,,e3e.**+L-h-t.6.T.ei, DRUM TYPE WASH NG MACHI NE Field of the Invention 5

The present invention relates to a drumtype washi ng machi ne for washing
| aundry accommobdated in a rotary drumby rotating the rotary drum di sposed

in a water tub. Background of the invention 10 A conventional |
washi ng machine is shown in Fig. 7. As shown therein, housi nglmmm]'MImmmmm

washi ng machi ne includes water tub 53 installed via a suspension gtyucture.
Accommodated in water tub 53 is rotary drum 51 which is 15 provided With a
nunber of drum perforations 52 on its cylindrical surface. Rot

is driven to rotate by drumprini ngrrOfRsudRe HuckhgE, by operﬂmmwgﬁmﬁlﬁ@u
which is installed at the front portion of housing 57 and can d
closed freely, laundry can be |oaded into or 20 unl oaded from r ot &9z um
51 via respective openings fornmed at the front portions of water tub 53 and
rotary drufisid afteheopamengidgoor 54, |aundry and detergent are added in
rotary drum 51, and the operation of the washing machine is initiated
thereafter. Water is fed into water tub 53 and 25 the anount of water
required for washing the laundry is supplied into rotary drum 51 through
drum per f or at i on*S2PTreFent FMENGHRTh FBtar§S ditem H19rEnd YR Yashinat e
at a predeterﬂi. ned_rot ati onal ipee% t;y drumcé:dvtiﬁgg nmotor 55, the |aundry
accormodat Ba°I A Fof 8Fy V8P 1 AR &FWPMIPRGRE 9t f i TN FESE iR by
bei ng CauQ?BtQEiﬁg'EﬂE'Qgtgg§d%§u§pdisposed in a water tub.

Background of the invention

10
A conventional drum type washing machine is shown in
Fig. 7. As shown therein, housing 57 of the washing machine
includes water tub 53 installed via a suspension structure.
.Accommodatéd in water tub 53 is rotary drum 51 which is
15 provided with a number of drum perforations 52 on its
cylindrical surface. Rotary drum 51 is driven to rotate by
drum driving motor 55. Further, by opening door 54, which
is installed at the front portion of housing 57 and can be
opened and closed freely, laundry can be loaded into or
20 unloaded from rotary drum 51 via respective openings formed
at the front portions of water tub 53 and rotary drum 51.
After opening door 54, laundry and detergent are added
in rotary drum 51, and the operation of the washing machine
is initiated thereafter. Water is fed into water tub 53 and
25 the amount of water required for washing the laundry is

supplied into rotary drum 51 through drum perforations 52.



, 5 provided on the inner cylindrical surface of rotary drum51 and is
dr opped upon reaching a specific height, thereby undergoi ng poundi ng
notions. After conpletion of the washing process, soiled wash water is
drained, and a rinsing process is carried out in fresh water. Then, when
the 10 rinsing process is finished, a water-extracting process is perforned
by way of spinning rotary drum51 at a high rotational speed. The series of
processes described are automatically performed according to a preset
control sequence (see Japanese Patent Laid-Open Application No. H10 15
201985, pprhént 0 @hehi grothryWheirunot &ty draumddivadn t heo drast dtype awasha ng
machine is not rotating, laundry tends to clunp in the |ower portion of
rotary druprbdet¥heineds ronattaonad dipaiede dyf rdaxmm claryiny unotdr afil, the
wat er -extracting process for the laundry is 20 perfornmed by centrifugal
f orce genetatsdrpy aswiommadptrast aty dptarsldauma Hi ghsr diftednalp dim efhe
washing and rinsing process, if the laundry is clunped at one side of
rotary drukPbatippgadr gigaghizn detoresngnbaldhtedn @EitaRitauRtadEa 3 gh
| evel of vibration and king it i Oisléi ble . to carry 25 out, a normal

wat er Sext r BEPVAGEHr GFeddle HHRSY vEY L APST pFabI BHF IAAE QloveRiiSeriBey 51
conventional .drumtype washing -2 chi ne executes the. er-gxtractin
process af ?8?1 pje?f (#%Q%ecg @%ﬁhﬁ%ﬁﬁﬁ& i?‘lg Séjteecpltecl C eé\é\?%i’l sglzrl(% %?Y ngg
rotary dru .a fir i ; ed; dr i e ich
entails i ngbgésrgtrolé%lghepﬁ%ﬁr_{aﬁﬁal splee 5 of e}}fottaelhipy %?%%l]_f%ﬁ]pgtﬁf ap%%\é;ond
rotational 3Reedy JAYRILIT RYN MRLRSIEXILEACE | 119 RFOLESS, WehENa ePiAsi sy

rotating rotary dram 51 at a third rotational speed; and a |aundry balance
noni t or i ngpgberskor i B0t@HF#ed hedtal ancegrssiat avatfed aundmerby wokat i fige
rotary drum 51 at the second rotational 10 speed sequentially . However,
such monvertinedal corddeds oper dfiirdresHesl ,coaplacatredxamacttinbakesoaess is
consi derabl e anbunt of tine prior to starting the water-extracting process,
causi ng anpemdogasd | hycosay amf exdpdmdiimy t motever afrumi nel r eégui pedhight i me
for washing |laundry unreasqnably. Further, if laundry contains any articles
with stringPtRéigrgde 8Pe8Ehed ¥]H‘ére9cet¥1c?rs aPé ti?fffb‘?%%%\%%d ErEHEAPesaT e he

| aund t t l.ed duri t hi d/ he rjinsi ;
Lhi's. condi EHGRTER AR oe F9TGH GVELE by ER*30"an008 cont rB1Eaper abPrECT

Sueh o SRR RS AP 48 TaEldidale Aimasmaahi @0, shor
was hi g nacgr@il%ss,t WS, whide glhq;ilga.urhgr‘y remai ns unbal anced inside. -3
When rotary drum 51 of the drum type washing machine
i8 not rotating, laundry tends to clump in the lower portion
of rotary drum 51. When wash water is drained from rotary
drum 51 and water-extracting process for the laundry is
20 performed by centrifugal force generated by spinning rotary
drum 51 at a high rotational after a washing and rinsing
process, if the laundry is clumped at one side of rotary
drum 51, rotary drum 51 becomes unbalanced, thereby causing
a high level of vibration and making it impossible to carry

25 out a normal water-extracting process. To solve this

problem, the above-described conventional drum type washing



, Summary of the Invention It is, therefore, an object of the present
invention to provide a drumtype washi ng machi ne capable of 5 effectively
perform ng a water-extracting process after the conpletion of a washing and
rinsing process; and capable of carrying out an alternative control
operation when laundry inside the nmachine remai ns unbal anced. I n accordance
with a preferred enbodi nent of the 10 present invention, there is provided
a drumtype washi ng machi ne including: a housing; a water tub elastically
supported in the housing; a rotary drum accommodated in the water tub and
havi ng an apphaxiemat ekgchekiszontak orwacskankedab@tiab onglkog¥iss; aAadEEm
driving notor for rotating 15 the rotary drum and a controller for
control | i ngeafogtaticora ofathdreruntdngling soeer wnher eémcadid respechgt o
wat er extracting processes follow ng each operational stage of the washing
machi ne, tKHOteant rérher 53 capabi e fofratot aotrd itdma Ir otspreeddr um upatnday
first rotational speed which makes 20 laundry in the rotary drumcling to
an i nner skpfladeiss e otuh dmllferimriarine | thadrytbaiansed speed
det erm ni ng operation for determ ning whether the laundry is evenly
distrﬁ%ute%fanHOEPEHg FAUPhe Enndk i f &ce SECONRe Fotaty Odadm BPeasingaan

initial reference value; repeating the 25 | aundry_ hal ance determ nin
ast'tealtp e %/N

operation PfS }Hﬁpgﬁgédb 0 ?ﬁ??%uﬂﬁ??eﬁg &&ﬁ?;?ﬂ?ﬁ?lﬁaE@E@?gﬁ$e by
using the LAcklgl g sECLE ANCELYhUG,URAAING Lhechni Lial [ eforence

value to a valué having a w der range o erance € “nunbe

repetitionga0fniche hewindiyihgl 3peg deterBinAhPPehal kol iAW ES A e of

predeterm ned val ue; repeating the |aundry balanhce 5 determ ning operation
by using theuwddst ed, refeieneg vYotdey andm' etabitngHdesdObad Yrot 4 Shaf

rotational speed required far a water-extracting operation when the
bal ariced stapeedosegmentawidry s found to be acceptabl e based on either one
of the initial reference value or the updated reference value. to

However, such conventional <control operation is
complicated and it takes a considerable amount of time prior
to starting the water-extracting process, causing an
increase in cost and extending the overall time required

15 time for washing laundry unreasonably.

Further, if 1aﬁndry contains any articles with string-
like piece attached thereto or are band—shaped themselves,
the laundry may get entangled during the washing and/or the
rinsing process; this condition can not be improved by the

20 above control operation. In such a case, since user has no
means to facilitate the separation of entangled laundry, the

water-extracting process is suspended, so that the washing

machine stops while the laundry remains unbalanced inside.



, Brief Description of the Draw ngs The above and ot her objects and features
of the present invention will becone apparent fromthe foll ow ng 15
description of a preferred enbodi ment given in conjunction with the
acconpanyi ng drawing, in which: Fig. 1 shows a cross sectional view
describing a configuration of main conponents of a drumtype washing
machi ne i n accordance with a preferred enbodi nent of the 20 present
invention; Fig. 2 illustrates a circuit diagramof a control unit of the
drum type washi ng machi ne in accordance with the preferred enbodi nent of
t he preseudnptéONEhE gnvéntsod front view of a control panel of the 25
washi ng machine 1n accordance wth the preferred enbodi nent of the present
i nvention; -5 Fig. 4 describes a washing process, a rinsing process and
a water-extracting process of the washing machine; Fig. 5 shows a fl owchart
illustrating a céhtris, sthgeatertor aa witl@ctexe¥ athengprsseedsstnvention

to provide a drum type washing machine capable of

5 effectively performing a water-extracting process after the

completion of a washing and rinsing process; and capable of

carrying out an alternative control operation when laundry
inside the machine remains unbalanced.

In accordance with a preferred embodiment of the

10 present invention, there is provided a drum type washing

machine including: a housing; a water tub elastically

supported in the housing; a rotary drum accommodated in the

water tub and having an approximately horizontal or a

slanted rotational axis; a drum driving motor for rotating

15 the rotary drum; and a controller for controlling a rotation

of the drum driving motor, wherein with respect to water

extracting processes following each operational stage of the

washing machine, the controller is capable of rotating the

rotary drum up to a first rotational speed which makes

20 laundry in the rotary drum cling to an inner surface of the

rotary drum; performing a laundry balance determining

operation for determining whether the laundry 1is evenly

distributed and clung_on the inner surface of the rotary

drum by wusing an initial reference value; repeating the

25 laundry balance determining operation if a balanced state of

the laundry is found to be unacceptable by using the initial



, 5 Figs. 6A and 6B are time charts that outline the rotational speed of a
rotary drumin the water-extracting process of the washing machi ne; and
Fig. 7 shows a cross sectional view illustrating a configuration of a
conventional drumtype washing machine. 10 Detail ed Description of the
Preferred Enbodinents Fig. 1 shows a configuration of the main conponents
of a drumtype washing nmachine in accordance with a preferred 15 enbodi nent
of the present invention. Housing 9 includes therein water tub 3 supported
by a suspension structure (not shown), and cylindrical rotary drum 1 having
a bottom suefeecents disspesedupdawdher theb ihisuch thafetdrcdi Kaguieorofaits
rotational axis is slanted with respect to the 20 horizontal direction.
Speci fi cal ¥glueohamindr tam @¥idsri mengkl ed itoletanrce ugh8nsudle trhatben sof
opening is positioned at the front portion of housing 9 while the bottom
surface of repehiyiengm afi stk spgaswdirat brRéanear @orervandhohoeemat ton
Furthernore, 25 rotary drum11 is slanted such that the direction of the

rot at i onal Y8RFEeEhar BgFCes STHMES] ViddWsrid HIREFTEdIT e | BrRndrY RRlaRRRI ng
9. Rotary dqrum1.,is driven to rotate by dr driving hotor 5 instal]ed at
Che réar pOP RO B Ga ORI OF Ry HEtPt LPRe SR il SHETHE VIR Bre t ub 3
i's opening_8.thr h i I ry | oaded intaq.ar _unloaded.fromrotary 5
drum 1. Fu??ﬁe%?gég&ﬁg;éﬂ?i%&gékyegé%% %gs%ope %ﬁﬁ%ﬁé&a %ﬁ%%dr%?u%%%g

front surfage aorv}aitfa}-ch%gg? Yosded { Bt whinf 26 opeN G &@and. cgp be

freely opened and cl osed. aundry [ oadi ng/unl oadi ng opening 8 faces
upwar d andtg@o atnkdsyi N% aded alo the et fcaahbehe { Aces dpwasd, 10
| aundry can be | oaded into or unloaded fromrotary drum 1 conveniently
after door tRei $napenad referdirre vl ueoion nhed apdat ubrtd fdtehdy wlhig.el y
with a transparent material, the inside of rotary drum1l can be viewed from
out silde. Although slanted rotary drum 1 descri bed above offers 15

e el N Y 13 in the rear portion
thereof so that a higher water depth | evel can be obtained even with a
smal | quantity of water, the drum design al so has a di sadvantage such t hat

20 laundry in ratary drum1 wouyld gather at the | owest_pojnt of the |.ower
rear portion ofqi%?ar%bﬂYﬁn1i?gAsogb?Esu???e??sisa% obF%ﬁ%FF%Sbe% useFt is

not pOSSib§§§ %n%Chiﬁygn@%éﬁth&hﬂ?tﬂéabﬂég%gﬁae%nﬁ'efP&@9§%§!t§$ili§H§gry

articles by alternating their positions in rotary drum 0 na
llaundry ar Hiegles pkQ ot | 6K hO JrF iR ébddthdedl g3yehace, ofoh Phadyidkum 1

evenly during a water-extracting operation.
with the accompanying drawing, in which:

Fig. 1 shows a cross sectional view describing a
configuration of main components of a drum type washing
machine in accordance with a preferred embediment of the

20 present invention;

Fig. 2 illustrates a circuit diagram of a control unit
of the drum type washing machine in accordance with the
preferred embodiment of the present invention;

Fig. 3 1is a front view of a control panel of the

25 washing machine in accordance with the preferred embodiment

of the present invention;



,In the preferred enbodi ment of the present invention, however, this problem
is solved by alternating the positions of laundry articles in rotary drum1l
by way of controlling the rotation of rotary drum1 driven by drumdriving
notor 5 5 and by way of one or nore agitation blades 6 provided on the
inner cylindrical surface of rotary drum 1. Each of agitation blades 6 has
a ridge elongated at a specific angle of inclination with respect to the
direction of the rotational axis of rotary drum 1. Wen rotary drum1 10
rotates, by agitation blades 6, it is possible to effectively transfer
| aundry articl esrfgomit dedonigresposi vashing pobaegsdr em dinslnag hpyheess
position thereof. Thus, if ridges are fornmed at an angle of inclination
capabl e of acdeat iagetrhexsfifeetting nuceaedere] ndie aprhind smaekittes fromthe
| ower position to the higher position of rotary drum 1, the |aundr
articles, which ¥t%id t8 g&LR¥E af t He IR host 1R BFE1 8% ar § dFBﬁFf?lcan
be dispersed in rotary drum1 nore effici entlc%/% Accordingly, if rotary drum

1 havi ng a§PE¥ENGS FioHés WY Rt e DRI on the 20 i nner

cylindrical surface thereof_ is rqQtated, |aundr rticl i .tend
gather®at the | O&égspos Bi c?ﬁ“cgf 6% afit&d {;&“%r yé/%%flfné l,tei'gaftem%ugl}égl%upt rgom
the rear partion tao-th | gher: positi f L0 orti@n_ Y odrum
1. Theref or€"& léjqa&ung?gégr;%lfcl%s réoé:(r%r}gg %}El\lfﬁ?l élheﬁkfe;) gé;c'tggt ggtggt:&%iﬁlge

al ter nat i g, pasidd ofis difk KIAInGIRALNE f hakd Tal ling tovard the | over
position of the rear portion of Totary drum _g_ 1. As aresult, the
efficiency of waghgng 7s omlwsdeberdssd ededtdcnadr , vi awwaishiwegr watsived | a
anount of |aundry, the anmount of wash water is also small so that the

| aundry mayoitidieraoimt etfly soakedt ionahshrwat eype| washthgcusebing.
typically it becones necessary to agitate laundry in rotary drum1
suffitbently to alternate the positions of laundry articles in rotary drum

1 so that they can_be fully soaked in wash_water. ver, in rotary drum1
havi ng agi (Rl ed Mm@@%rﬁﬁdﬁhﬁppﬁﬁfﬁr¥%§_§$§ﬁﬁﬂﬁﬁemi on, 10
alternating the positions of laundry articles is sufficiently performed so
that cleaning effect reaches every |laundry article thereby enhancing the

overall CleanlngF%Bﬁ'ﬁ!%ﬂ&%m a configuration of the main components of

a drum type washing machine in accordance with a preferred
15 embodiment of the present invention. Housing 9 includes
therein water tub 3 supported by a suspension structure (not
shown), and cylindrical rotary drum 1 having a bottom
surface is disposed in water tub 3 such that the direction
of its rotational axis 1s slanted with respect to the

20 horizontal direction.
Specifically, rotary drum 1 is installed in water tub
3 such that its opening is positioned at the front portion
of housing 9 while the bottom surface of rotary drum 1 is
disposed at the rear portion of housing 9. Furthermore,
25 rotary drum 1 is slanted such that the direction of the

rotational axis thereof is slanted toward the rear portion



. Fig.. 2 shows the arrangenent of a control unit, which 15 includes
controller 16 for controlling the operation of the drumtype washi ng
machi ne configured as descri bed above. Controller 16 controls the
operations of drumdriving notor 5, water supply valve 12 and water drain
val ve 11. Further, input setting unit 17 and display unit 18 are installed
in a 20 control panel disposed on the surface of housing 9. Wen an
operation course is selected frominput setting unit 17, the sel ected
course option to be perfornmed and an operational state are displayed on

di spl ay unof Iyusangy codnt r Adterryl6draantir ols ditrredr it ngotater By, aatmr
supply valve 12 and 25 water drain valve 11 according to an operati onal
sequence seérerind. mEEpai Bafitetalilles gpertdtd oreaof pdet dounef ypated tulmashi ng
machi ne using controller 16 will be described with reference to Figs. 1 to
3. After oPefMAg dor the |GieREyPostieadedt | Weserot By & uh® 1 chedidet 8 gent
is also added froma detergent 5 dispenser disposed in water _supply unit
15. Then, EgﬁBPg nwg%Fgcﬁa%' Ipéjﬁh§¥¥ﬁﬁ?#l#qQﬁn?¢mPQ%ﬁﬁ¢%@ baeia| TS i n
Fig. 3 and_an qgperation course correspondin 0 fhe type.of laundry is

sel ected fgaﬁpc Ursgggﬁg??ﬁg Sch’ 17 .1?ﬁﬁgﬁéfﬁ 2t a 5ﬂéH§Ffo%u§¥éﬁ
input is g ed .by, i rt/ ; e sq t

operation gg%bgélggytgé%t?%ﬁﬁgr@%g%%%es§§$#§§¥§$%% g?ééﬁ??p% wasl}ﬂghat

machi ne baskCatdde etk Ng Ordfl BaHAHN NPrBERGCSSpered | B I PLOLESS

and a water-extracting proCess. If a drying functfon’is also availa

drying progeaseCcanifidp PEaHORERANIE28¢h8CIopkniFd St rhbeQr dfwdxa detgct

t he amount of |aundry accommodated in rotary druml, controlleér 16
transmts dooentir dk deomuwenid ed «dr itHenglaigeelidu?aded el div af £cds umpwhitdj Ng
notor 5 to rotate rotary drum1l at a predeterm ned 20 rotational speed.
ThenJlUrunﬂéﬂndrﬁg<ﬁﬁtog65bm@dﬁdi%ﬁtqiggeM@ddgﬁqﬂiﬁimg cotegyt dzaum sl
driven to rotate rotary drum 1, and |aundry amount detector 27 detects the
anount of FREVERGRBLY YbREFEHNIGFoall eReREResh dr BHFEREYI nd¥hof @¥FMENg r om

(e aundr e 25 Ny UM 0o gRLOL 8.1 2o bl oss Do rmLor B
SHALEN 19 U5 S88.ER0CE0 R0 SANE PR M SOUIG SRy of
motor 5. DC powei) sppRyh ed1 b8t bRV & deelh2 335 0Pt AlRed iR o 6Gld i DBr & <
15 advantages such that it facilitates loading and unloading of
laundry and that aliows water supplied in rotary drum 1 to
collect in the rear portion thereof so that a higher water
depth level can be obtained even with a smail quantity of
water, the drum design also has a disadvantage such that
20 laundry in rotary drum 1 would gather at the lowest point of
the lower rear portion of rotary drum 1. As a result, it is
problematic because it 1s not possible to achieve a
satisfactory degree of cleaning for all laundry articles by
alternating their positions in rotary drum 1 and to make

25 laundry articles to stick to the inner cylindrical surface

of rotary drum 1 evenly during a water-extracting operation.



, 5 power from commercial power source 28 through diode bridge 29, choke coi
30 and snoot hi ng capacitor 31. The |oad exerted on drumdriving notor 5 is
substantially proportional to an input current. Thus, |oad detecting unit
24 detects the value of the input current of inverter 23 10 from vol t ages
at the both ends of resistor 25, which is connected in series to a DC power
supply circuit for supplying the DC power to inverter 23, by way of current
detecting circuit 26, and |laundry anmount detector 27 detects the anmount of

| aundry | oaded into rotary drum 1 based on the 15 detected val ue of the

i nput current. thee aredetrreld | anbdinteitectefl hd aupee yeatOUDhvERt €6HOr 27
is stored in a nenory of controller 16 to be used in a control operation to
be descri bedwheeei, nahtier pridéxtem cdentgalteat 6 4T teawsmat sndjotheadodit vong
unit 20 20 a control command for opening water supply valve 12, and water
supply vaI@é lavrdmypearediickest hat rotesty witwr 1 sbiedvayntef wavetrolbiBgfrom
a wat er Egly hose connected to water srggly unit 15. At this tine,

det ergent S6pFPEALtIERTWETeT @Y Wi t1 15 i dem|la deaB AT Y 6ngareEor ub 3
whi | e belng %5 di ssol v d in the water. At thlngP , the o era ing tjne of
wat er JuppPy QVv¥a¥2 QﬁﬁeﬂﬁnWﬂiF %ékﬁl? PE? 1dgf PAURBPY
detected b Iaundr% anopun ldete or 27. FE rther the water level ~ in water
tub 3 is deFecFe& ﬁnhaﬁgﬁ %ﬁﬁ(ﬂﬁ(ﬁ ﬁ§i§1 d in water tub 3. Wen

th t I I h g I
5 Srgﬁsﬁ{ttgéetdéigﬁtggl?gae%%l rg§$%% er eve%eéet %E%rqggﬁﬁghgﬂ%sé P%IIL?
16 trans”‘%?eélﬁg@t%ﬁkﬂﬁpﬂyﬁn9n59£n§£9éhnngﬁt%%s%%ﬁﬁlMxyaiﬂ égré8t£8ﬁd

driving unit 20 to thereby stop the supply of water. Since t wat er
supplied i pfwaher dothtidalpatialdy ohsorpedrby 1he wﬁéwdfataﬂyr@f@«hyldr um
1 10 through drum perforations 2 formed on rotary drum1, the water |evel

in wat@er tubtdteecondsy| owgritathes, Vistaded ubé3 | sitsuppki ecbaddibladdi toonal

wat er through the sanme process as descri bed above. Washing of l|aundry can
be |n|t|at@%fﬁﬁﬁéwgﬂnImitﬁmﬁﬁqs déssnidyyd cortioledpefapimonstheConieweter

16 transmts a control command to driving circuit 22 to activate drum
driving noPEE151es 8f atetHtar frafunt 1.£oThen higher s@oéd-lttlzi—tﬁ okhesaef ol

t f d tiall f I R t t th
first ;3?t§3.pﬁrcgﬁ??sfégésbgarét. e o 54 ¢ G agrEne of §§€péflhﬁveﬂ§

| nol udes acspebas obest Agss obof oppardlycLatathpo FalaLY LUMLT 2L a4 eset

rot ati onal for i rst prese perlo pping ary
for a1§ecoa§t9eq%%t 085 oghof 1biEe: écro@fl%%rbla/o rohat GHAL §5ys A 48R 1o§t

e.g., the preset 25 rotational speed for the first preset period of
and then stepRLRY dreiary, GHemladriryt hertsieas preset E@ﬁdoﬂooéatﬂék at
the lower position of rotary drum 1, can be dispersed in
rotary drum 1 more efficiently. Accordingly, if rotary drum
1 having agitation blades 6 at multiple locations on the
20 inner «cylindrical surface thereof is rotated, laundry
articles, which tend to gather at the lower position of
slanted rotary drum 1, are picked up from the rear portion
to.the higher position of the front portion of rotary drum 1.
Thérefore, the laundry articles can be sufficiently agitated

25 while alternating positions in rotary drum 1 without falling

toward the lower position of the rear portion of rotary drum



. time. The first agitation control operation is performed for a first
predeterm ned period of tinme. The preset rotational speed is a rotational
speed allowi ng |laundry acconmodated in rotary druml1l to be lifted up in the
5 rotational direction of rotary drum 1 and dropped upon reaching a
position where the weight of the |aundry becones greater than the
centrifugal force exerted on themby the rotation.of rotary drum 1. Since
the laundry is lifted up and dropped, an effect of pounding notion is
t hereby 10 provided, and repeating such pounding notions facilitate
cl eani ng piocessAkor ar et di r thér omfftheikaoydr wisoakeshimgwasd waber
contai ni ng detergent dissolved therein. Further, since only the |aundry
cont act i ngdageracirafs eldl-ad &8 16 hieg , pilck otk Uy raron gsthalihdayoant | of e3aphiied, on
top of each 15 other, the effect of alternating the respective positions of
| aundry ar ER€l &Vt 1Rl oBREPN#GLENT ihea}o® abMBhal Sspedibt stBe oheundhun
t he preset rotatiogg{ ) eeﬂ, Ifundr cgnnot be picked up by agitation
bl ades 6. PAYcHnh &8 , CPERNGF§LRoGPERGt 18 6iFSht “WA%R¥ at | HhafushecasgPeat er
than the p t ratat,i onal speed bhecause the.influence of centrifugal
force g\;'voul g§§§€8r%regygg§atbe?c?%%sn PRESRET Ght %8f atgﬁgﬁtﬁ%%gﬁrmef%? Y py
rever si ng rof at,j gl i [ Laundry ticles_can
be preventggﬁ r8%1%g?ﬁgkégkgﬁgfé%gsgﬁgﬁgbggésﬁ##gh 8 %ﬁgﬁﬁdfifa;?P%ﬁgg in
rotary 25 diuiclegan herspksy kgt hvdy alder pakgdoahe el fetty obobeugdi ng
notions, i.e., lifting up and -13 then dropping laundry, T1s af fect e by
the amount iaf Wamdsycaeconmedated,i nd oted yrdr apuh. 1Thedef Q) eagitat Son
preferable that the preset rotational speed is adjusted depending on the
anount of baeddsy. #As dascrabedréanteéer witthe atant pfededtaundnyension,
detected by | aundry anount detector 27 and the detected | aundry anount is
stordd WhahAtepaardasur edoumosifticnmdr yof s graandryt haarnipteset is
amount, controller 16 sets the preset rotatjonal speed to a slower speed.
In contrasBUEE CEREt Yo REF LOFOIAT S BhAMdT eIt _eee f E2CE haRaTles heverEset
val ue, congroller 16 i ncreas ﬁg#h reset rotational speed._ Although it is
possi bl e t 025BF&Yn &XELEA ng' i FPNTAT &rtF cl e¥ehnite ale®rHETI ng
t heir posi E?@%i@%e y of repeating only the first agitation control
operation for a“specific washing period, it is nore 15 preferable to

execute a_secondergl 1 At Lo GOMHD! - ARSKALEOR. Lker, (e i dist 01t aLion,
control operation.” Repeatedly perfornmed in the second agitation bon?ro

oper ats on ifcauseeordragidldtd:om cyebe LBaLYALNENg 8/ &pHfa St A0eSt Ofhe
forwardly rotating rotary drum1 at a 20 predeterm ned rotational speed

hi gher thadrthattwufet hedtiingt agichdhieonceoht gotedperat deeckibed tdibsee .
preset period of tine; stopping rotary drum1 for a fourth preset period of
time; reveFSPBIFPlLgtationFIwtzeys dilaen eparat henpr edetdsrun ol v it monat
speed for %he thirdégreiet time period; and then 25 stopping rotary drum1l
for the fourtHopPEsSUPRLYe Yedicod-2 B st G iatvehveyile | Buridmiat ed

for a second . . . ,
input setting unit 17 and display unit 18 are installed in a

20 control panel disposed on the surface of housing 9. When an
operation course is sélected from input setting unit 17, the
selected course option to be performed and an operational
state are displayed on display unit 18, and controller 16.
controls drum driving motor 5, water supply valve 12 and

25 water drain valve 11 according to an operational sequence

selected. Hereinafter, the operation of ' the drum type



, -14 . predeterm ned period of time. The predeterm ned rotational speed
represents a rotational speed which does not allow |laundry to drop but
instead to cling onto the inner cylindrical surface of rotary drum1 by the
centrifugal 5 force produced by the rotation of rotary drum 1. The |aundry
articles' tendency to cling to the inner cylindrical surface of rotary drum
1 leads to separating and spreadi ng out clunped up |aundry articles.
Furthernore, when rotary drum 1l is stopped for the fourth preset tine
period, the 10 laundry articles lifted up to the upper portion of rotary
drum 1 ar ewdehanbeehddrnmd hesingeeosykondercals swifaceeardbghopred bych he
effect of inertia. By the unfolding and droppi ng novenents of |aundry
articles, rhéereposi tbofdgar.e lalttce3nated while their forns are changed as
well, thereby 15 leading to nore effective poundi ng notions. By performng
the first and tHefseonpeadincat dear cdnt rbdunpey atlisonsoadiedr dattel yréoara
third predeterm ned period of tinme, alternating the positions of |aundry
articles i A¥EBt aty @rRdm Eed@FIsatsufis ciddmq y 3EedDr iBePrande 209l ¢ Feerint

[ ons in the two agitation contr oper at_i ons n be obtained so

d ti |
that i3 i sOAEBENEFEE £0 SRS UBRE SRt PHPPYYt REICarks et of PRYTaTihg t o

al |l | aundr LC en.i.n sy ant rotary drum 1, wi thout reducing.the
cl eani ng e%’f"?(&:%&elncllz?% gé %ﬁglr%leéo%ﬂ gf?‘loé“n t%ﬂ‘é/t%oen WS i%agn%#o%%%‘%ndle%glﬁ%'ed
above, conkrol t it s..a I Q- ad_drdwi ng. =15 uni t
20 to openg\h/atéergédr]a% naég?\%t@?, g%ﬁ%%é;t cgj wat g}rém réllg(rjl ggntﬂrﬁc/ﬁ gggr%at?%n

for dischangi,pargoi ligd wakeecte@m walgl tddhidsd S gXeeyhgd. dpreaveriqsg,
controller 16 transmts a control command to driving cifcuit 22 to extract

wat er fronrhelraufidey by a0t abpagaelioin dst 09 ABLAE 5idheietdrated by
wat erextraction fromthe laundry is perforned after the washi ng process.
AfterlGa predesernmyned thinmg faorsenatssvi-testt r dctd ,on da omhde |awndsyeration
controller 16 closes water drain valve 11 but 10 opens water supply val ve
12, so thafoREESh Wat eronsreley nt® hat eFartbd’ afdiea drumsitypprovessng s
started. In tgg rinsing gﬁ)cess, the laundry jn rotary drum 1 are subject
to agitati RGROPPOMRADYCAE 1 ¥r RREAQF M0t 2R i F I3t afy AIRANS f BEREEEEY ahd

reversibly, .Faor_instance, if the first aq:d/or . .
rinsing process and a water-extracting process. If a drying

function 1is also available, a drying process can be
15 performed if selected.
First, 1in order to detect the amount of laundry

accommodated in rotary drum 1, controller 16 transmits a
control command to driving circuit 22 to activate drum
driving motor 5 to rotate rotary drum 1 at a predetermined

20 rotational speed. Then, drum driving motor 5 which 1is
triggered by driving circuit 22 is driven to rotate rotary
drum 1, and laundry amount detector 27 detects the amount of
the laundry based on a load exerted on drum driving motor 5
from the laundry.

25 Namely, drum driving motor 5 is a brushless DC motor.

As shown in Fig. 2, driving circuit 22 controls the on-off
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, 15 the second agitation control operation as in the washing process are
executed in the rinsing process, the positions of the laundry articles in
rotary drum1 are alternated and the effect of pounding notions can reach
all laundry articles, so that a substantially uniformrinsing process 20
can be obtained. As shown in Fig. 4, after the washing process, rinsing
processes are usually perforned tw ce and a water-extracting operation is
carried out after each rinsing process to extract water fromthe | aundry.
The water-extracting 25 operation after the second rinsing process is

i denti fi edopsréhtonat ert extvitaching gdevdess. Jdhat ts,28 waterirgxdtaat 29 - 16
operation herein refers to an operation for spinning rotary druml at a

hi gh rot atvbhah sposdcdist ephelr abpbay Wit ezlécom e opawgrdraom dhke i phpse
various processes including the washing process. In order to performa

wat er - ext r WeRdrEI8pLAationc s eff actstpdlor duff | Agueadiipiogeswtdmundr yDC
shoul d be stuck on the inner cylindrical surface of rotary drum1 uniformy
such that RAVeF SHERH&E i hot REVEXESdr 23 s18i SR dubyi mestidydna b 3

th h d f ti 2 by trif | f . Lf the l d i s,
uneverly' DEPUREed SER ATBRES 0L pBPYEDn SoF= 0 y BPGRPSD VECEIS TR on
f the | t . t 1 I k
gr vigra?g CE%SI erabfgqéggéégg'l sgﬂgﬁ%gﬁngqg%%%?%€g¥s%égpgegﬁggﬁg%%ygng

side. Thergkateega |ayndryr-hal angiing Rper ali-er: f og bal gnci y is
per fornmed when ?5 starti ngrthe watler-I%gtracti ng oper at?on.%%gﬁl% ter, a

control seguepeetishathed awndmpuralaneidit: opamatd 0Nl ddeecting unit

wat er -extracting operation will be described in order. Fig. 5is a
flowchart gésdeataaus t hkecontlng sequérceipent ocnrddt cont nohleeitelb 21
order to carry out the laundry 20 bal anci ng operation and the

wat el-Oext r fromngyolfeage s oat Refier bodd nemés alest StetosB8b4 rfpr egbnthstiep
nunbers of the control sequence. Wien a water-extraction is started, an
initial referBReEedal iB fEETdefer APni Ag PRe DRAVEACeURRPEY e ©FrGit aufrify i s

set (S1), and_ initializatigon (N=1) of the nunber_of repetitions of |aundry
bal ance deFBPﬁ#X?Ha dﬂg?apﬁoWQW?-l§° inverter 23, by way of current

detecting circuit 26, and laundry amount detector 27 detects

the amount of laundry loaded into rotary drum 1 based on the

15 detected value of the input current. The amount of laundry

detected by laundry amount detector 27 is stored in a memory

of controller 16 to be used in a control operation to be
described hereinafter.

Next, controller 16 transmits to load driving unit 20

20 a control command for opening water supply valve 12, and

water supply valve 12 is opened, so that fresh water is fed

into water tub 3 from a water supply hose connected to water

supply unit 15. At this time, detergent supplied in water

supply unit 15 is also added into water tub 3 while being

25 dissolved in the water. At this point, the operating time

of water supply valve 12 is determined based on the amount
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. performed (S2). Then, drumdriving notor 5 is driven at a first

predeterm ned rotational speed (for exanple, 90 rpm (S3). The tinme period
required for increasing the rotational speed of drumdriving notor 5 up ~to
the first 5 rotational speed is controlled based on the data which is

obtai ned by | aundry anount detector 27 and stored in controller 16. As
shown in Fig. 6A when the anount of laundry is large, drumdriving notor 5
is driven to rotate rotary drum 1 such that the rotational speed of rotary
drum 10 1 reaches a second rotational speed (for exanple, 40 rpnm) at tinme
t1l and t henfkéepadret alctrg treal &y HundAy admdinet S@eo8dt b0t ati. onahrsheed
during the tinme period fromtl through t2. During the subsequent tine

peri od frophe2wategughev8] dot ovater stdbi Benig odevéatedr dtyarwatenini dvslich
that the rotational 15 speed of rotary drum 1l reaches the first rotational
speed at tPRESEBOTVWASH dHEE 3 ladlirin andtiar tybsial | Whem ttHee ovaieer hhavel
rotary drum 1l js rotated such that_the rotatiqgnal speed thereof reaches a
third rot aFFBRAFSsFedPYT o @xefpte; SOVARRF atviElmdatectsrn t #itgnahels

eriod fromt2 to t3'. 20 durin ich_the rotational .speed of rotary drum1
!Os i ng’-r easg]ﬁaﬂﬁmf%tt?ﬁle%fc? rg?an?ﬁ?Bn&IG Sy Y’gt%'ﬁo#tegfﬁgd,‘?%%e%tr&ﬁmxl?n
Fig. 6B. B hi r ntri f I, force hecones qgreater than the.
gravity exéFl e(f%%lef)%%u%grygéao#ﬁqﬁla%stﬁe oe{lunrdDrrE‘e;/ ﬁgmnangt rstﬁi(ﬁsf%gthe
i nner cyl i gdtbeals b Bpr 8966071 5 OLar i UMyl ivh hot N daupdry Stugk, Lo, the
cylindrical surface of" -18 rotary drum 1"5. striButed evenly, rotary drum

1 rotates Bebgakhy Wiyl EXRAIEENCT RA ridd eHY afad ot alh O 1 89 thahatde
bal anced state is found to be good in the |aundry bal ance nonitoring step
(S4). Ther eabt or iscqirtold Ery 18bSospédsbar Uied liavindgynoitrorr-& aty adhimhi
rotational speed, so that water can be extracted fromthe |aundry (S14).
The Bdl ancebrsnghe dfumh apedifprias iomsi t 2r ddrimgddedr ctriotgruy r dguharl ,r otla¢ i on
of rotary drum1l1, As _shown in Fig. 2, drumdriving notor 5 is a brushless
DC not or 1B2EREl d&VRG tife Wat@ortWnd Peeres Lpeesi n Posst i vateletvel o? s
2la to 21c,nade of .r%l l& S gr_e.disqosed at the stator by an interval of
an el ectri ¢ SARRESH Y2bhaegrétiongls arer peirhaneht thggrame r BYPEREE i n
the rotor. i 1e _rot or makes one revolution, the magnetic field of the
per manent Té\hﬁégﬁﬁgfid e8¢t ed by position detectors 2la to 21c, and a
pul se is inputt . CONLEO t i;nt.erval_ of € ical angle
of 120 degrees. q%%és}glcﬁ%néf h%‘t"gf}i%g %Bu?% 1g%%tl\r%leld;rtk&%}%c%ént§%és ?Ckg%v%'n-off
status of awstehbed deyhegs]23pdeiHnand %&p&f@ﬁlélhuslsco%aﬂls#n@é a

el ectric power to 20 first, second and third windings 5a to 5c o the
stator. Ascantesil tcoamangnetdc diielthd s diarowd byofi est hecibhrd vingdh ngs
5a to 5c, thereby rotating the rotor. Further, each of sw tching devices
23a, 23c afdiviegi snaidy ebt eot ropaltee xwdaty nodivn cat | orTHEW) a ahidrdthe
nunber of rotations 25 (rotational speed) of the rotor is controlled by

r epeat edl y28dheFoPRi nGORtERYy reR§RBoR piedePerfrreed r dquignigylly: 1%s

follows. Repeatedly executed in the first agitation control
20 operation 1is a first agitation cycle, which includes a
series of stages of forwardly rotating rotary drum 1 at a
preset rotational speed for a first preset period of time;
stopping rotary drum 1 for a second preset period of time;
reversibly rotating rotary drum 1 at, e.g., the preset
25 rotational speed for the first preset period of time; and

then stopping rotary drum 1 for the second preset period of
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, Controller 16 calcul ates the nunber of rotations of the rotor based on the
period of the pulses outputted fromthree position detectors 2la to 21c and
then perfornms the PWM control of switching devices 23a, 23c and 23e such
that the 5 rotor 'nmakes as many rotations as a set rotation nunber.
Accordingly, if it is detected that the pul ses from position detectors 2la
to 21c are not outputted at a specific interval even though the rotational
nunber of rotary drum| is maintained at a predeterm ned value, it would be
10 determned that irregular rotation problemof rotary drum 1l exists;
namel y, ittwmel.d behé ntfdrptet £divsat bani r@rithelpropeeat 06npoyy pedrypa¥En
distribution of laundry stuck on the inner surface of rotary drum 1.
Ther ef ore, fby sattfngsthepvadeatronned rpeatodnabf speiack of dThm dpresagy
notor 5 as 15 a reference value for determning the bal anced state of

| aundry, uletenrignstri Boeedn bf |laumbpbptiipnadt aspegdunallownnge Hetedred.
At this point, swtching devices 23b, 23d and 23f are not subjected to the
PWM cont r oRCCPPMPEREGE alDr oF QERBN ofrv¥Bt ak y et uel ild fd&dectidd iin 2bhet ep
4, [ undry is.found to be unevenly anced toward one portion of

i.e., if | , al
r ot alry'5 dr ulr’ﬁof?%&BHF o: ééfcefﬁlﬂ‘opg%t heCr B At icgrd'“%f Y oPRSy HFeRPEA( S8PORNd

det er m nes er ual,s. a first predeternm ned value (for.ex | e, 16)
(S6). If erﬂ_’g%fxggg t%]}ﬁoﬁajh‘il??rﬁ?erp?eég?ek”ﬁ%ﬁ 5ok e iJ([alf‘%d’t’%g’Hngﬁ%‘“es

det erm ned r u SRCO ed i | ue (f I 8)
(S7). If Ng}e,ggg:%gl I'%l}&?hghét %e secoq'?l“1 -lzofgfgge%g%g\r{%&ne%&vgﬁﬁgﬁ( igheadded
to N (S9) zpdathenproxcesscisyr girumnad t a{&P S3e anduhReydrilgyyinge rﬁ%' ons
fromsteps S3 through S7 are repeated. Here, if NiIs fou%ﬂ to reach t
second predater diroged! U N SR IST oft hepsi@ImCcanyal &8 51 0r cHEBebP
determ ning the balance state of laundry is changed (S8). Then, by adding 1
to NI®9), prbewigedcessndoesepackito siweh Spoamditle abevendestacbeftheaandry
bal anci ng operation is repeated. \Wen the nunber of repetitions of |aundry
bal ance 10cdepaimoniBP s afPon negwolicy thiasefvod phedetarmdmedsvaked,

the reference val %: for determ ning the balanced state of laundry is
updat ed such t @S tWeFancECRERIEIREr PabSEFOPal sheesdeted ni RaeTehni s

expanded, ereby water-extractjon of | aundr an he started even jf
| aundry iswgﬁgggﬁVy$ﬂ§%ﬁﬂ%ﬁ dkﬁS gSHE%EYté%P%%ﬁ?Hﬂ%ﬂaQ*ﬁﬁtlon blades
wat er - ext r @ctii uhdry 1S . Nnot..J r ed i . 1 ddl e of the
process. If% iltsoirbsfg e‘%%re nég\o;ig gtaéiﬁ{%y t%%l%héegbépg%?eg%sﬁ:ﬁpe %’? ?%ﬁlﬁdry
is good, ibtherthemed ith | i

(S11). If Nti srl ess t%téﬁgr égt ?ﬁe@?%@?ﬁ%e&%%ﬁﬁ%&hﬁ gé%mﬁn?{n(gﬁ%]h%f

bal ance st akenafyl aimdiolds beh wedalmthirddy SUChE Case, 1SS drdall SsP@Ld

considered to be at a state where rotary drum 1l would vi brate because of

unbal ancedikawidment hehen nthehensatedr - extatacdnah ebpekdyndranridrpesdoisrd by

spinning rotary drum1 at a fourth
be picked up by agitation blades 6. In contrast, laundry
would not drop at a rotational speed greater than the preset

20 rotational speed because the influence of centrifugal force

would become greater than the weight of the laundry.
Furthermore, by reversing the rotational direction of rotary
drum 1, laundry articles can be prevented from being
entangled so that positions of laundry articles in rotary

25 drum 1 can be more effectively alternated.

The effect of pounding motions, i.e., lifting up and
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25 rotational speed (for exanple, 900 rpnm) If Nis equal to or greater than
9 in step S11, on the -21 ot her hand, the reference value is updated such
that the tolerance range for |laundry bal ance determ nation is expanded, and
it is considered to be at a state where rotary drum1 would vibrate

consi derably because of unbal anced 5 laundry therein. Therefore, the
rotational speed of rotary drum1l1l is set to be of a value (for exanple, 800
rpm) smaller than the fourth rotational speed (S12), and the tinme period
for the water-extracting operation of laundry is extended to conpensate for
the reduct tbani dregpdmeextaandiyg 10 abikttyd( B13)helhareait esf th8ndry

wat er-extraction of laundry is perfornmed (S14). Mreover, if laundry is

f ound t o beckamapdatkedl dncerbsany edinmsiiep Shesedoraft art the peéeeeabie

val ue i s updated such that the tolerance range for the |aundry bal ance 15
det er m nat FBALI $hs&parEeat trrftationa¥ mpeedchiss afligubtedt demesetiergr oed
value (for _exanple, 16)_ in step S6, it is interpreted as being in a state
wherein thé ﬁn%gp et R ESFY | ahdir Jeearnbedbesitiesved ity aupenat i of t he

| aundryy bal anci.ng operatjon ecause the laundry is_entangled in a 20
conplf%ategaﬁﬁﬁﬁgrﬁjingghéﬁgﬁgcgﬁé,f?ﬁﬁgﬁYoég@gnﬁrd@%%%%t?E StleprshotBad
alerts an i t Juser_ by way_ of_neking, .for exanple, an_electronic
sound or aaggﬁggggiéggéﬁﬁ ﬁgﬁ%ﬁﬁnﬁstﬁﬁP{ﬁéw t%??ﬂngmﬁl SR FRT e APyt

Al t hough n hQw 4 LO j.nc eth u Lni sh t.angl i pg
the 25 Iauﬁgr?'can]%g g§t§%%§‘ 69 ?%%Ho%eﬁ%ﬁéﬂghdggFgékhg%ﬁﬁkﬁg%f%#]%?is

initializedewbenclidie paeeRitngrafdt €bA8E NGO 751 $1Rkr sHBEACT €dry
t hereby re-perform ng the above-descri bed operations. Further, since

moni t or i ngcohttrhetbhaliahcetestsatored dmoingdt Y oifs RAIADFEE sWhekk 10enduehing
every water-extracting 5 operation in each of washing, rinsing and
wat erlOext r abei ngpreset value, controller 16 increases the preset
rotational speed. Although it 1is possible to obtain a
cleaning effect of laundry articles while alternating their
positfons by way of repeating only the first agitation
control operation for a specific washing period, it is more
15 preferable to execute a second agitation control operation
after the first agitation control operation.
Repeatedly performed in the second agitation control
operation is a second agitation cycle including a series of
stages of forwardly rotating rotary drum 1 at. a
20 predetermined rotational speed higher than that of the first
agitation control operation for a third preset period of
time; stopping rotary drum 1 for a fourth preset period of
time; reversibly rotating rotary drum 1 at the predetermined
rotational speed for the third preset time period; and then

25 stopping rotary drum 1 for the fourth preset time period.

The second agitation cycle is repeated for a second
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. processes as shown in Fig. 4, the nonitoring procedure is performed in

wat er extracting steps for each of the processes. Further, it may be
preferable that the rotational 10 direction of rotary drum1 is repeatedly,
periodically reversed until the rotational speed of rotary drum 1l reaches
the first rotational speed. In this case, the forces to the laundry are
applied in different directions, thereby facilitating the separation of
entangled | aundry articles. 15 In accordance with the present invention
descri bed above, the state of laundry distribution in the rotary drumis

det ect ed basedebarhbfeblalpaiced séfteiné. | avhRdr prddcdtRend N eFsexd 1&edl ng
operation which is perfornmed after each of a washing and a rinsing process.
| f the | auspegdi srefpambntos 2@ beofait aomahbaipeece shatk, ddees | avndryl low

bal anci ng operation is repeated several tinmes prior to starting the

wat er ext r atRPRGrBpekat i °Pso Pffat ittsdeacat ¢ of aligd awdry ithe helmotary
drum can be readily changed and entangled laundry articles can be

separ at ed. “Y{1F El1¥3&ncﬁ‘§/r%‘??‘?cl%fs gpgagg ebfafgledbyn Bheh eenerfiuasst ed

manner. that a bal anced stat.e thereof cannot be_reached by_using an initial
: ‘ae $i 5 ?:

ref er 8nce -23°° \RIURICE FeFaFeRle 94l UEPFRTYpdHIEl tho a VEl%Ue
havi A l, t hat, .t h t 1 ti [ ati

can be ot arf g ] oBErE1 Ll HRR R R P i ) o BB an
interruptigne8fcbhed Mﬂ%eé£ﬁtﬁptl' NG QRETAL | ggﬁéggtgﬁ P& nér%re'ac}jir{%/

Furthernore, by alerting abnormality to user b ans of an ‘ab ma

noti ficatieft ugilumpen dhelanhary! edstatsy of bapdeymgaaN0L RS g gued by
control operations, the user can be pronpted to take a neasure to sepdrate

the ent angdiedm| aunts y sacippelcesto 0 ther theuxrtieverewhen ¢ hige | perded, i She
entangl ed, the waterextracting operation can be perforned by way of

rot attiong thaurdrar prddymest  difoedt upnalo speed uppear pdeinidhabff arotmmor mal
wat er-extracting operation. As a result, a drumtype washi ng nachi ne can be
confi gur edd’f"‘émpgr fg1em dateeheg Expmadtienglper acvbhsdaicel eactfack tdrad
washi ng ang t he rinsi nngr ocggs multiple tinmes. Wiile the invention has

been shownCERBPEEs &Y b wi ¢ ?%%p@(?t %%e¥ﬁ'éapref%¥rééleemé§§?ﬂréﬁ{19 iandai | |
e Rl DR DA ety pee et 20,
the invent£P@e?ﬁa9§éiQ%Qfé]Eﬁgiiokg@mgm%féakggngé%4as well, thereby

15 leading to more effective pounding motions.

By performing the first and the second agitation
control operations alternately for a third predetermined
period of time, alternating the ©positions of laundry
articles in rotary drum 1 can be sufficiently performed and

20 different pounding motions in the two agitation control
operations can be obtained so that it is possible to provide
substantially the same degree of cleaning to all laundry
articles even in slanted rotary drum 1 without reducing the
cleaning efficiency. |

25 Upon completion of the washing process described above,

controller 16 transmits a  control command to load driving
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.VWat.is claimed is: 1. A drumtype washing machi ne conprising: a housing; 5
a water tub elastically supported in the housing; a rotary drum
accomodated in the water tub and having an approximately horizontal or a
slanted rotational axis; a drumdriving notor for rotating the rotary drum
and a controller for controlling a rotation of the drum 10 driving notor,
wherein with respect to water extracting processes foll ow ng each
operational stage of the washing machine, the controller is capable of
rotating the rotary drumup to a first rotational speed which nakes | aundry
in the rotanyt130dtomogemgratemandtaiervalivéate, obot it atotaryathtiMrain
performng a | aundry bal ance determ ni ng operation for determ ni ng whet her
t he | aundr§onsrelemBerfision bfred dirmthd ngighan sbhiéd eidnneat sur fface ofat dwe
rotary drum by using an initial reference value; repeating the |aundry

bal ance 20tdet et nitfi ngXepBEaLi on YPracraranceentral kenf Itthetranauiysi
found to be upacceptable by using the initial reference val ue; updating the
initial re?%?gﬁgg EQW@@“@OQ& Ve MRVE WL et fi dér tPafgd refctt ofatrain clerathen

t he nynber,of repetitions_of the.laundry hal ance determ ning operation 25
reachés a %)fgléla% gr rﬁyﬁeEOSSI%&Q? r SpER %ﬁévﬁﬁ’@ | 989RAFy bal YREESA¥t ¥HFFH g
operation i h cg value; -25 d_rqtating.the
rotary dr u%(%%légggg%la?iro%ﬁg?&g%e%%{lgéggi ?Lesdaéeoff%r"\}\% e‘ra?gﬁ’r %é}el n Ation
when the bglanegd. state of the laundry is found to be acceptable based on
either one of the initial reference value or the updated reference value. 5
2. The washi ng mEdmeaofprdddtBdniddd t BeheCOHAY | GhBEraBx@kaekiBhi t#om
notification unit wherein the controller controls the abnormality

noti fi cati oheudetunteyr, epormttadiiosmal 6t ylobes twesawindesinf veaepet it ang of
the |l aundry 10 bal ance determ ning operation reaches a preset val ue by
usi nd % he opeRsedareresenpéyvakdee 12, so that fresh water is fed into

water tub 3 and a rinsing process is started. In the
rinsing process, the laundry in rotary drum 1 are subject to
agitating motions by alternately rotating rotary drum 1
forwardly and reversibly. For instance, if the first and/or
15 the second agitation control operation as in the washing
process are executed in the rinsing process, the positions
of the laundry articles in rotary drum 1 are alternated and
the effect of pounding motions can reach all laundry
articles, sc that a substantially uniform rinsing process
20 can be obtained.

As shown in Fig. 4, after the washing process, rinsing
processes are usually performed twice and a water-extracting
operation is carried out after each rinsing process to
extract water from the laundry. The water-extracting

25 operation after the second rinsing process is identified as

the water-extracting process. That is, a water-extracting
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, 3. The washi ng machine of claim11, wherein the controller executes a
wat er - extracting operation by using a second 15 rotational speed when the
bal anced state of the laundry is found to be acceptabl e based on the
updat ed reference.val ue, the second rotational speed being | ower than a
rotational speed for performng a water-extraction of the laundry after the
bal anced state of the laundry is found to be acceptable 20 based on the
initial reference value. 4. The washing machine of claim3, wherein the
controller extends a tine period for the water-extracting operation when
the wat er -ep¢raciongheperiat imefdss pes fonnegeattiba Zorsegonthigd atdwaa)
speed. -26 5. The washi ng machi ne of any one of clains 1 to 4, wherein
t he controfifen soatrad hidle rotational dpeedt edheaf ddzd rriotearwa torainfitam be
repeatedly, periodically reversed until the rotational speed of the rotary
drum r eacheRt#RE BTPir 3t AMELAG RElicsFedyocespes including the washing

. A3(. A3. A3. A39. A3. A3. AY. A&, AFn, AY. AF% AF. AY& A. A& A. A . AF. AF% Al & AF&. A
.AI9.A[.A@¥9F%§§%B In order to perform a water-extracting operation

5 effectively during each process, laundry should be stuck on
the inner cylindrical surface of rotary drum 1 uniformly
such that water absorbed in the laundry is dispersed out
into water tub 3 through drum perforations 2 by centrifugal
force. If the laundry is unevenly balanced toward one

10 portion of rotary drum 1, water-extraction of the laundry
cannot be performed smoothly, and rotary drum 1 would shake
or vibrate considerably because its center of gravity is
offset toward one side. Therefore, a laundry balancing
operation for balancing the laundry is performed when

15 starting the water-extracting operation. Hereinafter, a
control sequence for the laundry balancing operation and the
water-extracting operation will be described in order.

Fig. 5 is a flowchart describing the control sequence
performed by controller 16 in order to carry out the laundry

20 balancing operation and the water-extracting operation.
Reference numerals S1 to S14 represent step numbers of the
control sequence.

When a water-extraction is started, an initial
reference value for determining the balanced state of

25 laundry is set (S1), and initialization (N=1) of the number

of repetitions of 1aundry balance determining operation is
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Logagigngl speed of drum driving motor 5 up to the first
rotational speed is controlled based on the data which is
obtained by laundry amount detector 27 and stored in
controller 16. As shown in Fig. 6A, when the amount of
laundry is large, drum driving motor 5 is driven to rotate
rotary drum 1 such that the rotatiocnal speed of roﬁary drum
1 reaches a second rotational speed (for example, 40 rpm) at
time tl and then keeps rotating rotary drum 1 at the second
rotational speed during the time period from tl through t2.
During the subsequent time period from t2 through t3, motor
5 is driven to rotate rotary drum 1 such that the rotational
speed of rotary drum i reaches the first rotational speed at
time t3. When the laundry amount is small, on the other
hand, rotary drum 1 is rotated such that the rotational
speed thereof reaches a third rotational speed (for example,
50 rpm) at time tl, and the time period from t2 to t3°’
during which the rotational speed of rotary drum 1 is
increased up to the first rotational speed is shortened, as
shown in Fig. 6B, By this control, centrifugal force
becomes greater than the gravity exerted on the laundry so
that the laundry would stay stuck to the inner cylindrical
surface of rotary drxum 1.

If the laundry stuck to the cylindrical surface of
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rotary drum 1 distributed evenly, rotary drum 1 rotates
normally without experiencing irregular zrotation, so that
the balanced state 1is found to be good in the laundry
balance monitoring step (S4). Thereafter, controller 16
5 spins drum driving motor 5 at a high rotational speed, so
that water can be extracted from the laundry (S14).
The Dbalanced state of laundry 1s monitored by
detecting irregular rotation of rotary drum 1. As shown in
Fig. 2, drum driving motor 5 is a brushless DC motor
10 including the stator and a rotor, wherein position detectors
2la to 21c made of hall IC’s are disposed at the stator by
an interval of an electrical angle of 120 degrees to face a
permanent magnet provided in the rotor. While the rotor
makes one revolution, the magnetic field of the permanent
15 magnet is detected by position detectors 21a to 21¢, and a
pulse is inputted to controller 16 by the interval of the
electrical angle of 120 degrees. Based on the pulse inputs,
controller 16 changes the on-off status of switching devices
23a to 23f and supplies thus controlled electric power to
20 first, second and third windings 5a to 5c of the stator. As
a result, a magnetic field is formed by first to third
windings 5a to b5c, thereby rotating the rotor. Further,
each of switching devices 23a, 23c and 23e is subjected to
pulse width modification (PWM), and the number of rotations

25 (rotational speed) of the rotor is controlled by repeatedly

controlling a duty ratio at a predetermined fregquency.
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rotor based on the period of the pulses outputted from three
pogition detectors 2la to 2lc and then performs the PWM
control of switching devices 23a, 23c and 23e such that. the
5 rotor ‘makes as many. rotations as a set rotation number.
Accordingly, if it is detected that the pulses from position
detectors 2la to 2lc are not outputted at a specific
interval even though the rotational number of rotary drum 1
is maintained at a predetermined value, it would be
10 determined that irregular rotation problem of rotary drum 1
exists; namely, it would be interpreted as having the
problem of poor and uneven distribution of laundry stuck on
the inner surface of rotary drum 1. Therefore, by setting
the variation in rotational speed of drum driving motor 5 as
15 a reference value for determining the balanced state of
iaundry, uneven distribution of laundry in rotary drum 1 can
be detected. At this point, switching devices 23b, 234 and
23f are not sﬁbjected to the PWM control.
If irregular rotation of rotary drum 1 is detected in
20 step S4, i.e., if laundry is found to be unevenly balanced
toward one portion of rotary drum 1, controller 16 stops the
rotation of rotary drum 1 (85) and determines whether N
equals a first predetermined wvalue (for example, 16) (86).
If N is less than the first predetermined value, it is then
25 determined whether N equals a second predetermined value

(for example, 8) (S7). If N is smaller than the second
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%WO0%& ()-/preceleAMREA7value, 1 is added to N (S9) and the process is
returned to step S3 and the driving operations from steps S3
through S7 are repeated. Here, if N is found to reach the
second predetermined value in step S7, the reference value

5 for use in determining the balance state of laundry is

changed (S8). Then, by adding 1 to N (S9), the process goes
back to step S3 and the above-described laundry balancing
operation is repeated.

When the number of repetitions of laundry balance

10 determining operation reaches the second predetermined value,
the reference value for determining the balanced state of
laundry is updated such that a tolerance range for laundry
balance determination is expanded, whereby water-extraction
of laundry can be started even if laundry is unevenly

15 bélanced to some extent, so that the water-extraction of
laundry is not interrupted in the middle of the'process.

If it is determined in step S4 that the balanced state
of laundry is good, it is then determined whether N is equal
to or greater than 9 (S11). If N is less than 9, the

20 reference value for determining the balance state of laundry

is not updated. In such case, since it is not considered to
be at a state where rotary drum 1 would vibrate because of
unbalanced laundry therein, the water-extraction of laundry
is performed by spinning rotary drum 1 at a fourth

25 rotational speed (for example, 900 rpm)

If N is equal to or greater than 9 in step S11, on the
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&Y 0% <7<& ¢)e@phveV+\AANYeY] ZEDY laundry Dbalance determination is
expanded, and it is considered to be at a state where rotary
drum 1 .would vibrate considerably because of unbalanced
5 laundry therein. Therefore, the rotational speed of rotary
drum 1 is set to be of a value (for example, 800 rpm)
smaller than the fourth rotational speed (S12), and the time
period for the water-extracting operation of laundry is
extended to compensate for the reduction in water-extracting
10 ability (S13). Thereafter, the water-extraction of laundry
is performed (S14).

Moreover, if laundry is found to be in an unbalanced
state in step S4 even after the reference value is updated
such that the tolerance range for the laundry balance

15 determination is expanded, that is, if N reaches the first
predetermined wvalue (for example, 16) 'in step S6, it is
interpreted as being in a state wherein the unbalanced state
of laundry cannot be improved by repeating the laundry
balancing operations because the laundry is entangled in a

20 complicated manner. In such a case, the process proceeds to
step S10 and alerts an abnormality to user by way of making,
for example, an electronic sound or a synthetic sound to
prompt the user to untangle the laundry. Although not shown
in Fig. 5, since whether the user finished untangling the

25 laundry can be detected by the opening and closing cf door 7,

N is initialized when the opening and closing of door 7 is
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' detected, thereby re-performing the above-described
operations.
Further, since monitoring of the balanced state of
laundry is performed when conducting every water-extracting
5 operation in each of washing, rinsing and water-extracting
proéesses as shown in Fig. 4, the monitoring procedure is
performed in water extracting steps for each of the
processes.
Further, it may be preferable that the rotational
10 direction of rotary drum 1 is repeatedly, periodically
reversed until the rotational speed of rotary drum 1 reaches
the first rotational speed. In this case, the forces to the
laundry are applied in different directions, thereby
facilitating the separation of entangled laundry articles.
15 In accordance with the present invention described
above, the state of laundry distribution in the rotary drum
is detected based on the balanced state of laundry during a
water-extracting operation which is performed after each of
a washing and a rinsing process. If the laundry is found to
20 be in an unbalance state, the laundry balancing operation is
repeated several times prior to starting the water-
extracting operation, so that the state of the laundry in
the rotary drum can be readily changed and entangled laundry
articles can be separated. If the laundry articles are

25 entangled in such a complicated manner that a balanced state

thereof cannot be reached by using an initial reference
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& () -/ WKY<gatracting operation can be started even in case the laundry
is unbalanced to some extent and an interruption of the
5 water-extracting operation can be prevented. Furthermore,
by alerting abnormality to user by means of an abnormality
notification unit when the entangled state of laundry cannot
be improved by control operations, the user can be prompted
to take a measure to separate the entangled laundry articles.
10 Further, even when the laundry 1is entangled, the water-
extracting operation can be performed by way of rotating the
rotary drum at a rotational speed lower than that for a
normal water-extracting operation. As a result, a drum type
washing machine <can be configured to perform water-
15 extracting operations after each of the washing and the
rinsing process multiple times.
While the invention has been shown and described with
respect to the preferred embodiment, it will be understood
by those skilled in the art that wvarious changes and
20 modifications may be made without departing from the spirit

and scope of the invention as defined in the following

claims.
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What is claimed is:

1. A drum type washing machine comprising:
a housing;
5 a water tub elastically supported in the housing;
a rotary drum accommodated in the water tub and having
an approximately horizontal or a slanted rotational axis;
a drum driving motor for rotating the rotary drum; and
a controller for controlling a rotation of the drum
10 driving motor,
wherein with respect to water extracting processes
following each operational stage of the washing machine, the
controller is capable of rotating the rotary drum up to a
first rotational speed which makes laundry in the rotary
15 drum c¢ling to an inner surface of the rotary drum;
performing a laundry balance determining operation for
determining whether the laundry is evenly distributed and-
clung on the inner surface of the rotary drum by using an
initial reference wvalue; repeating the laundry balance
20 determining operation if a balanced state of the laundry is
found to be unacceptable by using the initial reference
value; updating the initial reference wvalue to a value
having a wider range of tolerance when the number of
repetitions of the laundry balance determining operation
25 reaches a predetermined value; repeating the laundry balance

determining operation by using the updated reference value;
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and rotating the rotary drum at a rotational speed required

for a water-extracting operation when the balanced state of
the laundry is found to be acceptable based on either one of

the initial reference value or the updated reference value.

2. The washing machine of claim 1, further comprising an
abnormality notification unit wherein the controller
controls the abnormality notification unit to report
abnormality when the number of repetitions of the laundry
10 balance determining operation reaches a preset wvalue by

using the updated reference value.

3. The washing machine of claim 1, wherein the controller
executes a water-extracting operation by using a second
15 rotational speed when the balanced state of the laundry is
found to be acceptable based on the updated reference value,
the second rotational speed being lower than a rotational
speed for performing a water-extraction of the laundry after
the balanced state of the laundry is found to be acceptable

20 based on the initial reference value.

4, The washing machine of claim 3, wherein the controller
extends a time period for the water-extracting operation
when the water-extracting operation is performed at the

25 second rotational speed.

-26-



5. Thé washing machine of any one of claims 1 to 4,
wherein the controller controls the rotational direction of
the rotary drum to be repeatedly, periodically reversed
until the rotational speed of the rotary drum reaches the

first rotational speed.
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