do f@f’f’.‘irfﬂﬁ’ﬁnﬁﬁég%ppkypaged .....
pover to said|mptof 8(MAR 1887 t ha] sai d =d8tator (3) s}"é%‘s"‘él er peged .Fotoapaged 23,
desired rotatfo locity, fepoving power fromjtl o HOV'BE(s) 103gednearupigg
the time takep for the agitaror] (4) to attain zero™roP#tacbnat pagekioci foypaged
said time ind ' | esi tancetorotation,j and passing said tine to
said control neans (15, 26, 17) as said signal. ; DAVE OF RECEIPT 713

CLAIMS:

3

1 A method of providing a desired level of washing liquid in a laundry
machine having a cabinet (1), a washing container (2) within said cabinet, a
rotatable assembly (3, 4, 10, 11) having a spin tub (3) within said container (2) and
an agitator (4) within said spin tub, a motor (10) driving said agitator (4) conjointly
with said spin tub (3) or separately on disconnection of said spin tub from said
agitator as required, and washing liquid level control means (15, 16, 17) to control
washing liquid level in said washing container, the method comprising:

placing a load of clothes in said spin tub (3); injtiating the supply of washing
liquid ta said container (2) and energizing said motor (10) intermittently to produce
changes in the rotational speed of said rotatable assembly (3, 4, 10, 11) as washing
Hquid is being supplied to said container. (2); sensing the changes in speed of said -
rotatable assembly relative to energy input to said motor with a sensing means (19);

said method being characterised in that signals indicative of the resistance
to rotation of said agitatar (4) are passed to said control means (15, 16, 17) which
resistance to rotation is a measure of the viscosity of the mixrure of clothes and -
washing liquid in said container;

comparing the viscosity of said mixture with a desired viscasity;

and further characterised in that the supply of further washing liquid to said
container is controlled with said cantrol means until said viscosity is equal to said
desired viscosity to provide said desired level of washing liquid;

and causing continuous washing action to commences when said desired level

 Is reached.

2 A methad as claimed in claim 1 and further comprising:
det=rmining the point of disconnection of said spin tub (3) from said agirator
(4) by passing signals indicative of the total rotating mass of said rotatable assembly
(3, 4, 10, 11) including the washing iquid in said container and the clothes in said

T




- 22 - 13. A laundry machine as clainmed in an WMMM&{B@tO 12
wheérein: said control neans (15, 16,17) further jcdnpri s€ mean o sensing
said total rotating mass of said rotatable asse Q%M: ,%. 1} by
controlling the supply of power to said notor sq tjhat sal it@ater (4) is
accelerated to a desired rotational velogity, r g Pev t he not or
(10), nmeasuring the tine taken for the—ig-i-kator to attain zero rogational

vel ocity, saj t'gw P ndis ' ' ' 0 | e | ng
said time to ai'g cont ?%P%%eaﬁsﬁggﬂs{gﬁé@%ﬂr}gﬁﬁgﬁs’B‘E&gggg‘ﬁ%gy‘@r&ac i ne as
cl ai med i n achanpadn sdidcotal ratati® mass13 wherein: said control neans (15, 16,
17) further conprising neans for sensing said resistance to rotation of
said agitator (4) by controlling the supply of power to said notor (10) so

that sai d agps at orA infetBsd 8 €aigieddn cRi8 10WBéreRe rotational velocity,

measuring the tine taken for the agitator to attain said tinmer indicating

sai d sensing said resistance to rotation of said agitator comprises controlling the
supply of power to said mator (10) with said control means (15, 16, 17) so that said
agitator (4) is aceelerated 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 -
(15, 16, 17) as said signal and repeating said steps to obtain further time
measurements as required.

4  Anmethod as claimed in any one of claims 1 to 3 wherein:

the step of sensing said total rotating mass of said rotatable assembly (3, 4,
10, 11) comprises controlling the supply of power to said mator (10) with said
control means so that said rotatable assembly is accelerated to a desired rotatonal
velocity, removing power from the motor (10), measuring the time taken for the
rotatable assembly to attain zero rotational velocity, said time indicating toral
rotating mass, passing said time to said control means as said signal, and repeating
said steps to obtain further time measurements as required.

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

the step of sensing said resistance to rotation of said agjtator (4) comprises
controfling the supply of power to said motor (10) with said control means (15, 16,
17) so that said agitator (4) is accelerated to a desired rotational velocity, measuring
the time taken for said agitator to attain said desired velaciry, said time indicating
said viscosiry, passing said time to said control means as said signal, and repeating
said steps to obtain further time measurements as required.

6 A method as claimed in any one of claims 1 to § wherein: -
the step of sensing said total rotating mass of said rotarable assembly (3, 4,
10, 11) comprises conmelling the supply of power to said motor (10) with said
conrrol means so that said rotatable assembly is accelerated to 2 desired rocational
-

(T .

.
>,
.



resistance to rotation, —and p.abbi ng said time to said control neans as said
si gnal . 15. . hine as clained in any one of ¢taas

wherein: said @.;Js%@&' heheah e % 16,17) further conprise L aHES BHEETSﬁ;qgl e
said total rot aq)ﬂﬂlli ﬂ:m idrotatable assembly (3, 4, 10, RFEp) aby
controlling the r to said notor (10) so that Sard—+et+s
assenbly is accelerated to a desired tQd@tjonal velocity, neasuring the

time taken ' ' iLed . i;ty, said
i mer | ni caeioaty Bicighe Sofuittel el bty PRI BedfY' Y.
control mnearveloaity, saiddtime gndikadnf6said total rorating mass; (passing said | timereol said any one
of clainms 10 to 15 an rther canprisi ng; _infarmation storage .means (15,
70 “for st ofPHEOLReAR st 18 157 S8 Pl B repethelSaid Hap to Qi s
responsi ve e s bRt 85 R g to said control nmeans from said sensing
means (19) at the tinme of disconnection and using the stored

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 (15, 16, 17) from said
sensing means (19) at the time of disconnection to determine the mass of the load
of clothes, storing information of the mass of the load of clothes in information
storage means (15, 19) and using the stored information to provide routines selected
from giving an indication of a wash profile of agitation stroke times, desired speed
of rotation and acceleration requested for the sensed selected load of clathes to be
washed and to control the washing routine to give a desired degree of wash to the
clothes.

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 ntermittent energization of said
mortor.

9. A method as claimed in any one of claims 1 to 8 and further comprising the
sfep of commencing a gentle wash agitation of the clothes for a predetenmined time
after said control means (15, 16, 17) have supplied washing liquid to said container
(2) to said desired level; stopping said gentle wash agitation; detecting the washing
Hquid level in said container; and if said washing liquid level is below said desired
level, supplying further washing liquid to said container so that said washing liquid
level becomes said desixed level, and when said washing liquid is at said desired
level, causing continugus washing action to commencs.

10. A lanndry machine comprising:
’ - a cabinet (1); a washing container (2) with said cabinet: a rotatable
REPLACEMENT SEgT) " C*oioet (17 2 wasting comaimer (2) itk 5 8 o=
————-~--~gssamijly comprising a spin tub (3) within said container and an agitator (4) within
18 MAR 199:7
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i nformation to provide routines selected from QE?LRQEMEN]nS'

wash profile or agitation stroke tines, desire¢dyrspeea—o+

oot

L

accel eration required for the sensed sel ected|l ¢ad of clothes

and to control the washing routine to give a desir

(0]

cl ot hes. -23- 17. A laundry machine as cllailned jn_any on

to 16 and further conprising: neans for {Q_tati.ng said spin tu

in one direction and supplying a desi r'-'ea-q-uan

o

it

on of a

bn and

b be washed
vash to the
of clainms 10
(2) slowy

Lquid to said

spin tub before energizing said notor (10) intermttently so that said | oad

of clothes isaidipimptubpa saator (30):doining said agitator (4) conjointly with said spin tub (3)

or scparately 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
relative to energy input to said motor (10); and washing Equid level contral means
(15, 16, 17) arranged to control washing liquid level in said washing container in
response to sighals passed by said sensing means to said countrol means, the
construction and arrangement being such that said control means (15, 16, 17)
energize said motor (10) intermittently to sense the resistance to rotation of said
agitator relative to energy input to said motor after sensing said disconnection, .
charactarised in that said control means: receive signals indicative of the
resistancs to rotation of said agitator (4) from said sensing means (19) which signals
are a2 measure of the viscosity of the mixture of clothes and washing liquid in said
comtainer (2), compare the viscosity of said mixrure with a desired viscasity, control
the supply of further washing liquid to said container until said viscosity is equal to
said desired viscasity to provide said desired level of washing liquid and cause
continugus washing action to commence when said desired level is reached.

1L A laundry machine as claimed in claim 10 wherein;

said control means (13, 16, 17) further comprises means for determining the
point of disconnection of said spin tub from said agitator by receiving signals
indicative of the tomal rotating mass of said rotatable assembly (3, 4, 10, 11)
including the washing liquid in said container and the clothes in said spin tub from
the sensing means, and detecting 2 sudden change in said total rotating mass.

12. A laundry machine as claimed in claim 10 whersin: _

said conmrol means (15, 16, 17) further comprise means for sensing said
resistance to rowdon of said agitator by controlling the supply of power to said
motor (10) so that said agirator (4) is accelerated 6 a desired rotational velocity,'
removing power from the motor (10), measuring the time taken for the agitaror (4)
to attain zero rotational velocity, said time indicating said resistancs to rotadon, and
passing said time to said cantrol meags (15, 26, 17) as said signal

L




energi zation of said notor. 18 A laundry ng q@ﬁ,
of clainms 10 to 17 and furter conprising: nmean (]Hﬂ' ol

-

G o, o

wash agitation of the clothes for a predetermped tine after daijd washi ng

l'iquid has been supplied to said container (2)|tp g8 fiasemgyed llevel ;
stopping said gentle wash agitation; detectingthe washing |idquijd | evel
said container; and if said washing liquild_|evel TS Derowsard desired
| evel supplying further washing |iqui dt©—=aidf contai ner so that}] said

washing |iquiz | eachuRey @iREnS 3 dadied meﬂxcy@eeéﬁdﬁﬂﬂ 108 2SAede2s hi ng

liquid is at said desired |evel, causin ontinuous washing action to
comrence. said control meaus (15, 16, 17) further comprise meaxns for sensing said total

rotating mass of said rotatable assembly (3, 4, 10, 11) by controlling the supply of
power to said motar so thar said agitator (4) is accelerated to a desired rotational
velocity, removing power from the motor (10), measuring the time taken for the
agitator to attain zero rotatiogal velocity, said time indicating said resistance to
rotation, and passing said time to said control means as said signal,

14, A laundry machine as claimed in any one of claims 10 to 13 wherein:

' said control meaus (15, 16, 17) further comprising meaas for sensing said
resistance to rotation of said agitator (4) by controlling the supply of power to said
motor (10) so that said agitator is accelerated to a desired rotational velocity,
measuring the time taken for the agitator to attain said timer indicating said
resistance to rotation, and passing said time to said control means as said signal

15, A laundry machine as claimed in any one of claims 10 to' 14 wherein:
said conrtrol 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 (10) so that said rotatable assembly is accelerated ta a desired
rotational velocity, measuring the time taken for the rotatable assembly to attain
said desired velacity, said timer indicating said total rotating mass, and passmg said
time to said control means as said signal,

16. AlaundtymachincasclaimedManyoneofclaimsmtoﬁandfuﬁher
comprising: .

information storage means (15, 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 means (19) at the time of disconnection and using the stored
information to provide routines selected from giving an indication of a wash profile
or agitation stroke times, dasired speed of rotation and accelerarion required for the
sensed selsctad load of clothes to be washed and to control the washmg routine to
give a desired degree of wash to the clothes.

T
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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 ane direction and supplying
a desired quantity of washing liquid to said container befors energizing said motor
(10) intermittently so that said load of clothes is damp before imtermittent
enerjization of said motor.

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

means for commencing a gente wash agitation of the clothes for a
predetermined 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 leve! in said container; and if said washing liquid level is below said desired
level supplying further washing liquid to said container so that said washing liquid
level becomes said desired level, and when said washing liquid is at said desired
level, causing continuous washing action to commence. '
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A Uifiig the tme taken for the rotatable assembfy to attai said desirent

velacity, said time indicating said total rotating mass, passing said time to said _

cantral means (19, 16, 17) as said signal, and repeating said steps to obtain further
time measurements as required.

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

the stepiof using signals passed ta said control meaos (15, 16, 17) from said

sensing means (19) at the time of disconnection to determine the mass of the load
of clothes, storing information of the mass of the load of clothes in information
storage means (15, 19) and using the stored information to provide routines selected

from giving an indication of a wash profile of agitation stroke times, desired speed
of rotation and acceleration requested for the sensed selected load of clathes to be |

washed and to control the washing routine to give a desired degré.e of wash to the

| clothes,

8 A methed as claimed in any gue of claims 1t0 7, and further comprising:
the step of rotating said consines (2) slowly in cne direction and supplying

b
a desired quantity of washing liquid to said wﬁbemrc energizing said motor

(10) so that said load of clothes is damp befors intermitiens energization of said

motor.

S. A methaod as claimed in any one of claims 1 to 8 and further comprising the
step of commencing gentle wash agitation of the clothes for 2 predetermined time
after said control means (15, 16, 17) bave supplied washing liquid to said container
(2) to said desired level; stopping said gende wash agitation; detecting the washing
liquid level in said comrainer; and if said washing iquid level is below said desired
level, supplying further washing liquid ta said conrainer so that.said - washing liquid
level becames said desired level, and when said washmg hqmd is at said desired
level, causing comtinuous washing action to commencs. -

10. . A laundry machine comprising: | |
a cabiner (1); a washing container (2) with said cabinet a rowrable
assembly comprising a spin tub (3) within said container and an agitator (4) within
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17, A laundry machine as claimed in any one of claims 10 to 16 and further
compmmg' : pin tub |

means for rotating said-semeines-(2) slowly in one direction and supplying
a desired quannty of washirlg liquid to smd%fore energizing said motor

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

energization of said motor.

18, Alaundrymachmeasclamedmanyone of claims 10 to 17 and further

camprising: -

means for comm:ncmg a gcnﬂe wash' agitation of the elathes fer a
predetermined dme after said washing liquid has beea supplied ta said container )]
ta said desired level; stopping said gentde wash agitation; detecting the washing
liquid leve! in said container; and if said washing liquid level is below said desired
level supplying further washing liquid to said container so that said washing liquid
level becomes said desired level, and when said washing hqmd is at said desired
Icch causing continuous washing action to commencs.
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