; <=>7e3ewppqDsj t PWw6wWIW{ O A laundry appliance with | oad bal anci ng system

5 Thi s |nvent| ‘M‘M o a systemfor balancing the load in a laundry
appl i ance, m t not solely, a systemfor n 'gad in
“a hori zont aI |ng machi ne. BACKGROUND ART 10 C%{ %ﬁ{u?@r]ﬂo

hori zont al aX| s wastil®fg machi nes invol ve g _final spin cycle to extract the

washed articles of as nuch of water as possible to reduci ng drying tinme.

However, the requi rentent_%f 2 rh| 9 i scglwr} @g‘ggjefg n| S at odds with quiet
operation. At the begi nni ngUB¢Y APRIARE 1rE&E e MWash | oad qmﬂwm@ﬂmmmml’

severely unbal anced, such that when the 15 machine tries to ac

noi se and stressful vibrations result. The nmeans that washing

desi gners aEHENW ALSIBRDf ar to cater for inbalance in the | oad, *F¥€%
typically to suspend the internal assenbly on springs and danpers in order
to isolate its vibration. The difficulty is these suspension assenblies
never isolate 20 the vibration conpleésl and as the nachi ne ages they

det er Por at éh ’én@"teﬁéloﬂrfélﬂt‘éﬁntgeﬁt sYSigmsior belaneing H§§e1°§dslﬁe@1§ii‘€?fi%s@@ﬁﬁw%s

oot when GRECHPRL Y BoERT Rl S ERNRS o ARG RS BT R PR SR 2

because thg, blrﬁhgrnal assenbly nust still withstand the forces due to the

i mbal ance, consi derable extra costs result. 25 The i deal approach is to

elimnate the problemat its source, for which there are various sol utions.

The first possibility is to ensure that the wash load is evenly distributed

prior to AﬂKG@iOTﬁYEABTén effective solution but it is extremely

dlffl§u|t to achieve in practice. Therefore while steps can be taken to

redut® the degree of inbalance that 30 nust be catered for, it is not

possi bl e t I k f tA16h & f

appr oach I(gorf\le'ng'ggg ﬁoﬁéoxﬁ%l ;éxs%vgmélr%n{a% d’%g?‘é olbhaf’{hﬁab Spifl gf‘éfe toégﬁ’éé(}gﬁ

24" " Febr ugdshed QPRclziBRAAMUCR JfRaiterasGRESibIY to re@Hcinlgld ﬁto&lﬁxeawaesler the

Met hods o t com~ensaon~ =or trrbaianc in aor~zontal 3:CS ~. v, ~ Sl liil~

~~. acht nesequavembeeof adhiyblfie'speddis| at Hdds Iwath quiet operadion. IAbﬂhb(Btegmnmg of

3~.), ~Il rCD~3n P3L~"L L~~00~~~ | r~20T, J COOP), ! neSe Cl1SCOSUr eS

r eI 2| e t o atsnuat ¢ pssvele@e waSh lpaé@aakiesmne\ﬁeaﬁreéh rtatbétpn@eﬁawhotéat when the
E c o.accelerate nofbe and: sh ful §§8 es\tllft laround the

ver Iaher - RS pioiasee Grate hoend eyl YfpARHT 1R, ii1~eC 'vtlh

bVater tn the ar;nroDnate anpbunts C3n be uSeCI LO aI)t?rOY Al at ~~7 |

COr _'eC 'i~lCalanCeS :.~. Lhe 3~?S OF rOLaL:On. |0 The di sadvant age to

t hese s; | §theméasahith@ashtxlr@matmlmldasmgaeumxavaem;ﬂeye:dam far edicaefogin edamoe s

of rotanon, and since no contiol ~s available along the axis of rotation

this font mthelgagnés tpically fo swipgndiibe Hltiéfftﬂéraﬁi%mbg’ oW SPEBEY and dRmpEss ifay

i Dral | an@ROSGA IsoTR R Eeat P R BBl nabSs B B ersehibise ey io1al”
aPPIIANCE thelsib it GochgIBR 21 ANEABh ABLEE! 1RY RAUFOrANARR BE pfdBldin giis

spur, about a parncul s there are t typés I nbal ance that ft may

exhi Gt: Sloasec ARkd, Besasaspensivatasembnisiraqoiee islgn\tﬁ@errﬂ 120} cleanmce Qindtsocn
does pct pass through the Centre of Gravity (CoG of the object. Thi s neans
that a foV%léabtﬂO@fﬂGﬁtaCﬂyl%ﬂa?ﬁtWé@ln d@slgmegemp@éxanmwgiatrﬁpwgkctrmn@@@) to

k th t ~t d h f f t
con r onFEHACS o, Talsaal: Bremain Toit ool satiRtdhe fie. &icen dRb g, e
with the %aqﬁﬁcc %5851%%}%@5;951 'chtE'rqu?tre 1. There are ~~~0 pieces of

| ntornation requi’re Ine a static Inbalance 3. They are the magnitude
of 2Ke ; nbaiance (the :nonmer.~ of the CoG about the spin

The ideal approach is to eliminate the problem at its source, for which there are various
solutions. The first possibility is to ensure that the wash load is evenly distributed prior
to spinning. This is an effective solution but it is extremely difficult to achieve in
practice. Therefore while steps can be taken to reduce the degree of imbalance that
30 must be catered for, it is not possible to eliminate it sufficiently to ignore it there after.

Another approach is to determine the size and nature of the imbalance, and add an



-gins, which in SI units has disenstons kg n). and sone angle ? between the
direction of the ofzset of the CoG and sone reference direcron within Lhe
obj ect .~. Wien nounted on a horzontal rotation zxts) frﬂ(}ebﬂ]g‘ﬁrzEé@e

I nt Zuence of gravtry, ,tn 30 object with a static ~nk i ate
until its CoGlies vertically under its axis of rotation. This also has the
consequence that a honzontal axis machine; running at ~24"" February 2003
-3 speeds slower than its resonance on its suspension and at constant power
i nput, wi | I'MERRERF (038 SEPFGht Y HECERTF &% n rotati on speed as the CoG goes
up one side and dovvn t he ot her. Unfortunately this is not a feasible
technique for determ ning static inbalance at anything other than very slow
speeds. 5 Ryhagicolahieanss Dvpafbseiahibalhanesnifags Webihe midhencoaPt best ed.

In Figure 2 the axis of rotation ~ is not parallel with one of the
principle dxedstd of Uh@acdojiexcIS0 dbe Peliarei pabl. )axesomdanafatenyj 85660 (agort he
axes about which the object will npaturally spin. For exarrpl e, consider a

short 3| engS’rCQ@fO)unifi%ﬁmléprWGé eipls & RoUsHPh this izlls omgnBRd champas on,
and thus is both statically and dynam cal Ix___ al ancgqh%T\/\o veights are now

attached tOFHE iMsFuaE0?* the eyt |‘r1ﬁ?é?’°'“‘o‘né ‘g U8 AECBAT T M5t He9 at
the other &afsiondiihdahie, 2PROSHUL Bl O BorBBnbil &) qr'@uaﬁh% &Q@ 0 of

the obj ect a5 not been noved and so it s St Stati ca ance

now spi NnidgréNaedtl icoeeE: whitdlarayse e hnabf magor.t has a dynam c

i nbal ance. "Static imnbal ance can be detected statically by seeing which way

up the object rolls over to rest. Dynam c inbal ance can only be detected
20 DI SCLOSURE OF THE

th th d . |1
VT onThe PesianBar e fikss Fiiias 1y BRLE PRAEACT BV B GIREs fsasah%. g
system for,, &ﬁyﬂ%x Applian ﬁscx@&msm s aibAL 1fs 4@0?;&9%9% Y bES
purpose towar S overcom n ove rren | one ﬂl Sa van

Accor di ngbYlahBing HiI1 §ﬁlva&ﬁh9055 pAr@11PrseseRELUL NVELE intly §RASI BhE aisisFedsadndry
appl i ance conprising: a perforated rotatable drumfor dehydrating a cl ot hes

| oad, a ssystamtdaidlybe rgiured rewlseandingauimsm~iqapaids ovsnasd suppectdng
said drum 30 rotatably but non-translatably in relation to a support
surface, B WehY %thﬂq%ﬁ‘n l{3@€at i ng said drum at speed thereby dehydrating
thelkoad, and 24" " February 2003

Static Imbalance

When an object of some shape cr form is spurn abour a parucular axis, there are two
types of imbalance that it may exhibit: Static and Dynamic. Static imbalance is where
20 axis of rotatior. does nct pass through the Cenme of Graviry (CoG) of the object. This
means thar a2 force, F, must be appiied 1o the object (acung through the CoG) o kesp
acceleraring the objecttowards the axis of rotanon. This force must come fom the
surrounding stucture and of course 1ts direction rotates with the object, as ulusr:ratef‘
in Figure 1. There are two pieces of information required to define a static tmbalance

3. They are the magmrude of the imbaiance | (the moment of the CoG about the spin

1~
n

axis, which in ST units has dimensions kg m). and some angle 2 berween the direcuon

of the offset of the CoG and some retersnce direcuion within the object 4.

When mounted on a horizonral rotauon axis, and under the mfluence of gravity, an
30 object with a static imbalance will rotate unul 1ts CoG lies vertically under its axis of

rotanion. This also has the consequence that a honzontal axis machine. running at



--4 a system for conpensating for inbal ances of said drum and any | oad
carried therein during dehydration of the load. In a second aspect, the
present invention consists in a |laundry appliance haV'ﬂ@F%bRﬁ&Eﬁbﬁte drum
“far dehydrating a clothes |oad, driving neans adapted_to rotate said [drum
at speed thereby dehydrating the |oad anfl.a system for conpensating for

i nbal ances of said drumand any |load carried therein during dehydration of

the |oad, 3aldl GYRELPMAPHDIAMc o 7 sTERRENG ARAISHREA G- HBLE 1N

one positi rumspin axis etecting dynam

i mbal ance ekRibifesli @Rdluduati @ habtafbR §S&w0Ls DTG Ebed/gF oh€6Rle\URT ddSvil fhRUt S
signals fTOm sai d sensi ng neans, and programmed to cal cul ate the val ue and
posi ti on otheon&mformmetelyrdss ésnategisasiblt teohrgua doedeteomiteg dramen inhatorceect

t he sensed i nbal ance, correction neans for adding two or nore nasses to

sai d dr umpt dneREgOthAr thaa very s §ae8ds-one of sai d masses being axially
spac%d fi omthe remai nder of said masses and said processor controlling
such-addi ti ons such that the resultant value and position is substantially
simlar aphagicdhesdiahes val ue and position to correct the inbalance. In a
third aspeCt, the present invention consists in a |aundry appliance having
a 20 perforated drum for dehydrating a clothes |oad, driving neans adapted
to rotate_said drum at speed thereby dehydrating the |oad and a system for
cor npens aPyngmfcimbaipatensedgtlomosa¢ampliaaiedna Fagyre D¢ axsr ofirethtionsy iginat
during dehydration of t | cad, , said s em conpLl sing: .first sensing nmeans
ocat o SRAbIc R &R iR BEREIpls AX5h 6rdiane BPiFCheT b gTRsiad) 23es Bf P Pie
detegtin i j e . ection neans for adding two
or ?rg)re grf‘e{égﬁeegg*%n@a?dé%h?n o égﬁtbﬂ@tr}a@%ﬁgugﬁgﬁ{'mal ance caused by the
rotation thereof, and a digital processor which in use receives as inputs
signals fromsaid sensing neans and programred with soft<vare causing said

pr ocessorFdrexemply, aomsidene shottllengtimgf @i fertne pylinddr Eettgispinnapaumiitd actis ofi ng

means to apply a first predetermned rate of rotation 24" " February 2003
j extrusion, and thus is both statically and dynamically balanced. Two weights are now

attached to the inside of the cylinder, one 8 at one end and the other 9 at the other end
15 but on the opposite side from the first one. The CoG 10 of the object has not been
moved and so 1t is still statically balanced, but now spinning the cylinder will cause
vibration;, it has a dynamic imbalance. Static imbalance can be detected statically by
seeing which way up the object rolls over to rest. Dynamic imbalance can only be
detected with the cylinder spinning, 1.e. dynamically.
20
DISCLOSURE OF THE INVENTION
[t is an object of the present invention to provide a balancing system for a laundry
appliance which goes as far as is practical for its purpose towards overcorn:ing the above

mentioned disadvantages.

Accordingly in a first aspect, the present invention consists in a laundry appliance
comprising:

a perforated rotatable drum for dehydrating a clothes load,

a substantially rigid, free standing drum support means supporting said drum

30 rotatably but non-translatably in relation to a support surface,

driving means for rotating said drum at speed thereby dehydrating the load, and



“to said drum b) instructing said correction neans to add at |east one
smal | inbalance to at | east one end of said drumand storing the detected
rotational inbalances at each end of said drum 5 c) [0gk he
differential relationship between said at |east one d%¥e ﬁm%é{%ﬁgées
said detected rotational inbalances' at_gach end of said drum thereby
estimating the val ue and posi non of one or nore masses required to be added
to the drumto correct- the I : trolll [ of
one or more madete S ek Pty Sotitaifeeltl s SRS LSRR RaENE
resul t ant tH@rJe}ﬁedL?r'i}% B98/drh@h 6f iHehBa@dded masses is substantially simlar
to the said estimated val ue and position to correct the inbalance. In a
fourth aspect, the present invention consists in a |laundry appliance having
a perforated drum for dehydrating a clothes [oad, driving neans adapted to
rotate saild alsecoud (aspeqt, Hreptesehe HERUABHSANSET RN rhigundad appbarceshastiegnaf or

conpensating. for inbalances of .said. dftum an ny load carried therein.

ur | 1y deRSHPBRIATEE TohEeIRE TS 8 AOLES | Gt CBERS Sratgs A0PPEE DAREingiteans
| ocat ed at;_one o r I i ot 3N, axi.s ai -

detect| ngtdlfuo ati Sri?r?g? @ﬁ%ﬁ?aﬁ%@n%ﬁaﬁﬁetﬂﬁo%%hwaﬁ % %‘g%%%t 'f%og{)ﬁl?eé%%ﬁl galf?lrs of
sai d dr ummRHas@eUTdaREMeI ndBAN Sod PEATRY thkréi eubing MIhe dPasdd bOMRE 1644, t he
spin axis of sai rum for determinin e absolute acceleration o e

p f dd f det g the absol ut [ t f th

spi n axi ssaf spetent cmupmsiag:di gi t al processor which in use receives as inputs

signals fromsaid first and second sensing neans and praogramed to estinate
the val ue and PEEFENSHHE BEABhEOBIAA MROTPHEAR SNEHGSITBOR B U A 2KH fohe

drumsto correct %he s.enseg inlgal ance, 'ZE’thCﬁ” ction nmeans for adding one or
mor e * s s EECT B &R THIHF dR1AVSER 1%933%%5351& Fi° ‘ge control ling such

~ad' ditions s o t Q Lid i ses
i's substanti a%?%@ﬁﬁ%&%ﬁfﬁg@% %yﬁ}s#iuﬁggacf pfslg}liéeg%%lsp%gﬁ %ﬁé‘%’%ﬁﬁg
correct theadsiiant aregranifed e chlrubang ithé vahresasd positionhsf H1¢ egendie madeal so

envi sages constructions of which the foll ow ng gwes exanpl es. 24" "
Febr uary r2qaiged ® be added to the drum to correct the sensed imbalance,

and

correction means for adding two or more masses to said drum, wherein in use at
15 least one of said masses being axially spaced from the remainder of said masses and
said processor controlling such additions such that the resultant value and position is

substanually similar as the calculated value and position to correct the imbalance.

In a third aspect, the present invention consists in a laundry appliance having 2

20 perforated drum for dehydrating a clothes load, driving means adapted to rotate said
drum at speed thereby dehydrating the load and a system for compensaring for
imbalances of said drum and any load carried therein during dehydration of the load,
said system comprising: '

first sensing means located at more than one positon on the spin axis of said

25 drum for detecting rotational imbalance in the load,
correction means for adding two or more masses to said drum to correct for any
imbalance caused by the rotation thereof, and
a digital processor which in use receives as mputs signals from said sensing
means and programmed with software causing said processor to carry out the following
30 steps:

a) energising said driving means to apply a first predetermined rate of rotation



- BRI EF DESCRI PTI ON OF THE DR~~VI ~GS One preferred form of the present

invention will now be descr ibed with reference to the acconpanyi ng
drawi ngs mwhich; Figure 1 is an illustration of the ] C
-inbal ance, Figure 2 is an illustration of the concept HER22%F nbal ance,

Figure 3 is a cutaway perspective view qof; a washing machine according to
the present invention with the cutaway to show t he nmachi ne substantially m
Cross sectjon %r figure 4 is an assenbly drawing in perspective view of

t he washi ng Sr%% T4 of Fi gure 3 showi ng the vanous major parts that go
together to fOr@ihﬂ?u&ﬂ@ya'f@co&&t@n%é:ﬁmo'aﬁd@fllehh'dﬁ%tsﬁ?atﬂ i8ba®inck Rt tadm
bearing nmount, Figure 671s an illustration of the drum show ng the

bal anci ng efeanderfsaahdruseasdswrinkithe detectddromtinafrababhies ateprlesehdiatidon
of the liquid supply and electrical systenms of the washing nmachi ne of

Figure 3, dr80Figure 8 is a waveform di agram gi vi ng exanpl e out put wavef or ns
the wei

fromfhe vibration sensors, Fi.gure 9 is.a.graph.illustrating tJj ng
curves, Figure ci(ﬁ]qtgnr&mqg Fllfspgjg‘?rFBHalofetlﬁégWg‘é? DEBK R B adhits
regardi ng :fi ] sQf 4t [ pﬁ% ' B i S o} pagram
showi ng t H%{blalr%’g?%gagg SB& gge?%ié r@ﬁ‘ gt%??t maa%%urfeéulé%%l@ joaltc S%Idgivrv& xhi egsgyg

showi ng t heriBatiAbGRe Galueeaid SEsiNbHOFicnBBr Mbffsded ﬂeguﬂed k®Be dbiaed dthe
showi ng the Spin Algorithm and Figure 14 is a block diagram of the

equi val entdreprto icgrreystheracwee mmbhkEnicauantt y appl i ance is supported on a

flexible door. 2~ BEST |v] ODE FOR CARRYI NG QUT THE | ~1~' ENTI ON The present
i nvention provAYESNECHBEAIGRITSRS FFe HaNQRE MHFSENE I3 ATUR by splARIFaguon

o L1 %o meB® bRk s BHleE S P ARG R DL B R el SR SPRBNRRER e

W t
desi gn. 3Qidine t5Qhé ONHNGHARBL vAHE QR ipdsiM dnltof RIRICE BEECinhal@nd0r | ZOnt al axi s
machi ne. However 1t wll be appreciated that the present invention will be

applicable to off horizontal and 24" " February 2003 vertical machines, as
wel |l as rotating |aundry appliances in general.. _
In a fourth aspect, the present invention consists in a laundry appliance having a
perforated drum for dehydrating a clothes load, driving means adapted to rotate said
15 drum at speed thereby dehydrating the load and a system for compensating for
imbalances of said drum and any load carried therein during dehydration of the load,
said system comprising:

first sensing means located at one or more positions on the spin axis of said drum
for detecting rotational imbalance in the load with respect to the spin axis of said drum,

20 second sensing means located at one or more positions on the spin axis of said
drum for determining the absolute acceleration of the spin axis of said drum,

a digital processor which in use receives as inputs signals from said first and
second sensing means and programmed to estimate the value and posiﬁon of one or
more masses required to be added to the drum to correct the sensed imbalance,

25 correction means for adding one or more masses to said drum, said processor in

use controlling such-additions such that the resultant value and position of the added

masses is substantially similar as the said estimated value and position to correct the

imbalance.

30 The invention consists in the foregoing and also envisages constructions of which the

following gives examples.



~ General Appliance Construction 5 The present invention will be described
primarily with reference to a | aundry washi ng nachi ne al t hough many of the
principles are equally applicable to | aundry dari ng res] 3 and
"4 show a washi ng machi ne of the horizontal axis typeﬂa%QU%%gmah%ggforated
drum 11 supported with its axis substantially horizontal in side-to-side
orientation within a cabinet 12. The cabinet 12 includes surfaces which

confine wa i I QUi 4.l i t mw thin a water tight

encl osure. MF%?‘E?@#WC@EI’%ﬁ Qg’%j@ﬁtﬁgl 2 may be fornmed together
with the | i~y | B , i A

formng. | 'r@%' rte ?%%daﬁ@%eﬁ%%%?ﬁﬁz’?ﬁ&gfnwgﬁ S 0#3 gtd hgd%?%ﬁ%ré&gﬁ e%ftgfrred
inthis V\/a;{ecd;ﬁpa'mngangrmgshgmd{jtmg system i ncl udi ng the drum and many

ot her conponents is preferably contained in a top |oading configuration. In
Fi gure 3 the hofigunstlais aaxilssspion of Un chnkepisofeoatcainmedansiet hi n a

substantially regct ang)u,l ar cabinet 12 with access being provided via a
hinged |id 14 oR!§HE % BENdHUSRIIGRANNSConesMa! BY83MIe FnBHaR%S s

fi i be . .o 2 : 11 bl ]
beari ngs 15 at Srawer SATUR w, SPRRRaY WPk e d ReUib P RARGRE o e
support 16mrekgndifge QiABRE cGARaGEdnbRandaRchPRSUBEAnAXIT Rkl Yrokosatied,

externally, on a shaft neans 19 protruding fxomthe hub area 20 of the drum
ends 21, 22. O hBiguaxias ag assehgiy dtavoing iaperspgcrtd yieposfahdhashingrmectangpd £
internally 25 located in a well in the outer face of the hub area of the

drum t o beigorad shovmnathehaous md pPuBRTY Hat gmtogrsher orfosuppemachiige dr um
supp dts 16 ar;:.shom.eact} as_ a bagﬁsgﬁgﬁht ed unit _and have integrated
For niO whi ch agah §UrS > iuea T ol B IRER REFREMOBY twin sheet

t her nof or m ng, 4l l.di: : |4 a : L DL I

i ncl udes a st reﬁg{a #eﬁﬁ%gagrlpgsgé%% % tPz)aé(n ruarEdgﬁl]bn\g?x gg%%@g{qﬁ%c&%ﬁ&gég 25
as 30 depisgh&stst 0 accormpdate the respective drumend 2 | , 22 of the drum
1. The drum supports |6 engage with sub-structure by interlocking within
conpl enent ary sughmcédss a ddgranfabncaegredigdionyof thel Hquid APp2B apd eleatecali n
side walls 27,? 8, O her.less preferable _constructions are possible, such
as framewSyREMSRIFEE "farsé’fﬁgifﬁaF@PEG FiERifer s or mechani cal suspension

ceniPe of 'sai d EVY Sroh Bkl Ml sOREl GERALE Al 5ih 98ng

support WeldraridAdehdbrt Urn the beanng 15 fits within a boss in the beanng
nmount 29. In the preferred enbodi nent of the invention, as shown in nore
detail in Figufesurd Ssc graph hibustranmmgthe eengitingesursieqer f or at ed net al hoop
30, a pair of ends ? 1, ?2 encl osi the ends of the hoop 30 tq_ for
substantial |y &y4RdPIEn LksEABER Ogt%a dgCisionmMeing RRESSSEZaIAIBE giﬂlmf Jt?éﬁ?veen

t he drum 1, In the preferred formof the invention the drumis
driven onﬁ@qﬁ?éﬁlcﬁébﬁ% 2l and consequently one purpose of the vanes 31 is

to ppansmt rotEELIRNA jstOAaWedihSrah ehdieindrthy BRbalaHBe Btectdn ARrivianes al so
provide longitudrnal rigidity to the drumassenbly 11. To these ends the
vanes 30 are wrigmrard ishdldvodjagaimisboging theyBilanee Somecton Adgptithrmand

i nternal reinfgorci nqqt,o ahchi eve any_ required_ resistance to, buckling due to
unbal anced dynkiguee 1843 flopy dragrgmispormng higmpin Fd2AatEnangd stinct form

[ oad, In the prerers 20 sl defeR HES AT B TR R o o

rotationgjy 'ahggqggﬂj osedidnad Aeder nhet ation in either direction one vane
is going forwards a &) t he ot her backwards. This vane configuration provides

fur2her benefits in providing a user friendly opening into the washing
chanber as i s described below. In theTpreferr enbodi ment of the washing

ed

machi ne iBESI MORE RYR fARRMENG AUIhEHF IMVENTEORNpport ed bet ween a
pai r of um supports 16 one at either end thereof. .Access to.the interior
bF L he driif BFSPEC ror BRdTORESS gh e S THEOR S HEATRE LB pidh imd HbdRe
cylindri : h - SECH] i h a
%t ohi ng PRLRZrT SAa g E Su i gl MAhiRR R0 P AT AREHASs MO
cont i nuowged doPsidPedsivh Ehdohey dghditandg eaniglified thetthectinbtagdpn 12 of the
washi ng machine is fornmed to provide access to the druml1ll Iin a

subB$t ant iTdiel fpllovpng dastiripgionas hyiohrefergnbeto o harizemtsl axis machine. However it

will be appreciated that the present invention will be applicable to off horizontal and




-24™" February 2003 -9 traditional ii~ont |oading fashion nore comon to
hori zontal axis machi nes. The washi ng machi ne includes an electric notor
(rotor 39 and stator 40 visible in Figure 4) to effec ng(o'r:gh;nljaondb The drum
“during all phases of operation (wash, rinse and spin fgry). Y A% preferred
fotln of the washing nmachine incorporating the present invention the notor
is a direct drive inside-out electronically conutated brushless do notor
havi ng a per nanent magspet v‘fr{:gf or 9t'CO gl &d tolone end 21 Olf the drurr~ 11
and st at or'SH6C% JOFTERES 35 Giddy %% PEEAFPPIRISET thef & For m of notor is
described in EP0361775. 10 A user interface 24 is provided, allow ng user
control over the funcnons and operation of the machine. The control

el ectroni Cerdral iA['Ij[ﬁgﬁQH(YQ@ﬂﬂﬁaiimd within the interface nodul e, and

provi de el ectronic control over the operation of the nmachine. 1~ Bal ancing
SystemIn the present invention the forces caused by an out-of bal ance | oad
during high speed rotatjon of drum 11 to affect. spin drying are mnimsed
by & XlynaneATeSERs GResEOnatba SFRETIRGd SFSHAHY With ESIBEMARED ALY B HEs

el ectrical_ signal ener at ed t he 20.def or i 1oad cells in th
bearing nBifiy f‘zéﬁa&ﬂ’ghwnéna%e Pﬁgglgh%f %r%é@{a&@%@égcg%ﬁ&o ? ud@ﬂf QEY ‘\Rgi ght
di stributi r ect.| i Lsed i ; : rum
11 Each BEgpis! Fre’) gAd shiw £ RUiRg rd e he R R P B3RS, a5,
and mount ggeefdrereirendi Rgppsiteld evitls ita akdashbsedntially lesrihealnnisiddiogside ~.
The outputs of the | oad ceI‘Fs 42 are fed to the control processor of the

| aundry neméntagonovighinactabimes 125 T cabinaid 2tiaekidessiudhcdssvhichicensne Mashhe

addi,tiion of water to.one or re of.the six bal anci chanbers 43, 46, 4
80081 65 e e ARE th Ara v B Hoter gl Otk or SPTHF @aith P24 uch

hamb : i : i th
it um end G158 fRite TRAARY pEHInABRIdeci R PGS XL KRS oY RF
Figure 7.ex he%le%ﬂughéét%ﬁﬂtﬁohﬁa@. Bddriicdiar ihe B‘agkah% BRIz sedlstoTAs hine

filtering ~ ef ore connection to the inputs of 4" February 2003 - 10
m cr opr ocrasy e Himedim dhs weay. be t ask specific or the main control processor
for the | aundry machi ne. The various algorithns (detailed |ater) progranmed

into the mcroprocessor 51, will dictate spin cormmands (eg: speed up/slow

do to 4he,mot or contraol ler 52 . bal.anci n r ions. (eqa: open/ ¢l ose
val 08 5oy Y FOR RS cBfem “pBRARE RO HRS, GRE ARRL) Rifer, S SRERL B 17T
vary its Refrahigloning] intd@p1Bidihg WoREia 6ok OLPEYueY ¢ thd¥oriidntal ﬁf@fm?ﬂﬁ-
The valve drivef ~ 3 wll open or Close the appropriate bal anci ng valve 5~,
whi ch al |drum Watiecontaifedomithhr @ agbstanimliynjeemingnlarkcabinantl@ witk acedsevantg sl ot
45 whereupon it is channelled to the appropriate chanber. The val ve driver
53 al so FrPRRAsdstiat airgeddidvdén Oéoﬁlresg’Paﬁé the y@aeliner Sithab desizegtab @ihi ng
the water_fl.ow 10 through t.he high 55 and | ow 56 flow rate val ves

respect i vafiey xo&grrp%ycﬁegﬂoy alance, it is necessary to artif cially add
equad and opposite static and dynam c inbal ances. To add a static inbal ance
only requires to add a certain anount of nass at sone radius and rotation
angl e (orThepbtase'11angtethblyaduppoeted diyhehnngs I Hat eitiergntiSvhich is pirh aex¢achas
the CoG However, to add a dynam c |nbal ance requires to add two equal and
opposi t e SippRItehbEe drum swPRost be.i Iarhe smbogimert denieted;the bearngseare agiadly

. : . Sch 'y
G nan ¢ 19l Ghe BRIy RTHtHE TR MBS e A0t Be 2ns
al ong thengphp AXi @mérgj&imngﬁgg%ﬂ@t%nm%ai@%&s{ma Re &hnipi€ iteRily

radi us) at two’ I ndependent
25 located in a well in the outer face of the hub area of the drum to be located on a shaft

protruding from the drum support. The drum supports 16 are shown each as a base
supported unit and have integrated form, which again is ideally suited to manufacture
by twin sheet thermoforming, blow moulding or the like. Each drum support preferably
includes a strengthening rib area 23 and a drum accommodating well area 25 as
30 depicted to accommodate the respective drum end 21, 22 of the drum 1. The drum

supports 16 engage with sub-structure by interlocking within complementary surfaces



- 20 angles. There are four variables to be defined, and so four useful

pi eces of information about the nature of the inbalance nust be obtained.
These pieces of infornmation are typically obtained by T SRThe
. . . . ebruary®20 .
acceleration, velocity, force, or displacenment at twolindependent | ochtions
on the vibrating system 25 The reason tRat only two sensor |ocations are
required and not four is that because the rel evant signals are sinusoidal

in time and therefore containet L eces Lnfor Lon. . Me is.the

mgni tude SPHRE Botar Alsndgn e R Pretmbll BB e, e TAT P SBREE 1o
some T ef er ghegROKNorARd!HEm IRLANN rRAB0ESor BbcRIERal ARpRhORAs, BRAN  ude
and phase angle at two i1 ndependent |ocations are acquired, a nethod Is
required to calculate the two masses and their phase angles with which to
24" " February 2003 correct the inbalance. This is done by representing the
si gnal datBheadnmmagppalzs b6 gachy encluds adfeating suppeit evelhanther esnemel sdé well

rel atj onship petween them as a .square na f four conplex nunbers. This
et i, W £or Bpﬁgn?%2%%@@%?&%?%&3?%&@%?@@%&@ ang P YEP RS a

response LX, 1t b S d A4S i sed to map the signa

vect or baggﬁﬁgééﬁgﬂ%ﬁggubéb(%Slégﬁféggﬁ%?géu ‘éyinbalance. The techni que
for acquiring data on the inbalance is difficult to inplenent in practice.
This is ijecause sonme types of signal are nore difficult to nmeasure than
ot her s, ard tlesmefdérfedymibodigmab$ thernevetiioni, aeshowhen mespdete] mefigives Gand
beconme a unpredictable and 10 difficult thing to anM/gor Iearqz dependi ng
wher e t he 4siigndivg 4t eompaisas aderiorates angizldiaapr Y aarasoal rpdt 26124 prclpsiagent

i nvention _the j ce Ls characterised,using.force or. stress nmeasurenent.
o e avae Sk tine Bt el sl BHHEF e SRl P I ereh el e e At Sh S evel
is quite Becpuse the machi ne has no suspension
t he cabingﬁ%ﬁgﬁ%ﬁééiﬁivg®§ﬂﬁgl fﬁg%ﬁgéﬁfed to the spin axis of the drum
This means that the response matrix that relates inbalance to force at the
bearing assenblies is reasonably diagonal a_nd does not vary in a conpl ex
and/ or unpm gt predtrred fermmeof thd tiyesperdhadaie is davappindademioanesandpdt ead on

a ngid floor. Thus a radial c onent of. force (vertical for instance) at
the bear i ARPSSLEH PR PITPOSE O640H VERS S iStACAITAN, TR oPal tRERE 94aF Hon-

i ' € urum 7S thE
thel7] oor dEranaRh il 24 b e AR e YoMk M ima oy b et b Bt ©
applies, Wi TH thésedings Uns &dnéat@lare HEOS 81& sBAIoW Oaliieidgdt tHeyahSengifitent

static and dynam c bal ance requires four usefql(gieges of information to be
known abodgpth kadnatema reinformng ndakhisve any requisedateststimeentcs hosldinghdee the

desi r abl [ s f t h f bal [ di t of

For co-at WHEHAER RBAE oRb] § TEERRLY Eh e c DI SHADEMRSTL O PORS el |
f : ifed. 1 h - h

%2 aro 1 ol B BelRE LA, Y58 Rl B STIRE TR, Sl Bl el 20

Febzoiary efBimbeat heSianaé B0 aRsrdntédibprditely ihfirstatiopki gidédidh, is6 thA@nBerczo
disc. This type of sensor produces a large signal output and so is not

si gni fi cantdtypnaffestherdirbgti®Fbne Mame isegoing fomvards endithe sthes dackwardsnis
measure fluctuafions in Iqég gre tqgéhgrge Ieaﬁage across the disc. .5 The
pi ezo di SENRICPRIEAAECR HFAYIGRE (HTARETREHREHIB ArAVIAHIER MoTF gl PPeanE Rice.
Since forge | S.proportional -4 y squared and the response

magni tudetﬁf g}aﬁlp §o ﬂt?ﬁé?g SO&E%SIPEE‘???@(%%W, the rel ati onshi p between
sensor output and rpmof the drumis cubic. In nore detail the bearing
mount | ooks |ike two concentric cylindrical rings 46, =~7, as 10

i | 129st r atiedhé preferged embodithentl adabe wasbmpesmdching inabeporatingdtherievemics] shear e

connected at the top and bottom of the inner ring 47, respectivelg, and to
opposi t e d5amt Kl 1 SUPRETIaR (ReFW PRl A RadT §f G BPRATESeF6 oAt Aathepepd dbereaf.sc 42
is adhered to t | gadi n ri,dge .qnto_th de facing the quter ri.ng,~The

| oad fromEhe BriHAEIeHRRe BRPBUIN® BrisadediraSustRaitk A0Sy BAHebhPERAa
ring 47, i *eﬁd@egﬂ?naml Load 3or d0eRsS dAfn anthd AAEhCRLtiofAs | et RE thro st &
ring 46, and out 1nto the external structure. It wll be appreciated that
in this {askihgmédhanisand4pss dys S W3BlIsuth ekatdc saratinegredoinaa yongidusabopor ces
fromthe spinning of the drum thus deforningﬁ}he pi ezo di sc and providing
a 8Pgnal duepg eperatiani vecofdingly thebedbamatel X of & washipgnamarhineostfooned ot he
preferred enbodi nent qf the inventiqn a dynanm ¢ control. method ~i.s used.
sl S REMnstatss iafhe g | LoRra Sl o SPhpE B St Ranraneiigr dite. as
explained earlier, 25 it sinply refers to the nature of the control

nmet hodohgy. The alternative control nethodology is "static' . A static

control nethod does not nmake use of or retain data on the tine dependent
behavi our of its target system As a result the nethod is executed as a

T . o Y Y - oy o




- continuously correct the system even while the systemis in transient
response. The main advantage of the preferred dynamc control is that the
control loop is able to adjust for discrepancies as gngmpig appear
“rather than having to wait for the next 5 execution tine$?dﬂg&%§M%ourd. For
systems with slow rinme response this is @.considerable advantage. To work
effectively the controller nust be programed with an estinmate of the tine

e t . . AL
ependent rq{ﬁ%ﬁ%éﬁé}{%{)%ﬁg%%&?&n @}5% vaﬁﬁnzoﬂm\é'xﬁeﬁabﬁﬁxgﬁs no

significa needs to0 be roughly approxi mated and the
approach will still work well. Al so, because the dynam c controller runs on
a fast decision | oop, 10 any noise on the input paranmeters will result in

many smal Theovasbotd mashineimjudmsde etdvatic mmotordootpt £2 ehg smmmdOessateyin Figuret hi s
reason a mnimumthreshold correction | evel rrus{ be established where there
is any coéi (Qeftart ratatien ¢f thesdumewang At Phessseel PRRTaHOR Haslet Mess, angdsspin

Li sti.ng the in sources, of ri dependent . hehaviour: . Gven an._. .

st At anBas Fe MR AT rm o et ATEM B AR R Eaina o e oy entie
revol uti ofg xﬁew[rei%?dafﬁtﬁwméfd%tcﬁn_%ﬁ@e&aﬁ%Igfs@mn&r&}@teﬁ%ﬂeﬁﬁewgcf bpr av
eraging on the load ce ata acquisition nearis that the average ata al so
t akes a nkhuHgs aferfrRiehtiinagha rbrrBosanied ® enenad Y1 bf did drun2Q | ndt Bator
Change in balance state of the machine is never instantaneous; water

addi ti on 4@poupted anythhi doynf sopp@t 16.tH e@aide dedm. of ‘mosaat er desartbeedt iron
fromthea!lég&d s the bal ance state of the machi ne may change quite

rapi dly %@%pn speed ranps up. 25 |If in the spin cycle the machine is
to g np fromlI 00 to 1000 rpmin about ~ mn then the nmachine will al nost
certainly be in a state of transient response for the duration of this
penod. Cofsg&uaikrifacet 1eis HRoViHEd, laBlo wikis hisdre orltbPot & the FRRAtbris AndkpRsfonl N
the bal ance state of the machi ne without the machine ever being in a steady
st at e cornudithe amclife.. The goptrobtlettyorstatredintegrallly namiacnezowitha theoinierface

i npl enented_the present controller nust be programed w th_ an approxt manon
of the timedwepEHHBIRY FeplseiroRiE conal overdhe QREGLOD(®S the machinesf t he
machine. :'Mdre precisely it nmust know how much to weight its past actions
(as a E,:nction of now |long ago they were nade) when decta:ng on :vhat
corgrti orys‘,laj,éin%ryvst@,he to be inplenented. In this ap~licanon. for each

wat er caanber the 'sum of the appropnatelv wei ghted past history of water
addition can be considered to be "Effect in Waiting'; t.e. the contr-oiler

is still anticipatin g that the effect of a certain quantity is still to
cone t hr Ul RIESEHan TN the forRes ¢ausad by ggougwhhalance lpgddunngaigh speed ~

i ch val GeRCRREGrITn o E hi S Bt B SR halilgEy 55HRIRE (i
accur at ebyjah&mg! §R%erd. CPAR! BASRE QUéteR ubdiceleORichOlsiBhss Bagérapet bphge f or
as many points-bdck as it needs tO renmenber, and a tanle of weighting

valles f defoamationyf poudr cellisudihetbeanng mourmrppP acedchamdaflthe brafitl 9lteasdess en.
If we call this nunber of points N, then to store the history of six

control Serpaired st §1sHpYon COREEHER tha eyyeauiged Fedyremigatiy Tehsilancs the 4] so,
to th | t ffect t.hi.s_hi . i. 1 | i . 6N

Contnen sabedeue e sttect, ottt e WL st AL e
wei ghti nﬁpﬁﬂfe\ﬁeorp%cw HeRdfhg BrideSs b Pdhd &I ¥2adsho¥eh SILWArd 5 'f'ng%ﬁﬁpaugs dofT ‘nis

then elimnates the need Tor a stored table of wel ghting val ues,

reduces thbéoad cells? tzepfedcatthonsntrol frdcessddiof thenlmunbit mavkinet ©ieffacs thset i | |
to conplicated. ~ VerJ crude approximation of the exact weighting curve is
t hd5 negahalancing setkeithiol i65achaewed hivwraddinen giimater. toygnd er mHirg of dhmais 20
complicated tt is ipn fagt e Iy ,easy,t o, achieve, it i.s_sinply

f or germ}a?%ﬂ,cﬂ%% C?%gerégé r"’égﬁ’g(igﬁ St)é rl.ooﬁat%%gx&ge gﬁ%eastfgﬂ@mi 13 Fﬁﬁ&f}g % ﬁe@ac h
wat er ¢ h ti4 i i L1 ne
the contrHrs S Rme S S R S A o D e B T and

one) andfagedhinidndson®.increnen t value if the water control valve for
this channel was on dunng the |ast |oop. Conputationally all that is

30 In more detail the balancing system 1s illustrated in Figure 7. The output from the load

cells 42 is first passed through filtering 50 before connection to the inputs of a



- 2~ required is st~c multiplications and six additions with each control

| oop execution; a vast saving. To avoid the need to have different
forgetting factors dependent on speed, the control | O gg%aog &%eCLted on
~a per revolution basis. This is sinply achi eved by execuflng P%al dnce
control code with the once per rotation;gensor, directly after the data
acqui sition conversion code. O course all quantities of water nust now be

30 calcul ated in ter of, revolutions at the esent speed rat her tha
Srer but Ripeer RS Erort Sy eEREbe PR, el oP S Fbin BBTER PReEo50F Bt or
wll now i : r Nyionldfhm y TN e d.
. Anot her }églhﬁlpj tng&c}%ﬂé; d’gpé]?jsar{oﬂgt ?l°8§%§rpagﬁgﬁéﬁgngﬁ%§ﬂdp§t§k %HWE%P?{ h[%he
out of bain@d?@ﬁrdc@@ébriﬁ, il efdtacy splip@hirRnds Ce@fspbd@upRedd elosim) 3@ ¥hechatgeer
nunber 4 ~) then the data acquisition routine wll irientify this chamnber
as the prcardrofieon2 anébaliangingatoerectinowege ppenfgboseyaha B8 tonhd valve dgred 3. it
w Il alnost certainly alsg say that_one of the other chanbers needs a small

anouht of 1 M MAonLEoR{Elfer SPhins B Wil WREY &t sneggisriaor A/l the MOtBE WindmEs ARl | er
than the other one and wll ] C 46 and sonetines _chanber
a7 Gepondiir s B et Aatbdng? T LATRE et R Sl S RO e R SPRe

t he bal a i i :

oqui r et Tave SRR G0 PRt ORI R 1 B R relevant
it will allowolsgrheteapoyittd thanebhebes the4Ppadystiste hambbtTHeegavt dgvecimaled t he

wat er going into chanber 43, and |eaving | ess headroom for further
bal anci nqllossrssdtdhong betaasn aarseGinsaiing conobalodas by switahshg dre watsr floot

address two ¢ rs at once at one end unless it.is clear that 15 neither
of them 6@{9“‘6&%@)&% %Doarl‘fgfoé‘é?‘sif?%’f’ r"’tht"Fi‘lIlYﬁs CRRIAUVEGLi re a sim |l ar ampunt

of water . Simlarly because the ends of the nmachine are not truly

i ndependent systens but are weakly coupled ( as wll be discussed |ater)
then | ar qe QHecPhn RAbABRE:, ik GRSeBhryORdrEidial eciAP8hd bPPERE st@ic e

ot her, thus the bal ance controller nust not address two ends at the same

ti me unl dysamic insbalhmms. {llaaddestatieimbalanke ondotdqiites tglhddta demagesmoiine. 20
both ends require a simlar anmount of water. The easiest way to address
both of ©hE®ES premergiysendgemtionangie(rarRiarenangiedrat tagsane eationalong t he

Si hanbers .and.to th et,a dynam ¢, naise' .threshold equal .to | f of
ShisUar B il ARisua® ha LG o syl i £ By REmic B ERAGee pEtifs b AW Dl
only tur ' rs frwlot i | SERERY ar&aRHES 'S
pr esent g f%elgdthdl %pé\g}?tﬁ1%365%%r3c%§1aﬁl}\sﬂot%g8%§1i§fgio\ff ﬂf‘eé,gpiqs gri(gl}t?ée%raréZn~e ?ﬁlgn t he
i ncr emenkpacel usgtheendide nddthebQe€. |The enHeresulthilt thae buehfantic end dwgmnicude

calibration by adjusting this increnment value. Finally, a small apount of
hyst er esiTBbalanesscasduraprrasigst by afdinge potwe serararolocaiany aloggttha sPenXIS, Thi s
~s sinply achjeve y_using the above iterion.fo ci di en to 30
Curn o vEro SR et e Codl R B tht SERE G AR cofth e st

tupg it | AH1bd @i ' St ; r kigponly
tunged oﬁél%%g?e?et %%[)}? %gg%?ﬁlé%@‘ﬂ'%eﬂgrﬁ Sﬁgiog@}{&ﬁgﬁ equ?%roeﬂég{r-%@a:ns%nmss
t han it saue sienhatatd elihelimbatdrice maust lbe olithigedwor ds once the valve is on it
is not turned off until its chanber requirenents are addressed. Contr ol
Algorithns 5 The task of spinning while balancing actively can be

subdi vi i nt.o three.sub-tasks or. al.gorithnms: | nbal ance tection ,

A gor | t hiese BiggesTe) TRETHA TCHSE LRCR LR RIIBFE BHERCIRE ST e BR e ( sa)
The I b : CL i i [ L ELgur b ned
ol el y. vy Epeinh oLt ERprAcealht b iAot ichs 31 e kg SORERL T
t h25 not oThee@BsdPthat only two sensor locations are required and not four is that because the

relevant signals are sinusoidal in time and therefore contain two pieces of information.
One is the magnitude of the signal, and the other is the “phase” angle with respect to

some reference point on the spinning system.

30 Once the signal magnitude and phase angle at two independent locations are acquired,

a method is required to calculate the two masses and their phase angles with which to



15 routine. It is active whenever the notor is turning, and nmakes its
results available for the Bal ance Correction Al gorithm (BCA) to see. The
Spin Algorithm (SA) (shown in Figure 13) is concerned ! execut i ng
"the 20 spin profile asked of it. It ranps the speed ofaghgé%&%(%g
according to the profile requested and t-hlgl vibration | evel determ ned by

| DA. BCA (shown in Figure 12) is concerned solely with correcting whatever

i mbal ance | DAphaijfdet ermned.is.there, It is an .a vanceqocfont rﬁl al gori t hm
that takes “PRES RECHUHATHe DES 11 ABNGRY SRERT  HEnAYiSoer 51 hath Mahe “RE i ne
and | DA. BGA.{n%s 8Et r et i i

greater thgrg]b egf)sprOX|drgqtﬁg?%ﬂ%\@qob%r%%nd%%lg?%?@%ﬁsg%??hp %%%ggggg%ﬁe%ﬂgé To
det er mi ne bieourdealFiee QuinbetdETHiO athuiv duhérefortnippiag the maes wartornb s gngl e
of the once per rotation sinusoidal conponent in each of the signals.

Unf or t unat ekgtot,he callghal respase 'mawty; andyt BoG3Anvelse thaossusedtto iImarkthei skenah

cl ean sinusoid, but zs nessy due to structyral non-lineanttes in the

machi Re asVEEPT ba&K IR NESSFGENTFPISERH 1% HE@aFWF). The once per
rotation conponent or 'fundanental conponent’' mnust be sonehow obt ai ned out
of such a signal. 5 This is done by digitally sanpling the signal and using
the di screfge RRURIRLe OF BOGSiAREUERCH M Wbalahct & d?iﬂcﬁl??@i%%é%eh@in??ﬁ@%? an
entire transform which would 2ive us half as many~frequency conpdonents as
we have sighialis Sevmpkesomasypde obfignabaneenaiedi fimnlttanteasard thanloderd, aké essire
time in an 8-bit mcroprocessor), but just the fundanental | O gongonent.
The way t hif good tignalsiase tabtaingd.i feyrespenseonatiecd PeapPmgat Anpesdietablshand ned
by the val ue. of .once .per rotatiqn,cosine ve at the .equi val ent .phase
angl 01 ag GiFRaH FHBE 6 Ko n e eiRdmEapRere R SieRls Ach TS pdol the
results ov .00, : Vi : d l.ts.
This g ved R eanBpSRIgh dr B0 prii 1NRth e BrbIie, € WRRlerRlscl Bl

i magi nary foffe or)steQERRASHem Bt ABS héedallshlealieRARIITasEork® i§ eaRNbMAstiétandSi Ng
a sin wave instead of a cosine wave. The resulting conpl ex nunber may then
be convendbe signpblexe! fsaquite agieqiiatg atdgwispeelds- and phase angle of the
fundanental conponent in the signal. Also to prevent aliasing the input
signal is passed through an anal ogue filter first to renove frequency
conmpppent Lgheg. .t . i : : ] i

Founsy - andiogeiihe HEhidehes 80 shitfnSRERLE Dbt AT UEREYveRi b dfaf, rBRERlR,

per f or ned thisipig akidf b@E dHMDETHio imEMERhAIhe eéspbR¥OMHniRRhatareheds ihibamnae f
xed frequency. This of course requires a rotary encoder, which in this

appl i cat i ¢mfarse atithe hearing aesentdlies 1s redsonpbhyrdiagonal DG Boeshoti sy inragomplext i s
therefore necessary to use a 25 nunber  of FOi nts per revol ution that

di vi des eRRCF PrPRdictaRle MARBEWER SPEHMIIATT BITARRIATCEVD PURPIFF eIt dgdY by
t he not or [ S e & j r ' e
pre- progr St B SB(EIRErEoab IO ToRE (HEEFL BRtenl) oy S bERML EBRREREET
val ges nmay: BfcHobhdidTetie Ryued fisaht imestl @ef@r dgndlytcd mBasnte forofhet @pBseBEr Of
sanples per period. It is necessary to have a reasonabl e nunber of sanpling
poi nts pebal3fcingywfitht d aigic dobhaiWhére the dwor shippantimgnihesapphancarsefletibrsed
onto the fundamental conponent i ‘ﬁgll.beyogq t he cut-off frequency of the
| ou, ~ pasglffeif?ftfé'ﬁ1atTPﬁF}§1Pr?é’£H§S~t‘ﬁ§1t° 15 discussed later.

Sensors

To perform a complete static and dynamic balance requires four useful pieces of
information to be known about the nature of the imbalance. It has also been shown that
the desirable signals for the purpose of balancing are a radial component of force at
each bearing assembly supporting the drum, and thus two load cells of some sort are
30 required. In the preferred embodiment a pair of sensors 42 are located at either end of

the shaft 19 as shown in Figure 4.



“24°" February 200 -18 the nunber of sanpling points nust be at least 12 to
obtain reliable sanpling at speeds upwards of 200 rpm An even nunber of
points per revolution for sanpling should be used so that-fRESo0s taple is
"perfectly symmetncal, i.e. the positive sequence and i ence
are identical apart fromtheir sign. This~ensures that the DC offset 5 on
the i nput signal does not influence the flndamental conponent. Figure 8

il h ' | . filter ~? dth . d d I
component SR SUFRAPHTRY § iR Tirabeh BaRB IR o Lh BEECESrhIa R e
h b AT . S S . : i ||
bee? ur%/hg?ﬂagg%%%g?l |E¥ S muﬁg%?élnggﬁﬁiagg?gggug@bg xedIh g_ziaér}g{:?én}ga%%ma peﬂrlyI

revol ut i onsdiRst San bhlywakdsthrd Guetuadionk Xe thaddr @ruentyripiehBage @drogs theahisy.
rate. Further, the sine and cosine valves could be either cal cul ated or

interpolated fxoma table, which sinplifies nuch of the calcul ations. Once
the fundanental conmponent of the source signals iis obtain i i

inlelvi habl yTh%p@Gﬁ@aﬁ%wébweme%@ce BYRORES {1} T @tl%i?saaaheﬁ%e'rqt?e hﬁlP“eﬁ%fﬁFﬁ
the st anerS BERHRORE Y B ot SHiRted B SrciBhndd fladlinddiSplobo ol 3 et "¢
(0]
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address the e ‘nol se. 20 One ch technique is to I nplenment a
"Forgetting Factor'. Tlus is where every tinme a new neasurenent is acquired
the new average is equal to for exanple 70% of the old averaged val ue plus
in this cdsen®@@Wetail 0edecromns mountleokelikevee soreenric ciandried airgsrdfe /i ag

R W e ra, Rosdorehene® TordrHRRGE LGS ol SRR 0
ot memois? SpRRPEdtHR B e itk 3% ursbeddfel M GRBTASLSotld bk FHAEGhREY
the rreasurp@ﬁa&ﬁ/_ Gf%thé Bader HAG J@W@@dmr@ i9hdB&cH e tHeToadmpaRidiRIRES tRn

goes down. is’is sinply aresu of the fact that the averaged result
must i ncosper fiiceng eheeowder maws uléeeotsd fromahedeirutois méten ehtdvghno dearingilch of
24" " February 2003 | - 19 course can only be obtained fro ’

\ . . m past :

measur emeMaintedin thetinteanadlfeng 4Thidroegipiictlnad prdges 8 ﬁgdﬁ%f efll 42naterthice
t he ;averaged val ue _renenbers from past, neasurenent.s,, and thu e sl roit
r esdgnds 38965 %ﬁaearT‘?‘:oPﬁéntﬁat@ﬁi%ge?_al/FW%?feo . vgﬁééecaagrgciaﬁ%& E’éﬁtdﬂg}gﬁg
can only Behexefdligay Bﬁegemn%ﬂbk%@@sﬂdﬁ@to(gﬂﬁvéracm%%eﬁg&ﬁaﬁé biAnfngQeR t he
load) it I's not necessary to be able to ©obtal'n a perfect balance in one
“hit' . Frre dhuns, thas defoeming ehe piezosdisdhend pecedingbi eighal rapresemidteny of the
“approximatjons', the biggest of which is to treat the machine as two
independeﬁ‘{lbélﬁh@@ ﬁoréégree of freedom (SDOF) systens associated with each
signal source. The main advantage of doing this 10 is that the m cro does
not have to calculate and invert the 2x2 response matrix, it only has to
estpgate the two SDOF responses for each end. Since the neasurenent data
are conplex nunbers in Cartesian format (x & y), whereas the responses are
i n pol ar Deaagiic @@gRbk ude & phase), a format conversion and 15 conpl ex
division is required at each end to obtain the water correction vector.
While this is not inpossible to execute conventionally, there is a nore
si npl e approach: .take the .phases .o f the response and i.ncotpaqrate m
i r oot 1y B TR S RGN e RuERIY fEYAS fatrel TERERadt bsad | s ger
nunber of;.pajnt n, nhef | NQ: : i ; i sets
may tnen SApuar Ry 98 R IR AR B Bl U xR e

25 it simply refers to the nature of the control methodology. The alternative control

methodology is ‘static’. A static control method does not make use of or retain data on
the time dependent behaviour of its target system. As a result the method is executed
as a ‘single shot’ attempt to restore equilibrium, and sufficient time must be allowed to
lapse after each execution so that the system has returned to a steady state condition
30 prior to the next execution. Whereas a dynamic control method can anticipate the time

dependent behaviour of the system and by storing recent past actions it is able to



-20 angle calibration. Alternatively phase calibration nmay be perfornmed
using a rotation matrix acting on the vectors as cal cul ated wi thout any
applied offset to the sine table. Magnitude cali bratifog,u S
perfornmed later in the dynam c control routine. Once g‘{/diﬂ‘%\gﬁ'\égzgp%ed t he X
and y conponents of the inbal ance at eqclr}) end of the drum 25 it is then
required to cal cul ate how nuch water each chanber at each end needs since
t he chanbers are 120 deﬂrefgs a%art. | f };c.?e chanbers .were 90 d%%ees apart,
(i.e. ort hKSEORAPUTTY IEQTRRERE SYNGT) CYRRIGMICHER SYHET dBIFARFIRBEFEFPO8ST 1 i vi al |
but this would require four chanbers for each end and thus two nore water
control valves and associated drivers than necessary. A nore sinple

appr oach iBhd PafifddianedgR diftke predieed HAMRrdR dhubhd Bhohelcone@l dsopPRtd]AKES
that are |20 degrees apart, the sane as the chanbers. 24" " February 2003
?0 The wadjus fompsaapatci¢sssanidsviver hey appdag rathbethEo beivmg toexiinfanube nses
sine and cosine wave forns to gfg_r act the orthogoqal X and y projections.
Thi s F ol | GRECHHAT EIRALO IS TPYRSF71F emevsems WHALSIaWe B51 espanse | Bis isigne

wave that is .has,been shifted ot .ef rees., Therefore 1o split
the si gna|cogg§§r§}>ge? ‘{agmmﬁojlgc‘{'?rc%negﬁtchg ltyath ngﬁg@%cmgﬁtsb%ﬁﬁorg a’%‘iﬂfﬁt ‘9'“?1
requires S
bean Shi ed o TR T R e o B e
phase cal hbs A signifi@nasirkg\his epieseds ¢ berqrghly epproaimefedtanel tthFi)ﬁj’a@B
onto the first two chanbers. To obtain the projection of the inbalance onto
t he thi r dvehatBerorkovele Abonbgcaysetheiyngsse eenyelésrtruny on st dasissomliadp,
thrjs vectors of equal nmagnitude anﬁi all .spaced 120 degrees, apart gua’;t be
equal to 3%fBOSEEREF PRE RUATGEIAM {RPE& P’é&aiho‘???%&&lsﬁs ngIRadc [ag,

t he projegt.i [ j : | f : f

proj "ect | B SaEeRtRebdph FE0 BIR Hostte My Hec ko oo MBIl
response phasabasidEsviidie thbfeeds wal Uas: ot aiffledlrprRssdgdedt difteRFReEAE 4 he
projection of the restoring 15 water bal ance required onto each bal anci ng
chanber. ¢amextiop, at | east one of these three projecrions will be negative,

representing water to be renoved fromthat chanber. This cannot be done and
so we sinply add a constant to all three nunbers so that the npbst negative

nu rb erq: e r . rant eed positive. Overall
Cog%ol g@gﬁgﬁﬁe&g}f éé%v%%lﬁﬁdgé%iﬁegfﬁ%}é&#&#ﬁe Spin process is assigned
to the spi n alGRehbhhseihrahdodsRbbASe ADatnch st PRImsReed 18tz ake.a R

di sables the BCC. Its..first task 1s to better distribute the wash load to
al | ow spi nni ngevalutiens o reath atsteady esrage bbwibspiion.speed the vibration is bel ow
the initial threshold, it is allowed to spin tf the m ni num BC. ~ speed at
whi ch poi°nt BGH& fOE2HRS FA0T HETRHBE PR ARG t92g fell dagp RcpBsigRn TREaNSPaL HIS| d,

an orror messayaeef dptesd AR AHnite b ERRIMEELS R B BP9 bRk oo

theepin is aljgwed to continue For the desired period after which the bow
is stopped, valves are closed and BCA is disabl ed. 24" " February 2003 -21
Dynami ¢ Bal an€ihagge iB&Alahce sateeo Hidie andchiie ished van cestaueneacds; ovatet gadditibphm
shown in Figure 1? begins with_calibration of the phase information from
the | DA. The S3BWresanyHERSToMHP i PRy $6§98d%Hpt i onal dependi ng on the net hod

used (al ternaty-ve is Q. apply | ffiset t sine._table). Follow ng this
t he vectors atrweatgrof:ﬁ]ﬁ?cr lsoéldg'gﬁldlht%h@a{jer@éealnsgpg\?}%!) SFi BT %fe%pfl B 1tngdr.ng}"f t he
enable flag i §hg,{aléeqlﬁﬁqaf_,my beuekpiafopedd airhhup s bel ow a predefned cnti cal
limt the decisi 6n~takng process %egl ns. Firstly the vibration level is

co@pared to a nunber of threshold values to assess whether to enable
increase_of the bowl speed. Then 10 depending on the |evel of vibration fne
or coar sE ip|teespin qyicithe merching & todampl veg)! @oer 90 o it abaubt aun tree

current | BECTETTaPaY ARRTSASHRETY Rt At oET T -Sans SOLEE! hicr o e
whet her  fho, Ba%m.OC&lsg@f;enﬁ%he%h&eueJ mg@t bt aBn:etJ"Pésgo AW SRRGds fih dhe | S

not enabled' |1.e. acce atfon is allowe and the speed is not “currently at

t he desibashdeatgedbs tirMpichihdieithbubhemashirdvesbahkonedtdadyisae easdition. t he
target level. At this point it loops to the start and begins another
itédation, efAeqrevienylycstatddniousdyyarssneentel~tarks doplameeniednpeuptrdsent t

reaches the target eed. 20 Further | nprovenen It will be appreciated in
ho pr oRTRY LSRR REATRET Y i VIREHT VG EHAL AT Ris fra¢ dependent bEhaviodr




- assumed to be supported on a rigid surface such as a concrete floor. Were
this is not the case, for exanple, wooden floors, and the entire washing
machine is permtted 25 substantial displacenent duringn yclle,
- then-those techni ques previously described will not bgﬂéﬁgﬁyéﬁeagﬁcc ssful .
Therefore, in a further inprovenent the present invention also provides a
met hod and apparatus for correcting for-$pirn i nbal ances when the washi ng
machi ne is supported on a non-rigid support surface. 30 The equi val ent
spring sysbémewhadhng. epfors entcssdlher mps kv m M@ Rch he weaghiiseakr armeontQ2s and
the reference surface is shown in Figure | =~ The first spring 106, between
the 24 "aRE8AQREYNOEISNS ST HG Y eimmMarts) St dss 1 4BE AR nehat compeqnsg any,
effecnvely represents the elasncm of.the |oad _b.-idge which conne; ts the
bear i ng motRCoUS FRR SRS uRb Ot gP o8 e TG B B O
bndge al S%Jp?éﬂﬁatélr»"%g’iggiegi aﬁr?étg oxjﬁo@idw&%} |ad&ﬁfo%rbaﬁ9c§b$¢r§]rﬁ?detrg@ 1 B& CEfect

bet ween the drum and t he washi ng machi ne. e second spnng 5
conpofient h0Baitinkghiis. esenmilee senilbatdepaiasthat theeftdcrblie ceupPiansyy fsace,
for exanple, flexible wooden floorboards. The second spnna 108 is conpl ex
and i ncl udedl tacdammtkiongh conposiensls A thpsmystabmae! wesdiife: tthd sawne| fermt | on
or di spi acenent o[ tr}e drum 100 relative to the refer ence surface 104,

i e. a staBBIFAFY ) eHl@Hiaitde P67 AL TEOCRIVaF B REE NS Yhich '@lkenitogi®ae ent her
to a non-r t.of th [,ng itself or on 10 an adj acent section of
t he | oad @g{jl%ngg? grgée?ldﬁ&%’?* %O%E?é &t that the machine is spinning at a
particul ar speed and is in a perfectly balanced state. Suppose we now add a
small "Qut O Bal ance" (FoBlI |oad at one end (by injecting some water into
one 16f t h&ohdd thrscaccormelyeregyired & coimplaartsordfofithe comrbilere phSt dmivmgedr as
entirely as independent nmechanical systens then we woul d expect that we
woul d nowTHERPAHES BaTkoScB NGRSt B FCRETIONE 28Ad BBlEHI KN ShEN G Helags veftasrmanihd
that nothing would change at tl'ie.,oth end: the other end,would .renain
por f ect| yPrEanih SHERGeRtadan G B 2hheafiiEn Li0fs A Bhe SR ET HiteiBRdin,
systens, apd b Gorael Hi¥iol of HREINARY WHUPEHAIRAS Wi 3R Joftiis Sadter oth
ends of the rtracr?{rngl.e ‘Il' g‘t\?vo Iends ar 8*&@% d 20 to be 'goup e%l' ﬁgggfﬁgw As
a result édratpguisiscouwrdbo,nen thére cabseare sd Effece of edfsohisadryondllerduid tie
machine is related not only to the "out of balance" Fo,~ vector at the sane
endiSbut Prltndicaners. CnesEplifisetior “oghl bevraprratimaie hetaras: whighsng e

machi ne. us: F~.= R ,~ *Fozei " *Foz= 25 erg F, .is. the force vector
measur eogd; l%ﬁeta@rlﬁj%f SPW%%F%E}H%%}R Elcgué‘ 9a du?:%l,eg:“_lg‘?l@?{éﬁég%B?‘ad tctors
at ends 1, a5y a81e 2Pt dielon 208, Bnd rediRds B QTAILBACHATHN SN adgiaBRNS
factors trat Fo,a, and Fo,a_ havé at end I. (Note that R, ; and R, are

al so vecthmt syergrnshs suilh&i sdrmplgcanéd.r Aavery cutdadepraxmbapha o€ tHeayaof waightihg

response) 24" " February 2003 - 23 Simlarly at. end 2 we may wite
curve 1s the neganve exponential 62 also shown'in Figure 9. While this sounds

20 complicated 1t is in fact exremely easy to achieve, it is simply a forgerting factor type
average. All that needs to be done is this: for each water conrtrol channel, create an
effect in waiung variable and each ume the control loop execures multiply it by a
certain factor (berween zero and one) and add to it some increment va]ue"if the water

control valve for this channel was on duning the last loop. Compurationally all that is

(9]
w

required is six muluplications and six addinons with each control loop execunion; a vast
saving. To avoid the need to have different forgeming factors dependent on speed, the
control loop must be executed on a per revolution basis. This is simply achieved by
executing the balance control code with the once per rotation sensor, directly after the
data acquisition conversion code. Of course all quantittes of water must now be
30 calculated in terms of revolutions at the present speed rather than ume, but this is a

simple matter in that the magnitude calibration factor will now vary like rpm rather than



"Fz - Rz i *Fom+ Rzz * Foisz S Wiere F, is now the force vector as neasured
at end 2 and Rz, and Rzz are the individual response factors that Fo,a, and
Fo, az have at end 2. These two equations may be mathe Ehpqhh%¥&® brmed as
a Matrix equation: 10 F=R*Fo,a Wiere F is the colum Vécto \ ctors) F
15 [F FoB is the colum vector (of vec[qp§) FoB~ 20 CFoBZ R is the response
matrix (of vectors) 25 [R, R'" Now, if the machine held the bow absolutely
rigid while spinning then we woul d expect the force transducers to neasure
preci sel y TPReqH vectors required for the 30 centripetal acceleration of
the Fo,B | oad vectors. But this is not the case. The external structure of

the machine is not infinitely stiff, and neither is the floor, the house,
or even the L WnUudd@nsidee 118148 e dmliddrit onéARE: a Hfned if BRUbT JfmaidmECe
transducers al so neasure a conponent due to the nechanical response of the
machi ne whoathisidsreatly wppbiiononé ofithe diarhbersdbaow ehdmiperhiumebeat 4 3icthen ehe 8dwor ,
house ...), and also of bow 24" February 2003 _ 2:1. _ rotation speed.
?rot & t hakcquisitign treuEne W illaidedipoibist CRAMBECAT Hee r PEPSAS SNehagedink @tehe
coupling terns in the mama (R =.and ~.) .Signifjcant and the ol e I X 1IN
general | F’r‘%%‘?rba\ée {QDQISE PR S EHAlS: 1 %Vlﬁsaqﬁlgf‘ CHIRRLY 3080 66%2?%0513%%53

t echni que =~y ' : - y
dot or i med PR b A B BBl o R B el
conbi ni ngwiipheemuek tsefalRhthas Qb @thér 0he Wt 31l] abnraietesebe dMantirp kel a
new vector quantity 10 for which the response matrix is uncoupled (i.e. R
and R~~ asandtimeesshamber ¢iiideperting papw® Wharthe tase wheinthe fask {4 ravofutons.

function of unknown paraneters and thys can be fact calibrated. 2) O by
iRy o et PHRCRGBR] T GaT e HesF o pgeToret Al

_ -1 : &tfﬁfggggﬁ?@er@qqéf)lqn S

macrix RO e BrelS OB HRERRCSY widreb il R 0k PR T RGhBTP G,

;ggg: rereztc.fhgﬁlb%gdﬁlea%grﬁim ﬁgg%gﬁ@ﬁg QBmETEHS HeSwhier RASE [ froabBAhsdres Y einldi cal
leaving less headroom for further balancing corrections later on. Clearly the balance
controller must not address two chambers at once at one end unless it is clear that

15 neither of them could be due to noise, i.e. both of them require a similar amount of
water. Similarly because the ends of the machine are not truly independent systems but
are weakly coupled ( as will be discussed later) then large out of balance forces at one
end cause ‘ghest images’ at the other, thus the balance controller must not address two
ends at the same time unless it is clear that neither of them could be ghost images, i.e.

20 both ends require a similar amount of water. The easiest way to address both of these
problems is identify the maximum water requirement out of the six chambers and 1o
then set a dynamic ‘noise’ threshold equal to half of this value of water (as shown in
Figure 10). A water valve (e.g. 5) 1s then only turned on if the result 72: of its present

requirements 70, minus its present effect in waiting 71, minus the noise value, is greater

25 than the increment value mentioned above. It is here that we perform our magnitude

calibration by adjusting this increment value.

Finallv, a small amount of hysteresis is necessary to prevent repetitive short valve
actuations. This is simply achieved by using the above criterion for deciding when to
30 turn a valve on, but using a different criterion when deciding when to tumn it off again.

The off critenion 1s more simple: a water valve is only tumed off once i1ts present



*The second technique is ve: v clever, but has several di~culties associated
wth it which are outlined further on. First Method - accel eration
nmeasarernent 25 Fromthe system descri bed above it MAbhm'grﬁﬁgaggnt hat
“the force neasured by the load cell will not be an acgurate sure ol the
i mbal ance. In order to determ ne the inbgkance to cotTect the controller
nmust take account of the effect of the conplex systemexternal to that

absolut o (GALEUPIERT 1At A (R E7SI5PL G CLH DS [N pREC Rt ict g valve is

53€%%
February 2 1 - = : %ﬁ; i he spin drum and
as is the %gg&%&oéﬁé%églogﬁ t|¥101?155(i)1-'f t egrgéﬁl'ﬁ]énggﬁﬁe?%g%c}xgésegy t he
acceleroneter. This force in turn is then conposed of 5 Fa - Fob + F~ where
Fo,~ is the out of balance force and F, is the force neasured by the | oad
cel | . By rEeamtrahgdgenithfse out of bal ance force Fo, ~ nay be expressed in
terms_of known 10 variables Fo,~ (m x aa)_ F, and calcul ated by the
contrdller. Wiereas F, would be available fT OnIDA as previously 15

descri bed, .t he out.put of t celeroneter wouyl d need,to be. put through a
aim ar 1 THeArRG! BripeleRle PHES BRIy AR o R e R Sk s
The drum rggg?smlp&ngs estimated based on the known wei ght of the drum the
anount of er added to the | oad and known characteristics of the |oad
based on the "type" of l|oad. The "type" of |oad may be determ ned using any
one of a nunber of well known fabric sensing 20 techni ques such as that

di scl osed i n odmbafpatBetecu@brdderiththe aboveIlPdWes t he assunption that
each end of th rum ay be treated separatel y. have found that by using
t hi s %et hod thi%saq?%ceaggﬁ‘??%éf%? sunpt i on(?é% ver in some cases this
may not be ade erefore a nore acc t\e system 25 may be
required. In t%%gﬁ%&gggfhwl S necessary to taﬂgﬁ‘l)nto account the coupling
bet ween each end of the drum To this end a coupling nmatrix y nay be

determ ned by successive tests on the system where ~ is the ratio of the
posi tion The ThbatanierRetettion Algonthin () [shoytrhinoFiguie 1 iy isrgonaedhed sofely he
inertia factor. 24" " February 2003 -7?6

with the acquisition of imbalance related data, and is embedded i the motor control
15 routine. It is active whenever the motor is turning, and makes its results available for

the Balance Correction Algorithm (BCA) to see.

The Spin Algorithm (SA) (shown in Figure 13) is concerned solely with executing the
20 spin profile asked of it. It ramps the speed of the machine according to the profile

requested and the vibration level determined by IDA.

BCA (shown in Figure 12) is concerned solely with correcting whatever imbalance IDA
has determined is there. It is an advanced control algorithm that takes into account the
25 time dependent behaviour of both the machine and IDA. BCA is active whenever the

rotation speed of the machine is greater than approximately 150 rpm.
Signal Analysis - IDA Processing

30 To determine the imbalance in the load requires the magnitude and phase angle of the

once per rotation sinusoidal component in each of the signals. Unfortunately the signal



“lam |I|" Il _7-~1a ~l ya% 1rca, ~~+tai i J I fromthis we my

cal cul ate the out of balance force: F,b = yrr~tl+F 5 where the accel eration
vector A may be represented a~ A= - a~ and the force [gas € I pad
"bridge F, as ~1 F °~ F Second Method - determ ning thengvs'f%%aﬁiezsdggnse 10

Whereas previously: F=R* Fo,a 15 If the. [esponse of the machine is
relatively linear dF = R * dFo,Q 24'" February 2003 Were dF and dFo, B

are still 2* S ' ¥ t -
Fepr esent sCerSarblY f A YR Bk RSy HEIRRRRE eyl n che
vectors dFgyzhindOdeV&dlh ab RIS Fregledr [tte¥Breict | (RN TR TonRd QU rdihi§ord 0B
vectors needed to renove the F vectors neasured. To do this we need to
rearrange tympodrtpryifingdaaatialstoapbyers thestibevermehof dBrained (&) of sdich=a
inv(R) * R* dFoB Yielding 10 dFoB = inv(R) * dF Since any matrix tines
it's inver¥&nglives the identity matrix. Let us also call the inverse of R
"A' since it is really the "action' matrix that tells us what to do o ven
what 15 nmeasure. Thus: dFo~s = A * dF Where A = inv(R) 20 The problemis
we want t LE : . {a TR a I tr K

addi ti ona?rllglhbrﬁgt?%%y%ﬁ?%ﬁg enghgﬁgﬁ)en%t@h?ln%@%ﬁ?ﬁg%o@ﬁérg& Itoel% é&smjég%fg?rg t he
addi ti on agchnique. Itisnot necessary to compute an entire transform, which would give us half

as many frequency components as we have signal samples inside of one revolution (and
would also take some time in an 8-bit microprocessor), but just the fundamental

10 component. The way this is done is to multiply each of the signal data points obtained
by the value of a once per rotation cosine wave at the equivalent phase angle lag after
the rotational reference mark, and sum each of these results over a whole revolution,
and then divide by the number of results. This gives the real (or x) component of the
complex number result. The imaginary (or y) component is derived using the same

15 technique butusing a sin wave instead of a cosine wave. The resulting complex number
may then be converted in polar form, giving magnitude and phase angle of the
fundamental component in the signal. Also to prevent aliasing the input signal is passed
through an analogue filter first to remove frequency components higher than half of the
sampling frequency.

20
The discrete Founer analysis may be made considerably more simple if the sampling

is performed using a fixed number of samples per revolution rather than a fixed
frequency. This of course requires a rotary encoder, which in this applicat:ion 1s already
provided in the form of a DC Brush-less motor. It is therefore necessary to use a
25 number of points per revolution that divides exactly into-the number of commutations
per revolution executed by the motor. This also enables the sine values that will be
required to be pre-programmed as a table (termed the ‘sine table’), from which the
cosine values may be obrained by offsetting forwards by a quarter of the number of
samples per period. It is necessary to have a reasonable number of sampling points per
30 revolution so that the order of harmonics that are aliased onto the fundamental

component is well beyond the cut-off frequency of the low pass filter. This means that



- dFoBa, and the correspondi ng changes in the force vectors as dFa. Renenber
dFoBa and dFa are both colum vectors (of vectors). Now repeat the exercise
but this tine adding 25 another small addition to th &ﬁnr}%oruglg hr g tine
*let us-denote the addition as dFoBb, and simlarly the cor Qarna change

in force vectors dFb. Now we can conbine; ¢ he two experinents toget her to
write (dFo n, dFoisn) = A * (dF, dFb) 3%) ~4™" February 2003 5

9,7 oA SRyt & 51@60%95}??&&%8‘3?%%%% S %’a 4! 50
by the 'nVr\%SéfrdeofBﬁO hiab A rhévrk\ﬁ(rgﬂrber gorﬂs: per F(EEGn Mr@a ﬁhv]sgoé‘ld‘b

DFo,~ * inv(DF) 1~ And ‘thus the acti rix is now kno
used to calsedlsatthat the ¢y tablet ik erieetivisy enehiai, nat tmddﬂ@vﬂmh&daﬁ the
vectors. To illustrate all this here is a worked exanpl e. Suppose the

machi ne i mqgaezeﬁcdrgcnsprarmndngne@tl aperteTemrtbeiantgns pBlad enauestthar tho Dfe offiset or s
we measure a each end 2 =.Cl LO 25?0 Now suppose we add ogg unit of
wat er’ at SO HE TR signal aewtﬁrﬂge% taf dundamenial JRmBRRE T of 1Burs & diusirgtes

become: I:th lton_aL]L%n@Hh%a 2RO & ﬁ%tecﬁﬁ%dgh]\éﬁ?al cgﬁd&%%ﬁngltﬁ h??sagg chgt' gr

30 dF~ - Th& SECORd Fun su

at 0 at end 2, and nothing at end 1, and the new force vectors becone:
24'" February 2003 -29 F'eW2 = 2.414L45 3.200L57.7 This gives: 5 dFoBa -
COG 0 ~ amdtedn&iwel$0if a more powerful microprocessor is employed then by maximising its

data acquisition capabilities the noise problem will be further reduced. This would
10 mean instead of fixed sampling on a per revolution basis, it would be on a fixed
frequency basis - at a higher rate. Further, the sine and cosine valves could be either

calculated or interpolated from a table, which simplifies much of the calculations.

Once the fundamental component of the source signals is obtained it will mevitably
15 contain some noise component (i.e. consecutive measurements will have some
variance). The best way to get rid of this is to ensure that the signal source is accurate,
clean, and has linear response. Once the source end has been addressed then averaging

techniques may be used to address the remainder of the noise.

20

One such technique is to implement a ‘Forgetting Factor’. Thas is where every time a
new measurement is acquired the new average is equal to for example 70% of the old
averaged value plus in this case 30% (=100%-70%) of the new measurement. Here the
forgetting factor used was 0.3 since 0.3 of the old average is forgotten and replaced it
25 with 0.3 of the new measurement. This form of averaging suits microprocessor based

application since it is inexpensive with respect to both memory space and processor

time.

The main disadvantage with averaging the measurements 1s that the response time of
30 the imbalance detection goes down. This 1s ssmply a result of the fact that the averaged

result must incorporate several measurements tn order to reduce the noise, which of
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conpensat i | nbal ances of sal rum and any | oad carried therein
duri ng de(§DOR)ispstenis akdveidtedidithsaict siymi eourcenheshaig advantage of doing this

10 is that the micro does not have to calculate and invert the 2x2 response matrix, it only

has to estimate the two SDOF responses for each end.

Since the measurement data are complex numbers in Cartesian format (x & y), whereas
the responses are in polar format (magnitude & phase), a format conversion and
15 complex division is required at each end to obtain the water correction vector. While
this is not impossible to execute conventionally, there is a more simple approach: take
the phases of the response and incorporate them directly into the discrete Fourier
technique as offsets each of an integer number of points when referencing the table of
sine values. These offsets may then adjusted as the machine changes speed for phase
20 angle calibration. Alternatively phase calibration may be performed using a rotation
matrix acting on the vectors as calculated without any applied offset to the sine table.

Magnitude calibration however, is performed later in the dynamic control routine.

Once having obtained the x and y components of the imbalance at each end of the drum,
25 it is then required to calculate how much water each chamber at each end needs since
the chambers are 120 degrees apart. If the chambers were 90 degrees apart, (i.e.
orthogonal like the x and y axes) then the problem would be trivial, but this would
require four chambers for each end and thus two more water control valves and
associated drivers than necessary. A more simple approach is to calculate the projection

30 of the signal vector onto axes that are 120 degrees apart, the same as the chambers.



- sensing neans | ocated at nore than one position on the drumspin axis for
detecting rotational inbalance in the load, a digital processor which in
use receives as inputs signals fromsaid sensing 10 ﬂ}SFebﬁJ@ﬁ/ﬂb gr apmed
*to calculate the value and position of one or nore sses_Tequi t o be
added to the drumto correct the sensed jrbal ance, correction nmeans for
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angles the three values obtained are made to represent the projection of the restoring

15 water balance required onto each balancing chamber.

Finally, at least one of these three projections will be negative, representing water to be
removed from that chamber. This cannot be done and so we simply add a constant to

all three numbers so that the most negative number becomes zero and the other two are

20 guaranteed positive.

Overall Control Strategy - SA

The overall control over the spin process is assigned to the spin algorithm SA. It begins
25 with the bowl! speed at zero, and disables the BCA. [ts first task is to better distribute
the wash load to allow spinning to begin. If at a very low spin speed the vibration is
below the initial threshold, it is allowed to spin to the minimum BCA speed at which
point BCA 1s enabled. If the vibration is not below the threshold, redistribution is
retried a number of times before stopping and displaying an error message. Once BCA
30 has attained the target level of spin speed the spin is allowed to continue for the desired

period after which the bowl! is stopped, valves are closed and BCA is disabled.



-means such that the resultant v clue and posirion of the added nasses is
substantially 10 simlar to the said estimted value and position to
correct the inbalance. 3. A laundry appliance having 2§Bﬁlﬁmfl el for
dehydrating a clothes |oad, driving neans adapted to | e e d dr um at
speed then eby dehydrating the |load and gt |east two independent system for
conpensating for inbalances of said druhrand any 1 ~ load carried therein
during dehﬁgratLon of the | oad, each said system conprising: sensing nmeans
| ocat ed at D¥yAamdE BHRBCIBEsi BS-dns on the spin axis of said drum for
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use receives as inputs signals fromsaid sensing neans and programred to es
timte theyvaldie @i RAS Bd1Ae0toRBRid alTRHRhABSRR% 20 FighAl 1ethdtndeyigded
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| oad and shreyistldnviloes comsesssavhatief do dnabld amreaseodf she dadvluspeadd dimgnl oad

carried therein during dehydration of the |oad, said system conprising:;
sendilng rréap@duaga%aheaievl%Pévmxaﬁorb#@ep&wrS@rﬁ%w QrHESAHMY Sperokalees) or 5

detecting_rotational _inhakan i he..l i gita rocessor ich in
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processor is programmed wth software causing said processor to carry 10
out the folhkthsr ngopérepscldse eavhviaixar THea if tiedioldbalvi ipded findendiaasiledn.et he
out put of said sensing neans; 2) energise said driving neans to

redi st ri baecglarpeon analloiedi andsticFraeding net urentiysat thadearediapenerel, shabove

a figst predeterni.ned threshol d; ol f _sai.d estjmated .i | ance .is be|] ow
Sai 4571 - oS reeR ARk Pt do et b Efrdle ATTBICEnpE R R BahE stRT o
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bal ance A B R L e e B e
t hr eshol dt esaehes st wmaged spegd.ecti on means such that the resultant val ue and
position of any additions is substantially simlar to the cal cul ated val ue

and position to correct the 20 inbal ance; and 5) energise said driving
nmeans to apply a further faster rate of rotation to said

20 Further Improvements

It will be appreciated in the preceding embodiments that the washing machine is
assumed to be supported on a rigid surface such as a concrete floor. Where this is not
the case, for example, wooden floors, and the entire washing machine is permitted
25 substantial displacement during the spin cycle, then-those techniques previously
described will not be entirely successful. Therefore, in a further improvement the
present invention also provides a method and apparatus for correcting for spin

imbalances when the washing machine is supported on a non-rigid support surface.

30 The equivalent spring system which represents the spin drum 100, the machine frame

102 and the reference surface is shown in Figure 14. The first spring 106 berween the



-drumso as to effectively dehydrate said |load. 6. A laundry appliance
according to claim~, wherein said step (5) fiurther conprises 25 the
following steps: S.a) estimating the rotational i nbal%ggmm

‘output of said sensing neans; S.b) if said estinmated | _hbal hEe 1% bel pw a
second predeterm ned threshold, energisiqg._said driving neans to increase
the rate of rotation of said drumby a 30 predetermnined increnent; 24" "

February 2003 -34_S i f said. estjimat i nece i s above a,second
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second pre8eterm ned t resﬁol d, then addi ng one or nore sses to said drum
usi ng sai dvadifieaiachmerTanshnderdlssfendithg bans 5f grildad edit wihadleshesiréedki on;

and S.e) if the rate of rotation of said drumis below the level for
ef f ect i ve fdetey deaveemthsf drumeand g, frame rofrthp eeashmg meebise( ke sacond Spopg 7.

A layndry applianc s claimed in claim6 wherein said processor includes
10 stior agSOMPATERARRE Daps CaeEPIoSeTs L pTT GBSO HE SYRAOFOIMTFRF St 58amBlee. 1)
if said esgtl | rhal~an L5 abqye coig, P ] :
estimat i ngl%%{;]ggé g?%%%'d& ?t%gfbg’a%%t’ a??l\cé)nsé Olﬁgrbal aﬁcégggégg%ﬂggh‘%ﬁﬁi éu‘%ego‘%

sai d sensypgpRABSmABHeHal 8. 34 6f R4 b heaaiitt Bk Qkaderat@ans difisibewthad of the

pr edet er mi ned nunber of past corrections made by said correction neans; and
15 S.c.iijirnirth K¥I telesvd nathedrdafedeatasudacs 188ove. a ssecmady peidetcr poingc
threshold, calculating a corresponding correction based on said estimated
steady st 8¢%€!eromatsTonlal 1s CABRACEGfe@theg 10 A NORNTRIRYRSPHT PAHIEDEAIING 1E5eHT 9t
clai 6 wherein said coire Lion nmeans has 20 a fine node of control and a
coarfe mofedFACTYREFD § H‘ng‘?cgc‘sl[rgﬁ £S.d) conprises the foll owing steps:
S.d.i) if said estimated inbal ance is above a second predeterm ned
threshol d but below a third predeterm ned threshold, then controlling said

correct i dNowganssidedshat the machine is spinning at a particular speed and is in 2 perfectly

balanced state. Suppose we now add a small “Out Of Balance” (F ;) load at one end
(by injecting some water into one of the balance chambers). Ifthe ends of the machine
15 behaved entirely as independent mechanical systems then we would expect that we
would now measure a force vector at the end to which we added water, and that nothing
would change at the other end: the other end would remain perfectly balanced.
However, the ends of the machine are not independent systems, and in reality we find
thar we now measure a force vector at both ends of the machine. The two ends are said
20 to be 'coupled’ 1ogether. As a result of this coupling, the observed force vector at one
end of the machine is related not only to the “out of balance” F, 5 vector at the same

end. but it 1s also related 1o the F 5 vector at the other end of the machine. Thus:

F, =R, *Fom ~ Riy*Fom

Where F, is the force vector measured at one end 1 of the machine, F 5, and Fyp- are

the F 5 vectors at ends 1 and 2 respectively and R, and R, are the individuai response

factors that F5, and Fy . have atend 1.

(Note that R,, and R, are also vectors; each consisting of magnitude, and phase lag of

30 the response)



said fine node of control to add one or nore nmasses to said drum
corresponding to said 2S calculated correction; and S.d.ii) if said
estimated i nbal ance is above a third predeterm ned th gglhlgibd, t'%r
controlling said correction nmeans under said coarse nj ol r%%%%hél t
one or nore nmasses to said drum correspoil.di ng to said cal cul ated
correction. 30 9. A laundry appliance as tlaimed in any one of clains 1 to
6 wherein said sensin ~'" February 2003 -35 neans further conprises
filtering ngﬁﬂgarb’oﬁt e@%ﬁd?"’?irﬁﬁ?{ #3"*®¥he out put of said sensing neans, said
filtering neans including: a |low pass filter for filtering the output of
sai d sensing neans and providing as its output a | ow passed out put signal;
5 position preaps «kor $q:g)§’i=mogmt he angle of said drumrelative to a

pr edet er m néd réfer@nce;” and ‘sof t war e programed into said processor
conprising the followng steps: i) multiplying said | ow passed out put
signal_ at predeterm ned angles, of rotation of said drumby a val ue
accor di ng t6hemseFcosnaw Bie forse dregias o meapwredoataentmr eadifi 9§94 Rn @ref thest

product; il),.mtiplyin ai d |l.ow passed_output si at said

pr edet er mi V‘éiﬁ‘@i Eeé\f;%gar%?tﬁrﬁwt fO/B$3P%Fé/PUﬁ?‘b%/atan\rag'ue according to the
sine of the angle of said drum resulting in a second product; iii) adding
the val ues of said first product at each of a predeterm ned nunber 15 of
intervals gwge Bvd bltaticdbahiPbe lathérnaticlllyaomisingd ub diMgtrixheqsdiisnby t he
nunber of intervals thereof, to produce a first result; iv) adding the

val ues of said second product at each of said predeterm ned nunber of
interyals gver a full rotation of said drumand dividing the sumby said
numbéf of it BrvEes, to produce a second result; and 20 v) supplying, a
conpl ex nunber conposed of said first result as the real conponent and said
second result as the inmaginary conponent, as the input to said processor in
place of spidroutiple Afluafi Gedibf ©f ve6fR2d)NY means. 10. A laundry appliance
as claimed in claim2 where in said step (b) conprises the 25 foll ow ng
steps: b.l) instructing said correction nmeans to add a first small

i mbal ance at ondepd of said drum b.2) storing the detected rotational

i nbal&nces at hj end of said drumas a first neasured inbal ance and a
second measured inbal ance respectively; 30 b.3) instructing said correction
means to add a second small inbal ance at the 24" " February 2003 -36 other
end of saikbrdisuke calanm vagtos (f Y§6&ehe subsequent |y detected rotati onal

i nbal ances at each end of said drumas a third nmeasured inbal ance and a
fourth neasure Piofrgpjtl ance respectively;

20 Fom

D add

R is the response matrix (of vectors)

R, R
25 &R

[¥4

Now, if the machine held the bowl absolutely rigid while spinning then we would
expect the force transducers to measure precisely the f:orce vectors required for the
30 centripetal acceleration of the F5 load vectors. But this is not the case. The external
structure of the machine is not infinitely stiff, and neither is the floor, the house, or even
the ground under the house for that matter. As a result the force transducers also
measure a component due to the mechanical response of the machine which is a

function of all of the above (machine structure, floor, house ...), and also of bowl



-5 11. A laundry appliance as clainmed in any one of clains 1 to 6 wherein
sai d sensing neans conprises at | east one piezo-electric force transducer
provi ded at each end of said drum adapted to detect t ?4u| ,g%ﬂ%bio%ces
“acting on said drumresulting fromthe rotation therepf, | auhdry
appliance as clainmed in claim11l wherei n, _!sjal d second sensing neans further
conprises at | east one acceleration transducer provided at each end of said
drum adapted to detect the |inear accel erations actl ng on said drum
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where F_, is the out of balance force and F, is the force measured by the load cell. By

rearrangement the out of balance force F , may be expressed in terms of known

10 variables
Fo/‘b = (ml X an)- Fl

and calculated by the controller. Whereas F, would be available from IDA as previously
15 described, the output of the accelerometer would need to be put through a similar
filtering process to the IDA, in order to provide a useful signal. The drum mass m, is
estimated based on the known weight of the drum, the amount of water added to the
load and known characteristics of the load based on the “type” of load. The “type” of

load may be determined using any one of a number of well known fabric sensing

20 techniques such as that disclosed in our US patent 4857814.

The above makes the assumption that each end of the drum may be treated
separately. We have found that by using this method this is a satisfactory.assumption.
However in some cases this may not be adequate and therefore a more accurate system

25 may be required. In this case it is necessary to take into account the coupling between
each end of the drum. To this end a coupling matrix y may be determined by successive

tests on the system, where & is the ratio of the position of the centre of gravity to the

length of the drum, and « is the inertia factor.
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from this we may calculate the out of balance force:

Fop=rmd+ k)

where the acceleration vector A may be represented

and the force measure of the load bridge F as

F,-(F“J

_'\F2

Second Method - determining the system response
10

Whereas previously:

F=R*Fyp

15 [f the response of the machine is relatively linear

dF =R * dF,,,
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inv(R) * dF =inv(R) * R * dF 5

Yielding
10
dF,g =1nv(R) * dF

Since any matrix times it's inverse gives the identity mamrix. Let us also call the inverse

of R 'A' since it is really the 'action' matrix that tells us what to do given what we

15 measure. Thus:
dFgp=A*dF

Where A = inv(R)

20
The problem is we want to find out A. The way to do this is to add a small, but known,

additional imbalance to one end and nothing to the other. Let us denote the addition as
dF o p., and the corresponding changes in the force vectors as dF,. Rcmem[’;er dF gy, and
dF, are both column vectors (of vectors). Now repeat the exercise but this time adding
25 another small addition to the other end. This time let us-denote the addition as dF g,

and similarly the corresponding change in force vectors dF,. Now we can combine the

two experiments together to write:

(dFom, dFog,) = A * (dF, dF,)
30
Or
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10 A =DF,4 * inv(DF)

And thus the action matrix is now known, and may be used to calculate the correction
required eliminating the measured F vectors. To illustrate all this here is a worked
example. Suppose the machine in presently spinning at some constant speed, and the

force vectors we measure at each end are:

F= [140
2290
20 Now suppose we add one unit of water at 90° at end 1, and nothing at end 2, and the

new force vectors become:

F.. = [1.414245
2.236£.53.4

25
This gives:

dFgp. = {1490 ] and dF, = 1490-]
040 140

30

Now for the second run suppose we add 0.5 units of water at 0° at end 2, and nothing

at end 1, and the new force vectors become:
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dFop, = [040 | and dF, = [1£45
0.540 1445

Thus DF o5 = [14_90 040 }

10 0£0 0540
And DF = 1490 1445
1£.0 1£.45

15 Thus inv(DF) = [0.707£4225 0.7074£.45
0.707£0  0.707£270

Andso A= [0.707£315 0.7074£.135
035440 0.354£270

20
With A now calculated and knowing F as measured by the load bridge, the required

correction to counteract the imbalance can be calculated. Intially the action matrix is
completely unknown thus we must make random guesses for the inital F,, vectors.

After we have some knowledge of the matrix we may make better guesses for the initial

25 Fop vectors.

Overall System Advantages
The advantages for the Washing Machine of employing and active balancing

system are:

30 . Forces due to imbalance are eliminated prior to bearing assemblies. Thus
structural requirements are reduced, enabling less and/or cheaper material to be
employed.

. Suspension which wears out and deteriorates is eliminated.
. Wash cylinder clearances reduced enablind’ample load capacity in a machine of

35 standard size.

. Complexity of door opening mechanism also reduced because it no longer needs
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sensing means located at more than one position on the drum spin axis for

detecting rotational imbalance in the load,
a digital processor which in use receives as inputs signals from said sensing
10 means, and programmed to calculate the value and position of one or more masses
required to be added to the drum to correct the sensed imbalance,
correction means for adding one or more masses to said drum, said processor
programmed to modify said value and position to correct the imbalance for any effect
of previous additions and controlling such additions such that the resultant value and

15 position is substantially similar to said modified value and position to correct the

imbalance.

2. A laundry appliance having a perforated drum for dehydrating a clothes load,
driving means adapted to rotate said drum at speed thereby dehydrating the load and a

20 system for compensating for imbalances of said drum and any load carried therein
during dehydration of the load, said system comprising:

sensing means located at more than one position on the spin axis of said drum
for detecting rotational imbalance in the load,

correction means for adding two or more masses to_said drum to correct for any

25 imbalance caused by the rotation thereof, and '

a digital processor which in use receives as inputs signals from said sensing
means and programmed with software causing said processor to carry out the following
steps:

a) energising said driving means to apply a first predetermined rate of rotation

30 to said drum;
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drum:

¢) determurung the cirferennal relationshup berween said at least one added

imbaiances’ and said detected rotaucnal umbalances” at ¢ach end of said drum, thereby

(W]

estimaung the value and posituon of one or more masses required to be added to the
drum to correct the actual imbalance: and

d) conrrolling addinons of one or more masses to said drum by said correctuon
means such that the resultant value and positon of the added masses 1s substannally

10 similar to the said estimated value and position to correct the imbalance.

3. A laundry appliance having a perforated drum for dehydranng a clothes load,
driving means adapted to rotate said drum at speed thereby dehydrating the load and at
least two independent system for compensating for imbalances of said drum and any

5 load carried theremn during dehydradon of the load, each said system comprising:

sensing means located at one or more posiuons on the spin axis of said drum for
detectng rotational imbalance in the load

a digital processor which in use receives as mputs signals from said sensing
means and programmed to esumate the value and position of one or more masses

20 required to be added 1o the drum to correct the sensed imbalance,
correcnon means for adding one or more masses to said drum, said processor in

use conmrolling such addinons such that the resuitant value and posimon of the added
masses 1S substantally similar as the said estimated value and posiuon to correct the
tmbalance -

25
4, A laundry appliance according to claim 3 wherein said sensing means and said

correction means, for 2ach respective system, are substantially proxumate each other and

/ or there being a substanually ngid connection there between.

30 5. A laundry appliance having a pertorated drum tor dehydrating a clothes load,
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correction means for adding one or more masses to said drum,

wherein said processor is programmed with software causing said processor to carry

10 out the following steps
1) monitor the rotational imbalance based on the output of said sensing means;
2) energise said driving means to redistribute the load within said drum if said

estimated imbalance is above a first predetermined threshold;

3) if said estimated imbalance is below said first predetermined threshold
15 determine the value and position of one or more masses required to be added to the

drum to correct the sensed imbalance;

4) if said estimated imbalance is below said first predetermined threshold
energise said correction means such that the resultant value and position of any

additions is substantially similar to the calculated value and position to correct the

20 imbalance; and

5) energise said driving means to apply a further faster rate of rotation to said

drum so as to effectively dehydrate said load.

6. A laundry appliance according to claim 5, wherein said step (5) further comprises

25 the following steps:

5.a) estimating the rotational imbalance based on the output of said sensing

means;

5.b) if said estimated imbalance is below a second predetermined threshold,
energising said driving means to increase the rate of rotation of said drum by a

30 predetermined increment;
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adding one or more masses to said drum using said correction means, corresponding to

5 said calculated correction; and

5.e) if the rate of rotation of said drum is below the level for effective

dehydration of the load, then repeating steps (5.a) to (5.d).

7. A laundry appliance as claimed in claim 6 wherein said processor includes

10 storage means and said step (5.c) comprises the following steps:
5.c.i) if said estimated imbalance is above a second predetermined threshold,
estimating the steady state rotational imbalance based on the output of said sensing
means and data stored in said storage means including a predetermined number of past

corrections made by said correction means; and

15 5.c.ii) if said estimated imbalance is above a second predetermined threshold,

calculating a corresponding correction based on said estimated steady state rotational

imbalance.

8. A laundry appliance as claimed in claims 6 wherein said correction means has
20 a fine mode of control and a coarse mode of control and said step (5.d) comprises the

following steps:
5.d.i) if said estimated imbalance is above a second predetermined threshold but

below a third predetermined threshold, then controlling said correction means under
said fine mode of control to add one or more masses to said drum, corresponding to said
25 calculated correction; and -
5.d.ii) if said estimated imbalance is above a third predetermined threshold, then
controlling said correction means under said coarse mode of control to add one or more

masses to said drum, corresponding to said calculated correction.

30 9. A laundry appliance as claimed in any one of claims | to 6 wherein said sensing
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a low pass filter for filtering the output of said sensing means and providing as

its output a low passed output signal;

5 position means for sensing the angle of said drum relative to a predetermined
reference; and
software programmed into said processor comprising the following steps:
i) multiplying said low passed output signal at predetermined angles, of
rotation of said drum by a value according to the cosine of the angle of said
10 drum resulting, in a first product;
ii) multiplying said low passed output signal at said predetermined angles of
rotation of said drum by a value according to the sine of the angle of said drum,
resulting in a second product;
iii)  adding the values of said first product at each of a predetermined number
15 of intervals over a full rotation of said drum and dividing the sum by the number
of intervals thereof, to produce a first result;
iv)  adding the values of said second product at each of said predetermined
number of intervals over a full rotation of said drum and dividing the sum by
said number of intervals, to produce a second result; and
20 V) supplying, a complex number composed of said first result as the real
component and said second result as the imaginary component, as the input to

said processor in place of said output of said first sensing means. -

10. A laundry appliance as claimed in claim 2 where in said step (b) comprises the
25 following steps: —
b.1) instructing said correction means to add a first small imbalance at one end
of said drum;
b.2) storing the detected rotational imbalances at each end of said drum as a first
measured imbalance and a second measured imbalance respectively;

30 b.3) instructing said correction means to add a second small imbalance at the



“10g 10g<9A0%& () - f 8S10%& ()- 6" 10%& () -
410%&' () - eYzX6mbC VI f 9400/ ()~ 1T SRO%E () -1 >VE YL0% () - 1 Of SLOVE: () - -1 VI
%00 ()--yL- 10%: ()-$U(t dENDCI VI f 04.9* %00 () - , #LOYESLT F

& () - Ms! 940%& ()- SL0% ()-" S10%& ()- t1 z[PE:1V1 10 1%2& Febrdary 2803
10S4%L0%& () - - ! LsAY%0%& () -- ! VSA%40%& ()--! [ Y1%40% () -, 10%& () - 9aBPE: | VI
10 %40%& () - F&s! 10%& ()- Y

10%& () - YL0%& () -y 10%& () - ! &9109%h& 137 51 dEPE: 1 VI 10Fnt 10%& () -

YY" 109%8& () %10@ s SHOBS () FIMI0%E () 3109 (). TEPE: | V

10Fnt 10%3& 5540 U 38 1 00 () - Stz 1000 () -1 YL0%E () - 10%E () -

Nor mal " Headl n &%% 4

"Headi ng 53] c" QHiét]gl ng dﬁ@s@%ﬁgﬂetecggi !'t @gﬁbala.ggfsdit%ﬂ%g%c?ggs@g] c"A
‘Defaul t  Paiaghapiinik@ fdsured F¥alancd Khll aMsth nidkslireddRfthabinee Ghipet V\Z

)1BSij E!l | 9B$ UD 8NKcq"!"#%)' 2) *=+- ./ 149: ; ABEFI KPS. Z' \ aadehj | qqvyz~r W.HEnU
qQ@E{7; Z-kf, "I $\ 1] x?" t I #$UR ()*+ ~.1012345676Ti nes New RomanArl al Courier
New'h Root EntryWrdDocunentw #$%& ()*+, - /0123456789

<= >? @ABCDEFGHI J lmwzma}med abaniesehef Wrimobér 6 whﬁ:vmﬁzpfi}sensmg

0 x4
THSYE () ans/ golglgﬁge%?a%?east one piezo-electric force transducer provided at each end of

said drum adapted to detect the linear forces acting on said drum resulting from the

rotation thereof.

10 12. A laundry appliance as claimed in claim 11 wherein said second sensing means
further comprises at least one acceleration transducer provided at each end of said drum

adapted to detect the linear accelerations acting on said drum resulting from the rotation
thereof.

15 13. A laundry appliance as claimed in claim 12 wherein said correction means
comprise two sets of angularly spaced chambers in an orthogonal plane to the spin axis
provided at each end of said drum and means for injecting water into selected chambers

under the control of said processor.



