; e3eDEBBC\ E' ~E<F6FTDGhnd WASHI NG MACHI NE Field of the Invention 5 The
present invention relates to a washing machi ne for perform ng washi ng,
rinsing, and water-extracting processes in a rotary drum having a
substantially horizontal or slanted rotational axis. 10 Ba

I nventi on A conventional drumtype washi ng machi ne incl ude mgm@mmmﬂmw

for accommodating |laundry therein. The rotary drumis insta 'n-a mate
tub such that it rotates about 15 a horizontal axis. Further, f'8ifed at the
front portion of the water tub is a laundry Ioadlng/unloadlng openi ng

whi ch is opened and cl osed by a dBBFHINGt MACHINEI ng Iaundrﬂwummlmmuummgry

drum t hrough the | aundry | oadi ng/ unl oadi ng openi ng, the wa
performs washing, rinsing and 20 water-extracting processes by+g@sntrolling

wat er suppl / rain into/fromthe water tub. and also by controlling the
rotation o éiiiﬁa&ﬂﬁ~&£ﬂﬁ¥3¥5¥lher, by forming an air circul ation channel
for discharging air fromthe water tub and running it through a

dehum dification unit and a heating unit prior 25 to re-circulating the air

33;%@} gutn ge Wafﬁé bubsehbe i WRshi-BgnmBehine £an, &l sihddiigy thechunetigp of

performlng washing, rinsing, and water-extracting processes

in a rotary drum having a substantially horizontal or

slanted rotational axis.

10 Background of the Invention

A conventional drum-type washing machine includes a
rotary drum for accommodating laundry therein. The rotary
drum is installed in a water tub such that it rotates about

15 a horizontal axis. Further, formed at the front portion of
the water tub is a laundry loading/unloading opening, which
is opened and clésed by a door. After putting laundry in
the rotary drum through the laundry loading/unloading
opening, the washing machine performs washing, rinsing and

20 water-extracting processes by controlling water supply/drain
into/from the watér tub and also by controlling the rotation
of the rotary drum. Further, by forming an air circulation
channel for discharging air from the water tub and running
it through a dehumidification unit and a heating unit prior

25 to re-circulating the air back into the water tub, the

washing machine can also have the function of drying laundry



+in the rotary drum One exanple of washing machines of this type is
di scl osed in Japanese Patent Laid-Qpen Application No. 1998-211393 (pp. 3
and 4, Fig. 1). Wth regard to the conventional type washing machine 5 as
descri bed, when inpurities or contam nants such as detergent residues are
stuck on the outer cylindrical surface of the rotary drum rotably
installed in the water tub, it has been difficult to renove them
Particularly, since detergent residues are |lipophilic and highly cohesive
10 materials, they often remain on the cylindrical surface of the rotary
drum once s$tutket koteaty. dmun sdole iexampills of orasgloimamacmredrgf uphis hey
beconme hardened so that_their renoval becones nore difficult. Further, once
cont ani nant¥P&r S5t dERCHASEAe idy LTARARIIR ePRESNENLP P aTd PR FATgHRR by

tt ti ' ts, [ b [ le. | ddi tion,
et o1 gent NB<I G360 iy CHusERnE SFOWAT GrSm OPoor gani sm bact eri a and or
the like. Th | I h : | d | L L 1 ub
i nei de of whi ch T5oB SRR By pri B TR 207Er st IR

Accor & ngl ¥ t BRLe a3 Peen i Needyhf-G0NE UM tdha JIRLNA0- L 0 Lemves s

pronptly the inpurities or contamnants stuck on the outer cylindrical

surface of gehergehdry rdisdifues? arduMBduelof dhe diyensh®dr | teyBindhes£f or e,
an object of the present invention to provide a washi ng nachine capabl e of

fl ushi ng ogurfacepuwfttke Aottt afiiantstabtly asnged BYgentinr edicduest st uck
on the outer cylindrical surface of a rotary drum by strong water currents
creat ed astabresid t hef rugeat i dgfEheul bt &y demovat them.gh Baeedculdmeleby
mai ntai ning the outer cylindrical surface of the rotary drum hygienic. 10
| n accor daféBCRi deteygasiterFeel dndpvdarent ipprhpdipr thighdent Foresiver e
is provided a washing chine including: a rotary drum having an
apprd%?nat@?§eﬁ6@5font e%rogtgPaﬁFgﬁlgoﬁH%iBQ%lCX&F§§r&cﬁ&té¥lﬁiﬁFe of

el astically,su rted jn_a washi hi ne mai n body and accommodating 15

t he rotaryxaFu%ggﬁéyéi F”bcﬁ5¥%FﬂgﬁﬂPr5F§FFﬁb the rotary drum an inverter
havi ng one or Wi I ng, deviges for _su [ | e I C..pOwe, t he
notor; and a cgﬁ%}?% Ieér& orch n%%‘ﬁ?%g o&?\ %%é)rég |5%Q1(t):1% tﬁ%yrm]tlgf b%/héegy of

control | i nge@BReOh Pt dNe W talliNg AeYIRes hahishEd r}n@%tc‘i@f@?&ﬁi@' | er

executes a rotary drum cleaning operation by using water collected in t he
water tub byreagrof &endrebhtbgiaanekatdenaktaprRedOf thet Avandr st fHcde

equal to a first rotational speed, the first rotational speed being greater
t han 16 r ot ahegndlerspeed wramh baggsr| dyndaytract begr afcarey 2ontdimimimtsti ck
to the inner surface of the rotary drum but snaller than a norma
rot at i onal cgpsadowlinc iPbnoXiapd redtt¥er In addition, detergent residues
may cause the growth of microorganism, bacteria and/or the
like. 'There is also a concern that molds would grow in the
water tub inside of which is highly humid by promoting the
20 spread of germs. Accordingly, there has been a need to come
up with a method to remove promptly the impurities or

contaminants stuck on the outer cylindrical surface of the

rotary drum.



-3 " extracting water fromthe laundry. Brief Description of the Draw ngs 5
The above and other objects and features of the present invention wll
beconme apparent fromthe followi ng description of a preferred enbodi nent
given in conjunction with the acconpanying drawings, in which: Fig. 1 is a
circuit diagramof a washing machine in 10 accordance with a preferred
enbodi nent of the present invention, wherein sone conponents are
represented by blocks; Fig. 2 is a vertical cross sectional view of the
washi ng machine in Fig. 1; 15 Fig. 3 is a cross sectional view of a nmajor
conponent Shmmaeywashichg Faclkeintéonn Fig. 1; Fig. 4 is a magnified view of a
console and a display unit of the washing machine in Fig. 1; Fig. 5is a
flowmchart that describes the operation of 20 a nmain conponent of the
washi ng machine in Fig. 1; Fig. 6 is a gLne chart that outlines the nunber
of rotations of &Frdfaryf Fifd cARANGEIerh Qlecthfc PEGSEET YIVEETHADr of
the washing machine in Fig. 1. .Fig. 7 is a flowchart to illustrate a
subrout i neg§5 \Rﬁ?gﬁdgontar olwsas?jf‘}élqgotngtq%{%ﬁ ST 6533 ot tcffg r%lltlﬁsnyl%ﬁ urt Ahd
the e|5eCt r ':.ﬁlpﬁwﬂ:?@s QDfr té@ht{@rﬁﬂ{arﬂfs té‘l&cﬂﬁggl @lgt%?(é}é'n@e ferbi'cfhes stuck

on the outer cylindrical surface of a rotary drum by strong

water currents created as a result of rotating the rotary
drum at a high speed, thereby maintaining the outer
cylindrical surface of the rotary drum hygienic.

10 In accordance with a preferred embodiment of the
present invention, there 1is provided a washing machine
including: a rotary drum having an approximately horizontal
or a slanted rotational axis; a water tub elastically
gupported in a washing machine main body and accommodating

15 the rotary drum therein; a motor for rotating the rotary
drum; an inverter having one or more switching devices for
supplying an electric power to the motor; and a controller
for controlling an operation of the motor by way of
controlling one or more of the switching devices, wherein

20 the controller executes a rotary drum cleaning operation by
using water collected in the water tub by way of controlling
a rotational speed of rotary drum to be equal to a first
rotational speed, the first rotational gpeed being greater
than a rotational speed which makes laundry in the rotary

25 drum to stick to the inner surface of the rotary drum but

smaller than a normal rotational speed which is required for



. Fig'l.; and Fig. 8 is a cross sectional view showi ng a nai n conponent of
the washing machine, to illustrate the flow of water supplied into a water
tub. 5 Detailed description of the Preferred Enbodi nents Hereinafter, a
preferred enbodi nent of the present invention will be described in detai
with reference to the 10 acconpanyi ng drawi ngs. However, it is to be noted
that the present invention is not limted thereto. As shown in Fig. 2,
cylindrical rotary drum1l having a base is rotatably installed in water tub
3. Rotary drum1l is provided with nultiple drumperforations 2 on its 15
cyl i ndri caPxsupradadaig beint H1ost &end astmey -(central axis of rotation) 4 at
its center of rotation while rotary drum11 is disposed such that its
central axis of rotation is declined toward the rear portion of the washing
machi ne. -tor 5 |nstalled at th 2ar srde of water tub 3 is connected to
20 rotating: 2 GErak HEFEIPSS rotate in forward and reverse
di rection. Further a nunber of agltatlon bl ades 6 are di sposed on the
i nner wal |l of rotary drum 1. An opening formed at the inclined surface of

water gub 3's fronl pé’lﬁébé’” ¥hichof Ees é@;/‘@é@'s' SaR@eNEdafiife &1 05£d dye 25

door 7. By opening door 7, laundry can be ded 1nto or unloaded from
rotary drughésehoUtivetNER Y wid 1 ﬂ)@@&hé\gla'@?a(i@ﬂitngf@@tﬁmtmﬁ 8f o Bi dMgEngloor
7 is installed in the inclined surface, the [oading/unloading of |aundry
can be per teepedpniibhoudf aausefe fhaviady dmbdditteowgivéat ém tadnPunstion
suspended i n washi ng machi ne mai n body

with the accompanying drawings, in which:

Fig. 1 1is a circuit diagram of a washing machine in
10 accordance with a preferred embodiment of the present
invention, wherein some components are represented by
blocks;
Fig. 2 1s a vertical cross sectional view of the
washing machine in Fig. 1;
15 Fig. 3 is a cross sectional view of a major component
of the washing machine in Fig. 1;
Fig. 4 is a magnified view of a console and a display
unit of the washing machine in Fig. 1;
Fig. 5 is a flowchart that describes the operation of
20 a main component of the washing machine in Fig. 1;
Fig. 6 is a time chart that outlines the number of
rotations of a rotary drum and changes in electric current
of a motor of the washing machine in Fig. 1;
Fig. 7 1s a flow chart to illustrate a subroutine
25 which controls the rotational speed of the rotary drum and

the electric current of the motor of the washing machine in



» 5 9 by springs (not shown) so that it can rock back and forth. Connected to
the | ower portion of water tub 3 is one end of water drain conduit 10, and
the other end of water drain conduit 10 is coupled to water drain valve
(wat er draining neans) 11 to drain wash water fromwater tub 3. Water 10
supply val ve (water supplying neans) 12 is used to fill water in water tub
3 via water supply conduit 13. Water outlet 14 is forned at the bottommopst
portion of water tub 3 such that it is perpendicular to the rotational
direction of rotary druml1l. As shown in Fig. 3, sidewall 15 14a of water
outlet 14 F&9f drmednduch that it crosses the direction of water current.

Further, in thls enbodi ment, although rotary drum 1 haV|E8 rotating shaft 4
at its center off JrEE)t at§ ontd s 3 nSERFedSEGERCPRAt VEEYCceARPYINGXi ] draln

rotation is decli ward the rear ort| shi chine.in
this pref ef PEHOBRBAS ﬁfgt[he Pt s TAPaERF ¢ nEPor AL e L b bet
up such th e i f i i's approximtely horlzontally
orient ed. g%ggglsgﬁg%s t g§g§h%'a%$%%fgﬁﬁbf control unit 15. As 25 shown
thereiqn, control unit 15 includes controller 16 with a mcroconputer for
controlling a series of operations -6 i ncl udi ng washi ng, rinsing, and

wat er - ext r pethig el defeIaPtiidnS FUeMe e Ade B in@ddng the operation

of notor 5, water drain valve 11, water supply valvé IZ, and so forth. As
for controller 16, it registers an input signal from

Hereinafter, a preferred embodiment of the present
invention will be described in detail with reference to the
10 accompanying drawings. However, it is to be noted that the
present invention is not limited thereto.
As shown in Fig. 2, cylindrical rotary drum 1 having a
base is rotatably installed in water tub 3. Rotary drum 1
is provided with multiple drum perforations 2 on its
15 cylindrical surface and with rotafing shaft (central axis of
rotation) 4 at its center of rotation while rotary drum 1 is
disposed such that its central axis of rotation is declined
toward the rear portion of the washing machine. Motor 5
ingtalled at the rear side of water tub 3 is connected to
20 rotating shaft 4 to make rotary drum 1 to rotate in forward
and reverse direction. Further, a number of agitation
blades 6 are disposed on the inner wall of rotary drum 1.
An opening formed at the inclined surface of water tub
3's front portion which faces upward is opened and closed by
25 door 7. By openiné door 7, laundry can be loaded into or

unloaded from rotary drum 1 through laundry



. 5 input setting unit 17 for setting an operation course, while it inforns a
user of the input information through display unit 18. Concurrently, once
an operation is set to start by input setting unit 17, controller 16
nmonitors the operation of water drain valve 11 and water supply valve 12
via load 10 driving unit 20 based on input data transmtted from water

| evel detector 19 for detecting the water level in water tub 3, and so
forth, thereby carrying out a washing operation. At this tine, controller
16 controls the rotation of notor 5 by controlling inverter 23 via inverter
driving 15lepféngyuptopdéag ety t8 ansfineed dacsm posbt ilowtadtlest iy
unit 21, which detects the position of notor 5's rotor. Though not shown,
nmotor 5 i stBepdusiiiaed Deurpres i sbrudianfiaFtutiaading ehr dé1pRaYe can

i ndi d t ith bi_pol t t, dj d i ng.
The st at or BFsB25 RRBESU 5P Hir Be BRESEANRRE g JRE) GAVRG 11 1St wi ndi ng
5a, second windijg &b g0g Lhiyd WAKDG. B WOUNdnREGUAG AY il 410N

provided with slots.” | averfer 2 €S SWw I'ng~devi cés e elnd’nade

up of = paéab&eéps}kh%%i EI(n%ft AHRWME I ABISLY (B ok InINIHAIRG QAL €
bi pol ar transistor("IGT")) and a reverse conducting diode. Specifically,

inverter 28chfetddastd the 1Rr ol ididf ofaterstubnd SecoHE Md ¥ ng
devi ces 23a and 23b; a serial circuit of third and forth swi tching devices

23c and 23datamnd dxesier i abndudeuilo,of ahdf theanstlséxt kns ¢ £ hiwvagette\deeisn 23e
and 23f, wherein the serial circuits 5 are connected to each other in
paral | el . Eenduibotll) eimlscofipdadhtof waersettaln cvatuet siwetrere drsimmg
termnals and are coupled to a DC power supply. Further, respectively

coupl ed tomgapghctibntef @hainwovasii t whtey dEvPwmesratiereattbse?i al Watrawi t
are output 10 termnals, which are in turn connected to a Utermnal, a V
ternmilfal afHPRIW t¥E i $al (WS theSPRPEBI PR RN Ags, 1Fedfsd i 81 vEithe U,
V and VVtern}naIs are conErglled.as a %OSitiVﬁ vol t & gézero vol t age and
a floating"8tafelt B85EE TV8I §, VBF H2ESKLERER “of ¥ "oper ati ons of

&n “5f
the 15 two sw tghi I i C al, . ci (- - i ons
of the sw tpm nghél evi g@#%ﬁ %gngsoﬁfgﬁggyggolﬁ?l(réghtoé:rt%o%;sgérotﬁ% ataéaf from
three posi{;heBrdel8chorguchla i 21€, 1 ¥hhebpahd; FRIErUR Pl dod L€ Hnal

Position detectors 2la to 21c are di sposed at the
direction of rotary drum 1. As shown in Fig. 3, sidewall
15 l4a of water outlet 14 is formed such that it crosses the
direction of water current.
| Further, in this embodiment, although rotary drum 1
having rotating shaft 4 at its center of rotation is
installed such that its central axis of rotation is declined
20 toward the rear portion of the washing machine in this
preferred embodiment, rotary drum 1 with rotating shaft 4
may be set up such that the central axis of rotation is
approximately horizontally oriented.
Fig. 1 shows the configuration of control unit 15. As

25 shown therein, control unit 15 includes controller 16 with a

microcomputer for controlling a series of operations



+ 20 stator by an interval of an electrical angle of 120 degrees to face the
per mmnent magnet provided in the rotor. Wile the rotor makes one

revol ution, each of three position detectors 2la to 21c outputs a pul se by
the interval of the electrical angle of 120 degrees. Controller 25 16

nmoni tors changes in the state of signals fromat |east one of three
position detectors 2la to 21c. Wien a change g _ is detected, controller
16 changes the on-off states of the switching devices 23a to 23f based on
the signals fromposition detectors 2la to 2lc, thereby setting the U V
and Wt er nitRELYd489a wshinge véneige, andrwatertsgsrastiags gierardars

state, respectively. A magnetic field is formed by supplying thus
control | edEEI 389?‘{%‘:60\%& %'t%&f i35 CONEEOIrtd Reh F i QRE WA TR GRE %Y o of

t he stator her rotatin e rotor. Further ach, of it chi Vi ces
23a,SZSC aﬁakﬁ e%ﬁé¥ﬁ)¥ﬁlYecﬁ a4 '8 86|§E%B%%t¥?ékﬁf?gat§gh Fﬁﬁ%ﬁr 'd t he
nb f t at i f t i S, I b far aml. e t edl
control 11 nh8, T e A1 it 2E O Teb o B ePan L M B Spal CHRREC

signalss froppat keashnenendf U 68 Pesidi0Ry 8 RN st 2k dRe, Ivhile
changed, controller 1615 detects the period thereof, cal culates the nunber
of rotations (ihdoatisonal uspeedf afhd henpet ofi nibi-hikBibhe theloueth @b Idien
perfornms the PWM control of switching devices 23a, 23c and 23e such that

t he rotor vakeslés nBoycnorehtdps ascthensepermation dm rwbera sMarthils,
time, swtching devices 20 23b, 23d and 23f are not subjected to the PW/
control . CiRpPBhAt s@étddoruP4 | hitl udestretlsrol 62Fondtmest dde eraratimt

term nal of one side of inverter 23 and current detecting circuit 26
coupl ed t o fe¥PSedr PRI YREYE dét edfovwakeriet R Ly avial viput 2¢ yieertoast
i nverter 2 25 an_ el ectri.c current q%%nntor 5; converts the detected

cur r érft ingsigisgiﬁgﬁé <1 GnBrSegndn AgRYE ¢ t@oFFaﬁéméFﬁﬁglfHQm wag-er
cont o Ler iy BRERNEN L (ROl e AP ey LR, A0 o auen
gigital daga; aRds60RELERhS EREERLOLA2rSHAG Bﬁ%taihﬁsﬁﬂkbe%be&%tqghntained

At this time, controller 16 controls the rotation of

motor 5 by controlling inverter 23 via inverter driving

15 circuit 22 based on data transmitted from position detecting

unit 21, which detects the position of motor 5’s rotor.

Though not shown, motor 5 is a brushless DC motor including

a stator with three-phase windings and a rotor with a

bipolar permanent magnet disposed on a ring. The stator is

20 made up of three-phase windings including first winding 5a,

second winding 5b and third winding 5c¢ wound around an iron

core provided with slots.

Inverter 23 includes switching devices each being made

up of a parallel .circuit of a power transistor (e.g.,

25 insulated gate bipolar transistor(“IGBT”)) and a reverse

conducting diode. Specifically, inverter 23 includes a



. 5 less than or equal to a predetermined value. In case notor 5is a
brushless DC notor, its torque is substantially proportional to the input
current. Thus, the torque of notor 5 can be detected by way of detecting
the value of the input current of inverter 23 by current 10 detecting
circuit 26 connected to resistor 25. Laundry anount detector 27 detects the
anmount of laundry in rotary drum 1. Specifically, |aundry anount detector
27 cal cul ates. the anount of laundry in rotary drum based on a signal
transmtted fromcurrent detector 24 when 15 rotary drum1l is driven to
rotate at &e¥pedi rileaudttataforfdirstpee (seeccgld szfacrcrfpmg @teTi23a power
source 28 is connected to inverter 23 via converter nade up of
di ode bri dgé 29a(ﬁﬁﬁ%@%oFPr§91§n@ﬂﬂﬁﬁﬁ4ﬁr@P@aﬁ@EFPoﬁW&thﬁngnéﬁﬁﬂ%?SIt

to be 2Q_noted.th t he_conf ratiqn descri,bed aboye th respect
k?g. 1is gﬁ 3he egéﬂble ghd%g%¥ﬂ€} nFlgﬁPéFloﬁg ¥ Flishies sp%k¥ﬂ%tor

5 and invegwﬁ?&ng fedd mhigd therato. Ae.shopn, eglaﬁ PPlace

settlng unit vvashln II’T'E setln SWItC

washing ti g%e2éoa%re'c@.@d NS ST 1%9?%'1%911%‘M tch 17b for Sett' ng “the
nunber of rinsing operations, water-extracting tine setting -10 swi tch

17c for setting me¥@} eboekt ldfdd NGf t EEBPRJH Othe COHESE1S QLA tM d&hd 7d,
start/pause switch 17e, power-on switch 17f, power-off switch 17g, and so

forth. Dispbayinmitt t8rimdabldesandshirag douledi spbay undt pbBer réuspng. 5
nunber display unit 18b, water-extracting tine display unit 18c, course set
di spl ay unfFurt8er,deresgentizgdynt coupledt dro | anp jlBet ioesi dfial topertatad ng
time indicator |anp 18f, nunber display unit 18g, and so forth. Here,
controlIerSYGtﬁéﬂﬂérmﬁ%Y#Qﬂ%fylaruﬁﬁ@%eamQﬁ}ﬂh opérauibn wiFel e QRTRIE |

col | ect ed |n wat e rotating rotary drum1 at a first
r ot atdbnal §55‘é5‘a@§ é"hlc%(?rr%n:)n t’r‘ﬁF‘ba??’P%%‘F*é‘Fd ERe3f U Sermtdtli-ofalV

d h I d k h
opecd | e gtgslebabhang 23t Uil spacd b mkes. Lawndiye o, Sliglo o ne

i nner surface oOf rfotary drun11

speed o g.4ALEEsGKLACt g Qper@tar?& wSHQPmERA%Va%U%%%ﬂ'l% Qperation

is performed during t wat er - éxtracti ng opera
pogitive voltage, a =zero voltage and a floating state,

respectively, by a combination of on-off operations of the
15 two switching devices in each serial circuit.

The on-off operations of the switching devices are
controlled by controller 16 based on data from three
position detectors 2la to 21c, which are made up of hall
IC's. 'Position detectors 2la to 21c are disposed at the

20 stator by an interval of an electrical angle of 120 degrees
to face the permanent magnet provided in the rotor.

While the rotor makes one revolution, each of three
position detectors 2la to 2l1c outputs a pulse by the
interval of the electrical angle of 120 degrees. Controller

25 16 monitors changes in the state of signals from at least

one of three position detectors 2la to 21lc. When a change



. Further, during the rotary drum cl eani ng operation, controller 16 naintains
drain valve 11 cl osed and operates 20 water supply valve 12 to teed water
into water tub 3. At this tinme, the operating tinme of water supply valve 12
is determ ned based on the anmount of |aundry detected by | aundry anount _
detector 27, as shown in Table 1. -11  Table 1 LaundryAnmount Water Supply
Peri od0 to2 kgl5 seconds2 to4 kglO seconds4 to6 kg5 seconds6 to8 kg0 second
Further, controller 16 perforns a | aundry bal anci ng operation and a | aundry
bal ance nonitoring operation in 5 order before the rotary drum cl eani ng
operation i8 datecégdoutcornyal lgrectd i clarngesi phehentabffdeyabglsawdi ide
operation, froma stopped condition controller 16 rotates rotary drumat a
second rot 8¥ibRBENGpeteVEESH. ,.2DD Lon) 23FovkasetharPt hEDE raignatat ifdiea
speed (400 r ﬂ}" t hereby making laundry to 10 stick to the_ inner _surface
of rotary B?g 3on| FEERESCIT P Bt ante nbhETePY n§ebpendt £/, Ucont P8ld er
16 screens,t e t?na,l ance state of l.aundry bg rotating rot ary q{ﬁum 1

appr oxi mat 81 y HPHE S e88nd r BOLTGYE PR f § t ZPEC ARG d® TR the

| aundry ba . pmni i.ng iy at 15 _| Ly A t.

pr operélly, tkﬁggﬁjégﬁd%grgael’aﬁ%% ge%i)tﬁg’%al i'onAl gagéﬁ%ggtceé‘}%f.g l\/\%ﬁ?ﬁ%@ by
machi ne' s Qﬁﬁﬁﬂyiﬁﬁ hamidgcbhe raborgdescdd e cgrikguras | enrutl | Jw e

described with reference to Figs. 5to 7. After loading laundry into rotary
drum 1, 20apawehied swiirddimgkr/fsd std us@edf oahanatamoef)e taldrehyC Tt dirky
sel ected by using course setting switch 17d depending on the -12
the rotor.
Further, each of switching devices 23a, 23c and 23e is
10 subjected to pulse width modification (PWM), and the number
of rotations of the rotor is controlled by, for example,
repeatedly controlling a duty ratio at a frequency of 10 kHz.
Every time the state of signals from at least one of three
position detectors 2la to 21c is changed, controller 16
15 detects the period thereocf, calculates the number of
rotations'(rotational speed) of the rotor within the period;
and then performs the PWM control of switching devices 23a,
23c and 23e such that the rotor makes as many rotations as
the set’ rotation number. At this time, switching devices
20 23b, 23d and 23f are not subjected to the PWM control.
Current detector 24 includes resistor 25 connected to
an input terminal of one side of inverter 23 and current
detecting circuit 26 coupled to resistor 25. Current
detector 24 detects an input current of inverter 23, i.e.,

25 an electric current of motor 5; converts the detected

current into a voltage signal; and inputs the voltage signal



- type of laundry. Then, once start/pause switch 17e is pressed, the
operation of the washing machine is started as follows. First, controller
16 rotates rotary drum 1 and detects the anount of laundry in rotary drum1
by nmeans of 5 laundry anount detector 27. Thereafter, controller 16

di spl ays a required anount of detergent on nunber display unit 18g based on
the detected anpunt of |aundry while detergent anount indicator |anp 18e is
on. When the required anount of detergent is added into a detergent 10

di spenser (not shown) installed in water supply conduit 13 in accordance
with the dtSpFapégoddhsintlidf débBpgaReNtayy esicrdioldmsr at 6 ngerifprmsf arhe

washi ng /'ne i s di splayed on nunber dk;glgy unit 18g whil e residual
operating t1 e IHY S 1 SFp 8 iIRIEE GBsegGentignad; wliaGRpses

ti 1S Lnifjated I I 121 d d h wat
T ove | nt o NP o0 Dpifih Washal Bgheanaarl deouhilc R0l Ay
det t agdde h [ ; ; h
I e L A e R S oy

perf osm naLéde YRshi 0F RARAIEANs BYelBeerALAENOYARL T Ot ary drum 1, 1 aundry
inrotary druml is |ifted up in the drums rotational direction by being

caught by agit atlimonreayeadres:$r d spesgdoenshihesksnper m@;&‘.birr,‘driit%a|to$:@j['ufea(1% of
rotary drum 1 and dropped 25 when reaching a specific height. As the

| aundry i ssulepeanedhylugptrapedtipntfie tdr urhe | inpst sehpeehtt. o pouedi rge 13
notions and is therefore washed. After a predeterm ned washing tine is
passed, wat@FdeR aPi veRtar 13 csnopeEnede et edi byd weashdhgdeaeeting diha ned
via water drain conduit 10, Then, wash water absorbed in the laundry is

extract ed W% spfinni W r ot BRYL driiRmentt £hi gmvariaE A3 eldar GUIRENST

ot o el TSR PERER AL RBer e eRt S S SariP s Otindar goes the. ag. ¢ ati o
The rorarton of TAErgRY Ghriddleo] B SU0. A L O RIS e W tna oL
s o ooty Lok b ex g1, g a5 "o

vat er - ext Inlddb0pey abk0BulBtes hdl Labudt SePdofardaia kBELLY! Lizah on
(N=1) is perfornmed in step 101 and water drain valve 11 is opened in step

102. Then,basddaumdry babaadi ngaopefiatbedn firomesioreme yr&etati ng akary
druml forwardly at a rotational speed (rotation nunber) of 90 rpm by neans
of mbdbor BFotgty edp@ncdntisoldyinen heobabaate eft thespaubfiy rotaetangldrum
1 in step 103. Here, detailed description will be provided with reference
to Fig. 6.5H8A% h&-9in 39Q¢.T®BN) curves "a" and "c" represent the rotational

speed of rotary drunll,aqd t he
Commercial power source 28 is connected to inverter 23

via a DC power converter made up of diode bridge 29, choke

coil 30 and smoothing capacitor 31 for example. It is to be

20 noted that the configuration described above with respect to
Fig. 1 is only one example. Thus, the configurations of
brushless DC motor 5 and inverter 23 are not limited thereto.

As shown in Fig. 4, input setting unit 17 includes

washing time setting switch 17a for setting a washing time

25 period, rinsing number setting switch 17b for setting the

number of rinsing operations, water-extracting time setting
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. 25 current of notor 5, respectively, when the |oad exerted on nmotor 5 is
smal |, while curves "b" and "d" represent the -14 drumrotational speed
and the current of notor 5, respectively, when the | oad exerted on notor 5
is great. As shown in Fig. 6, notor 5 is driven to rotate rotary drum 1 at
a rotational speed of 40 rpmat tine t1l and then 5 keeps rotating rotary
druml at the rotational speed of 40 rpmduring the tinme period fromtl
through t2, to thereby stabilize the rotational speed of rotary drum 1.
During the subsequent tine period fromt2 through t3, notor 5 rotates
rotary dr FWitGt d&ecdfr r stedttiidithl aspeed ereextmactdaa h&ime0 bauhddy
woul d stick to the inper surface of rotary druml. Nanely, by gradually

S

i ncr easi nFXIHET ot &t FoRA| SYPEER df7 FrotSHAF URAHSE 1 $'6Hy @1 shib8t aRPWEKT 1

t d state of d 1 tao.th d tati | (9 ,
centrit g Fstte e oL bt BF SN h TG ady BRediaiig oniehaay’"

| d hat t,he; . Sti gk e | f f_o d

1 For exanbite! 1elri pRURMEY MRS | oD, BE8pn P LTt (BRR O FiRRERs, MU

drum g is famdatedsgtag¢Ounpl arg t fwertéx&e%&%‘al&fiaﬁ%edtﬁﬂ@f ¥1i§869pduRye3 rpm
until it reaches 90 rpm 20 Subsequently, during aaundry bal ante

noni t or i ng saperadurde i et @PsP 04y (abit ngsdhedbtaegpati afolinemihadithegugh
t4), the balance state of laundry in rotary drun1% is-estimated by rotating
rotary drumanb dfw oxresmtdhyl abpéhet segontine ol ali oaabrspesg (abfiouhufBetpm) .
Nanely, while 25 applying a fixed voltage |evel to notor 5 such that the
rot at i onaldisiEday oinktot B8y, dangn go ckerte. maintained at 90 -15 rpm a
change in the rotational speed is detected. In case there is a considerable
change in the rBe&Ei orPREHREMET | {6 SPeRERFP? ettedrasahdvidym™ pdernsnicki ng
and glancg%%_ ondi ti.on, of Iaund[% in #he rotary drum 5 In the bal ance
stat®’ of PRy h Wiel© 162tFE #BuRGLLECE8% Aravahffal e e3 sPyt WaYt RE

process IRl LG L b BTSSRl At e
Then, by add ngphk)to Ngin ﬁéf%&é@far}h%k@{09§§§tiSréfﬁﬁﬁéﬁ%h speed 1is
greater than a rotational speed that makes laundry to stick
to the inner surface of rotary drum 1 but is smaller than a
15 normal rotational speed for a water-extracting operation.
Such rotary drum cleaning operation is performed during the

water-extracting operation.

Further, during the rotary drum cleaning operation,
controller 16 maintains drain valve 11 closed and operates
20 water supply valve 12 to feed water into water tub 3. At
this time, the operating time of water supply valve 12 is
determined based on the amount of laundry detected by

laundry amount detector 27, as shown in Table 1.
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. 10 to step 103 and the laundry bal anci ng operations from steps 103 through
107 are repeated. Here, if the nunber of repetitions of the |laundry

bal anci ng operation reaches a predetermined value, i.e., if Nequals 10 in
step 105, the process noves on to step 108 and reports an abnormality. 15
If it is determned in step 104 that the bal ance state of laundry is good,
the rotational speed of rotary drum11l is increased fromthe second
rotational speed (90 rpm) up to 150 rpmduring the tine period fromt4
through t5 shown in Fig. 6 in step 109. Then, the rotational speed of 150
rpm 20 is maint &&fd® during the tinme period fromt5 through t6 (e. g., 1

m nute). Accordingly,, The raundry can be water extracted to sone extent, so
that the | oad ex&PHEdEnAROLGE §%€§WWﬁPHE%Mk§ﬁF%Rﬁing t he subsequent
control of rotating.rotary drum I. 25 _Thereaiter, siep 110 is carried out
and the rotatiopal p’i&\%g5 df9rotlary dramPECPE%ncr eased from 150 rpmto the
-16 first rotating! sp ed (400 rp durlng the time period fromté6
through t7 in Flg. %, Yo théreby start §SF8F%Fy drum cl eani ng operati on
Since water drain val is cllosed in ep,111, the water extracted from
the laundry articl e@ eégnéék%e clol | ectéedgéu?l%sq the rotary drum cl eani ng
operation, it i3 possible g9 collect ywater hp water|tub 3 without using a
special neans therefor. Theteafiter, tiner | s initialized in step 112, and
an initial valve for set rotational speed Rof rotary drum11 is 10 set as
the first rotational speed (400 rpm) in step 113 (at tinme t7 in Fig. 6) .
Then, the procesFuirmuirasedsoherslieprllic Wiirf sty URD r Dd@hdop GREnelingnd a
notor current control are executed. The drumrotation control and the notor
current 15opemtiobnwidind be déscandred baldetai Imantthorieher esmerdtoian in
subroutine shown in Fig. 7 Referring to Fig. 7, the control of drum

r ot at Ponal oxfriedbeogearthal rotarepdi2o adcdanimy operatiomt ial iceedriied st ep
121. Then, a feedback control for regulating the 20 rotational speed of
rotary dr R t 1P etRRF1IEC2hEY selllr bhat Lanafrypbad arciingi Opgiragdone of
400 rpm i C&?rfor med in sterE) 122. After 5 ieconds in step 123, the process
proceeds t ep PIAPEES RN hit'or CRRFFRALeE dét ckRREDY EQFRENWt ddéfect or

24 is i j it is 25 d ' whet h h
s o ons TnancBrlaRsrelsrs PheEt R VAT ETL, o P8 ERoRas Has

not yet -Ilfirst rotational speed (400 rpm), thereby making laundry to

10 stick to the inner surface of rotary drum 1. In the laundry
balance monitoring operation, controller 16 screens the
balance state of laundry by rotating rotary drum 1
approximately at the second rotational speed. If it 1is
determined in the laundry balance monitoring operation that

15 laundry is not balanced properly, the laundry balancing
operation is repeated.

The washing machine’s operation having the above-

described configuration will now be described with reference

to Figs. 5 to 7. After loading laundry into rotary drum 1,

20 power-on switch 17f is turned on and an operation course is

selected by using course setting switch 17d depending on the
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. passed in step 123, the process returns to step 122. If the | oad exerted on
motor 5 is small and the notor current | is snaller than the predeterm ned
value Ic as represented by the curve "c" shown in Fig. 6, step 115 is 5
performed, whereas, if the |oad exerted on notor 5 is great and the notor
current | is equal to or greater than the predeterm ned value Ic as
represented by the curve "d" shown in Fig. 6, step 126 is carried out to
reduce the set rotational speed R by 5 rpmand then step 115 i s executed.
10 Accordingly, the rotational speed of rotary drum1l is regulated to be
equal to thEPRi ref rauwrdsnal s“ﬁg@a,(me prt adti/infgieche swilkehpet 7od ¥ om
t7 through t10 en the | oad exerted on notor ,5 is snmall, as shown by the

curve "a" PREEPGY: 6 EDRAPIIRF 1YaL bxERE 28R ingt Bpching dgredttanteddiever,
t d i fi t_dri t t at t th i t tati | d (400

o dur | nECEREYET met e T bd U Shr ddght PEAGRA. Y 5 Botbnbs e

set rOtat'gQEEcEBe%%éQéﬁbﬁﬁ@ugfdlgﬁnar pTﬁﬂréégﬁg'@g@£§13%9“dé¥ﬁsEﬁ%afy

druml is driven to rotate at a rotational spee pm “Then, 20 after

anothey 5 3gGAALS hamoBhapsedcebhBrsebyr ot athpnal s speed RudsFopuced pgain
by 5 rpmat tine't9, so that rotary drum1 is driven to rotate at a

rotational dsppedyefl s399egpinreat idmdurte &40 deByreid obhi RemBREOId Ssiisy
descri bed, when the | oad 25 exerted on notor 5 is light, the rotational
speed of rohaty WBgmaded camt r bheeddéipedecd essnddian @f elfi@ahdip tWeil€l8
predeterm ned value Ic during the tine period fromt7 through t10, as

repr esent edebgrgRatcuppeung” dndimacrrFi gamp. LAecase t he.| oadilexer tdwk on
notor 5 is heay on the other hand, the rotational speed of rotary drum1

isr educedr%‘fluﬁ’tsﬁrrea‘f‘@u% bef nedsiet Y atlsor ag8eéw LRECpradelatieiarit
val USL | c, §§ shown_by rve " inF 6. Then, the praocess
e

pr océd gPep°tis. (I{C’pfes C%bwﬁ)lﬁnﬁggﬁggudﬂ W%??/es}lgpftﬁr EFGH Eari

ds t

thﬁ&r;siggg iJQéb%@ﬁﬁ%et%Higi é%ea éféﬁ £Ye V%ﬂm&ﬂnga% tggtggggﬂé,°21
residual operating time of the washing machine is displayed
on number display unit 18g while residual operating time
indicator lamp 18f is on.

15 Subsequently, a washing operation is initiated. Water
supply valve 12 is opened, and fresh water flows into water
tub 3 through water supply conduit 13 while dissolving
detergent added from the detergent dispenser. When the
water reaches a predetermined level, motor 5 is driven to

20 rotate rotary drum 1, thereby performing the washing
operation. By the rotation of rotary drum 1, laundry in
rotary drum 1 is 1lifted up in the drum’s rotational
direction by being caught by agitation blades 6 disposed on
the inner cylindrical surface of rotary drum 1 and dropped

25 when reaching a specific height. As the laundry is

repeatedly agitated in the drum, it is subject to pounding
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.10 small so that the anount of water extracted therefromis small, water
can certainly be collected in water tub 3. Further, since water is supplied
based on the anount of |aundry detected by |aundry anmount detector 27 in
accordance with, for exanple, the operating time shown in Table 1, a 15
substantially same anmount of water can always be collected in water tub 3
regardl ess of the anmpbunt of laundry. Referring back to Fig. 5, after tiner

| indicates that 30 seconds has el apsed in step 116 and it reaches tinme t10
shown in Fig. 6, step 117 is perfornmed to open water drain 20 valve 11 and
a wat er - exPPREPRAg JP@r ats or ey efericor waahpd - st epfteg, durdreistisoningd

| aundry in ro%aré druml is water extracted by rotating rotary drum1 while
accel er at | KSthBIr L3S orfal PRPERT: t Weresr drRdferva Hee bhtk 160 dheayedi nd | f
30 seconds_has_not t._passed, sitep,114 is executed again. 25 re, while
water is SFPF?GH wFé%ﬁ@@iW? eﬁst?ﬁ@%?e%yvb@rVSEﬁanqﬁ%?IQﬁdﬁank%ﬂn

col
I i ti - j t fi t.: I
cpeod (Tor PRERL RSH kaPer NI [ ORAohd YaLARY o1 paba aekEHn thkas

laundry togsthekngorbbarinaenmsyr bace @f ghotplgdrum 1 but |ower than the
normal rotational speed for the water s éxtracting operation, water

di scharged t hr ougit ebrwrper vatati eppd yofvaDiar Y 2driEm dpshégh tootalgs At
the first rotational speed, gets reflected by sidewall 14a of water outl et
14 to therébgshbowtaet,t hadout erimzyilnigndipgecalt iwal i ofstattesdy. dumihg aheshown
in Fig. 3. As aresult, inpurities I 0 or contam nants such as detergent

resi dues stikRing toprehetégter ¢yei ndrucdlrysunindeegsfes ottdrey drgimaltican be
flushed out by the water bouncing off, so that the outer cylindrical
surface of "PbtaR§ GAFH™M chnSbe RO clifirdndPt Ry groWEAt bPngElagesr ol ds

inrqtary drum.l can be prevented, Therefore, 15 nore hygienic |aundry
vvashﬁr?g ca‘?lnge décﬂﬁpee\fgdbgﬁﬁj'f%e??tﬁwgﬁpﬁéi ﬁ@t%ﬁ’erﬁflﬁ{olmta& ffp Hie
during th l.eani n er.ation. by. way of operati.ng ter. supply
val vel 1o, YREREEY  PUESTIRN it A ru Y SRR ERL S e

outlet 14 §|Qagekh%ﬂt@gﬁhfﬂgfégéiégi Otgg.%gf%gﬂxg @ggﬁkinﬁ9ﬂgf§Qm%£Erby

sidewal | 14a of water outlet 14, as shown in urren
turbul ent awb@ericyer gnhsghr 8pgenerated due to an air pressure fromthe
rotation of the rotary drun1€. By water bounced off and turbul ent water

currents, the oRefferaflindrd cRlgsusface eher ahaky -ktaktGary Zpatildsshed
out by clean water. As a result, the outer cylindrical surface of rotary
druml® canide eprtedrein20step 100, data initialization (N=1) is
performed in step 101 and water drain valve 11 is opened in
step 102. Then, a laundry balancing operation is performed
by rotating rotary drum 1 forwardly at a rotational speed
(rotation number) of 90 rpm by means of motor 5, while
20 controlling the balance of the laundry in rotary drum 1 in
step 103.
Here, detailed description will be provided with
reference to Fig. 6. Further, in Fig. 6, curves “a” and “c”
represent the rotational speed of rotary drum 1 and the

25 current of motor 5, respectively, when the load exerted on

motor 5 is small, while curves “b” and “d” represent the
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. hygienic. As described above, controller 16 perfornms the rotary drum

cl eani ng operation such that water is collected in water tub 3 by way of
rotating rotary drum1 at the first 5 rotational speed (for exanple, 400
rpm greater than the rotational speed which nmakes |aundry to stick to the
inner surface of rotary drum1 but snaller than the nornmal rotational speed
for the water-extracting operation. Therefore, inpurities or contam nants
such as detergent 10 residues sticking to the outer cylindrical surface of
rotary drum 1l can be flushed out by vigorous water currents generated by
hi gh- speed dmtmat | vatatieneary sagd 1. afder eher e, cutreerdut epfeylniatdid cab,
surface of rotary drum 1l can be kept clean and the inpuritjies or

cont ani nantte SRSt e ey gt ger kead Rrertath e W ok f9eRA%t i cki ng

again to rotary drum 1. Further, controller 16 controls the washin
rinsing, and wat®f- 8RPMEctnd Gpelfat MHELTamd rerdort the Fotars H$Eﬂ¥y

o eanino_OBgL Lonaue 18 LS AT i At 1D oRgr a0, 20 S ee ctary
400 b i i t t i Li t
400 118) DYl 0 abe vt ok oLl n Je ek yhedealign WESUY

great deal r%ﬁnf&%nd@eﬁﬁéatteﬂnéj el Polieghdpale def Rrgegh keft 2o {Re L Er
tub 3, in which condition the rotational speed of rotary drum 1 cannot

increase, ist&biliikdil ersusis@dNtspeddd oSt bCargadri® $0! Ve ifyrther ,
since current detector 24 for detecting a current of notor 5 is prepared
and cont rolsuégrsetfiecontt ohs petdod5 finonr espotiseotoh atsi, gmalt drr dBn cot 4 ead
detector 24 5 such that the current of nmotor 5 is snmaller than or equal to
a predet er Fotedrwawan hbabr sabegvadhgatiandooklnspeed (Hsupmngsd rohata

hi gh | oad can be prevented by controlling the current of notor 5 even in
case the amSURARF WAMHEr §LL6X| &Pgdheorinien FUER26E PauARLRIYAVITIY fBbri cs

that can t%%%ely, by gradually increasing the rotational speed of
rotary drum 1 from a substantially stopped state of rotary
drum 1 up to the second rotational speed (90 rpm),
centrifugal force becomes greater than the gravity exerted

15 on the laundry so that the laundfy would stick to the inner
surface of rotary drum 1. For example, for the first 5
seconds, the rotational speed of rotary drum 1 is regulated
at 40 rpm and then is accelerated every second by 3 rpm
until it reaches 90 rpm.

20 Subsequently, during a laundry balance monitoring
operation in step 104 (during the time period from ¢t3
through t4), the balance state of laundry in rotary drum 1
is estimated by rotating rotary drum 1 approximately at the
second rotational speed (about 90 zrpm). Namely, while

25 applying a fixed voltage level to motor 5 such that the

rotational speed of rotary drum 1 can be maintained at 90
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. 10 a consi derabl e anount of water, otherw se, when a | arge anount of water
isin water tub 3. Therefore, safety can be inproved. Further, since
controller 16 closes water drain valve 11 during the rotary drum cl eani ng
operation, the water 15 extracted fromlaundry during the rotary drum

cl eani ng operation can be collected, so that it becones possible to collect
water in water tub 3 without needing a special neans therefor, thereby
contributing to a cost saving and an inprovenent in the washing machine's
hygi ene. 20 Further, since controller 16 opens water supply valve 12 to
feed fresh am@mterai ohengat en tile 3rchat imhd hespeotdr ysddemeekedni ngn case
operation, water can be certainly collected in water tub 3 even in case the
amount of viEHteFe ex8r acteensierattle gthangehan diley wotsawd dnabuapeed, | aundry
is |oaded 25 while the outer cylindrical surface of rotary drum 1l can be
washed by fYesHARERTEEHY Bfus haviagsupf sReCkarftichdayy 2l bagpacing

hygi enic. Further, since the.operating tine of water supply valve 12 is set
based on tkﬁ?%é%ﬁﬁﬁncﬁglﬁﬁﬁﬁ?ﬁ dé?e%?%dr%§a¥%uﬁﬁV9'anDunt detector 27, a

o abiial oY SaR, A thaPhnde MLEt CAE A IMEPe1 £0dRE b 1y ¥ALELARD 2

regardl ess of the anount o aundry, thereby contributi cos

the | nprovei@nge ofi nf ey WEABRL NYnBBC LRGeS h%%i?ﬁ§0fggét les quté@%%ﬁ??%?ing

perfornms the | aundry bal anci ng operation a aundry bal ance

operation iwhelfk: of €€k shefedleiniiied OhrRethdl U ehBanisng oper@t iipn; ! inkhhe
| aundry bal anci ng operation, froma substantially, stopped condition,

control | er 15, ridiatmsodesaryrdeastd ad sbepsecondndobabpanabrspoedr(if. 19.
90 rpn) lower than the first rotational speed (400 rpn), thereby making

| aundry to Btérek 4B addihg ilnmer Nsunf atepfl bt arlye dpuordss| hst hethanadry
bal ance nonitoring operation, controller 16 checks the bal ance state of the
| aundt+§ by GOtHEFRgLY 3t aR¢ dhemlrundmphabanming yoperasbenndironastenal

speed. Thergefor b radual |y making the_laundry to stick to the inner
surface 20 WF¥ r g‘?gf%‘ggﬁ um‘? d%?"?ngr?ﬂ%%at?%%ndr yEBEfanct hg Bper &esr t A
| aundry bal ance .st.ate can be changed, an he rotary drum cl eanin

operation c% egtelstcloon Srofblr%ed&?% 4§Y0r%§ By P8t a%?%ﬁa?b?%rf 8 at

Fur ther st ReeSe AbAaeal 2 CTeY afT 61 of I Of St aHOm 0 SR B ek 03 1 £he
due to unbg)rnead RUAN Yo £ &b b@c@ﬂimélaér?cg’rei?éleéé' & éﬂ‘?ormality.

15 If it is determined in step 104 that the balance state
of laundry is good, the rotational speed of rotary drum 1 is
increased from the second rotational speed (90 rpm) up to
150 rpm during the time period from t4 through t5 shown in
Fig. 6 in step 109. Then, the rotational speed of 150 rpm

20 is maintained during the time period from t5 through té6
(e.g., 1 minute). Accordingly, the laundry can be water
extracted to some extent, so that the load exerted on motor
5 can be reduced during the subsequent control of rotating
rotary drum 1.

25 Thereafter, step 110 is carried out and the rotational

speed of rotary drum 1 is increased from 150 rpm to the
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. -23  washing machi ne can be enhanced. Still further, controller 16.repeats
the | aundry bal anci ng operati on when it detect the condition of unbal anced
| aundry in the laundry balance nonitoring 5 operation. Specifically, when

| aundry is found to be unbal anced, the laundry is nmade fall off fromrotary
drum 1l by stopping rotary drum 1, and the bal ance state of the | aundry can
be changed by perform ng the |aundry bal anci ng operation again to thereby
gradually allow the laundry to 10 stick to the inner surface of rotary drum
1. Further, since the rotary drum cl eaning operation can be perfornmed by
way of rotairaf retatyocspdmspesgd t(HOOf ipst) Cotrdricordie dpieeal rey iodifisrent he

| aundry bal ance state is good, abnornmal vibration of rotary drum 1 and/or
water tub 86dUd B Hhetunbdt aféd - of6 15tPhE NSHARY v SEREECI s TOAATHe drum

elimnated,.resulting in inproved safety. Further, although the rotary drum
cl eani ng ofeFabtBH Pge&?&&l? d gﬁPFﬁgWP ErWELEr NeErd& ity Wpé‘rejé{sie@i in

preceded b e shi LNnsing operations. in accordance w th the 20
preferred éﬁ%@dﬁn@ht to t cejCé[’)It e%é% a?lﬁ%en%}:%rﬁ, t%‘ﬁeﬁrao grr)y (?rrutrﬁc&egan(faﬁb

Oper alg On 6an e 1GEAC! &G (Y | Bed 120263 |6l NELLARIRG! Spualercaxt 1ACti ng

action between the washing and the rinsing operations of ddring an
intermedi aie pobeibier aet idid ladt Gfatidy the whvstnguBper atiitdidut! MG a

cases, 25 the sane functions and effects as in the preferred enbodi nent can
be obt ai nedpec?24l mEanthehertliowgh t he preferred enbodi nent has been
described with reference to a washi ng nmachi ne wi thout having a | aundry
dryi ng function Thdregpitesenttimeenii ba tahtahdozbd applsiieg tld2a washiang
machi ne having the | aundry drying
initial valve for set rotational speed R of rotary drum 1 is
10 set as the first rotational speed (400 rpm) in step 113 (at
time t7 in Fig. 6). Then, the process proceeds to step 114
where a drum rotation control and a motor current control
are executed.
The drum rotation control and the motor current
15 control will be described in detail with reference to a
subroutine shown in Fig. 7
Referring to Fig. 7, the control of drum rotational
speed is started in step 120 and timer II is initialized in
step 121. Then, a feedback control for regulating the
20 rotational speed of rotary drum 1 to be equal to the set
rotational speed R (initial value of 400 rpm) is performed
in step 122. After 5 seconds in step 123, the process
proceeds to step 124 so that a motor current I detected by
current detector 24 is input, and in step 125, it is

25 determined whether the motor current I is greater than or

equal to a predetermined value Ic. If 5 seconds has not yvet
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.5 function by way of blowing warmair into water -tub 3. In such a case, the
sane functions and effects as in the preferred enbodi nent can al so be

obtai ned. Since the washing machine in accordance with the present
invention is capable of flushing out inpurities or 10 contam nants such as
detergent residues sticking on the outer cylindrical surface of a rotary
drum by vigorous water currents generated by rotating the rotary drumat a
hi gh rotational speed, the outer cylindrical surface of the rotary drum can
be kept hygienic. Thus, the present 15 invention can offer advantages when
it is appl Pégsed &nglzrﬁacrﬁhfe grsrceser fratieng wesBRp ¥3%sing and

wat erextracting o ti in a rotary drum having a substantially

hori zontal or ﬁﬁ g gloé‘ldi SRATr g sonVWP'F‘értﬁellsn\?érl*?tmorﬁrlfiiast}b%e‘ﬁogﬁﬁvm

dd i bed h 20 ; tot d d t. of t
nvent i on, ci%ffr%ratt e {ﬁﬁéﬁﬁsﬁ&sﬁ oyt R o0& o P PEAC A R Sar 121 it Tear RBus

h S de, d d
Ccope of T REPECERion AL FBY, STaTECL PARhn RS A T

clai medl i SpelfoAmaRs N e ”Pf CQHQrﬂ.éhEgex@rE%ﬁa@h %Jawas“{@ ngeat

appr oxi matel y horizontal or a 5 slanted rotational axis; a water

el asti cal | ynslupgies t @dtior acWesBhig IMRCchi ReUAI NEHOGE a@ﬂea@éemm | fge t he
rotary drumtherein; a notor for rotating the rotary drum an inverter

havi ng onemedlemee*n&\metd:hxaﬂgledem ces faprddersigplhyy nghancetest rdc poges to
the nmotor; and a controller for controlling an operation of the nmotor by
way of contliol Figg ofe ostemrdad tike sakritbdngodevitses regherei hheheset
ControlIerr%égggggzlagggégy %gyg(ggiﬂggthhen step 115 is executed.

10 Accordingly, the %otational speed of rotary drum 1 is
regulated to be equal to the first rotational speed (400
rpm) during the time period from t7 through tl10 when the
load exerted on motor 5 is small, as shown by the curve “a”
in Fig. 6. When the load exerted on motor 5 is great,

15 however, rotary drum 1 is first driven to rotate at the
first rotational speed (400 rpm) during the time period from
t7 through t8 and, after 5 seconds, the set rotational speed
R is reduced by 5 rpm at the time t8 such that rotary drum 1
is driven to rotate at a rotational speed of 395 rpm. Then,

20 after another 5 seconds has elapsed, the set rotational
speed R is reduced again by 5 rpm at time t9, so that rotary
drum 1 is driven to rotate at a rotational speed of 390 rpm
until time t10.

By controlling motor 5 as described, when the 1load

25 exerted on motor 5 is light, the rotational speed of rotary

drum 1 is controlled to be less than or equal to the
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. operation by using water collected in the water tub by way 15 of
controlling a rotational speed of rotary drumto be equal to a first
rotational speed, the first rotational speed being greater than a
rotational speed which makes laundry in the rotary drumto stick to the
inner surface of the rotary drum but smaller than a normal rotational speed
which is 20 required for extracting water fromthe |aundry. 2. The washi ng
machine of claim1, wherein the controller controls washing, rinsing and
wat er -extracti ng operati ons and executes the rotary drum cl eani ng operati on
duri ng thePQQdQEeﬁmieﬁdraUaﬂng oper adtiphng - 26he 3timMde pasivdg fwohi ey of
claim1 or 2, further conprising a current detector for detecting a current
of the not B]F‘raﬂahf‘éilotréﬁsﬁiepﬂfﬁﬁ@n&e@l Sralt igasedven e sdetvattiod g r ént to
controller controls 5 the notor such that a

E:B?rg(rjltnt{(r)\ ]lilggf‘ Fs%&’?ﬁ n]g‘?%‘gt BFCThEA QNsPRCON & vhF uBSR¥Yar BPeddicofotihnE
a1 vaead” e e TR el Sty A1 FEUH ve Tor SGPHPRRng Saat er
from he washtngoMshbaenathesanlyl it CoNtiald,er el ?%i]% S Al
val ve during the rotary drum cl eani ng operation. e washi'ng nmachine o
any one ofrgl ahgsshol By the curve “d” shown in Fig.

Then, the process proceeds to step 115. In step 115,
water éupply valve is turned on and water is fed into water
tub 3. As a result, even in case the amount of laundry is

10 small so that the amount of water extracted therefrom is
small, water can certainly be collected in water tub 3.
Further, since water is supplied based on the amount of
laundry detected by laundry amount detector 27 in accordance
with, for example, the operating time shown in Table 1, a

15 substantially same amount of water can always be collected
in water tub 3 regardless of the amount of laundry.

Referring back to Fig. 5, after timer I indicates that
30 seconds has elapsed in step 116 and it reaches time t10
shown in Fig. 6, step 117 is performed to open water drain

20 valve 11 and a water-extracting operation is performed in
step 118, during which the laundry in rotary drum 1 is water
extracted by rotating rotary drum 1 while accelerating the
rotational speed thereof. Referring back to step 116, if 30
seconds has not yet passed, step 114 is executed again.

25 Here, while water is still collected in water tub 3,

by performing the rotary drum cleaning operation by
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. 15 further conprising a water supply valve for supplying water into the
wat er tub, wherein the controller operates the water supply valve to feed
the water into the water tub. 6. The washi ng nachine of claimb5, further
conprising a 20 laundry anpunt detector for detecting an anount of |aundry
in the rotary drum wherein the controller determ nes an operation tinme of
the water supply val ve based on the anount of the |aundry detected by the
| aundry detector. 25 7. The washi ng machi ne of any one of clainms 1 to 5,
wherein the controller executes the rotary drum cl eaning -27 operation
after perfophkrhgng lzarairy Babandi nat opbeatfiigrstandotat hondt y spakdncefor
noni toring operation in order the | aundry bal anci ng operation being
carried ouBXaMBASt heé 4Ot BPY) didfifdte s ubBeaNths IJS/O‘F@lthC;%T]bpﬁ@Gesit aﬁe@y )
rotating the, rot drum at .a _second raotational spee i gh eno to make
nar JaKRS: hatpdr A

the | aundr$ dr §°d|st§ﬂ1cﬂ<ot§t tENee E'i‘-}?rfé\cheslfl?ﬁ‘ é&ataﬁﬁybt | Mok ary
d but | th t f tati I nd the undr al ance
mr)ﬁlmt olrjl nggopreré)t :an %ﬁ??ﬁlgq% r;‘?%%“%ﬁ?%%aﬁgﬁflﬁ rﬁ?geeag b ?5n5§é s':]"‘éﬁtee%'f 'élhe
I d b d e secon
rgggt r%na?/e%giéggE ég roéﬁ\%\gg ﬁ%gerr;gﬁ?% o; u%qr%?%“%év\her éin é\% }Ié corﬁ‘%“bl | er
repeats thgel-agpdtyohal 3N NorepPsE{t aenmwie%mﬁ@' AHEeMed S akaundr ¥ | xrétt he

rotary drumis detected in the | aundry bal ance nonitoring operatlon -
Al A% AF. ABPa AEOMARS . AHed\F9g9éts reflected by sidewall 1l4a of water

. A% AA% A. 9. A9. A% AY% AYn. A9. A39. A. A. A% AF. A % A % A% A 9. A39. A. 9*
outlet 14 to thereby contact the outer cylindrical wall of
rotary drum 1, as shown in Fig. 3. As a result, impurities

10 or contaminants such as detergent residues sticking to the
outer cylindrical surface of rotary drum 1 can be flushed
out by the water bouncing off, so that the outer cylindrical
surface of rotary drum 1 can be kept clean and the growth of
germs or molds in rotary drum 1 can be prevented. Therefore,

15 more hygienic laundry washing can be achieved.

Further, by supplying water into water tub 3 during
the rotary drum cleaning operation by way of operating water
supply valve 12, the water supplied via water supply conduit
13 flows to water outlet 14 along the inner surface of water

20 tub 3 and is bounced off by sidewall 14a of water outlet 14,
as shown in Fig. 8. Concurrently, turbulent water currents
are generated due to an air pressure from the rotation of
the rotary drum 1. By water bounced off and turbulent water
currents, the outer cylindrical surface of rotary drum 1 can

25 be flushed out by clean water. As a result, the outer

cylindrical surface of rotary drum 1 can be kept more
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5 rotational speed (for example, 400 rpm) greater than the
rotational speed which makes laundry to stick to the inner
surface of rotary drum 1 but smaller than the normal
rotational speed for the water-extracting operation.
Therefore, impurities or contaminants such as detergent

10 regidues sticking to the outer cylindrical surface of rotary
drum 1 can be flushed out by vigorous water currents
generated Dby high-speed rotation of <rotary drum 1.
Therefore, the outer cylindrical surface of rotary drum 1
can be kept clean and the impurities or contaminants such as

15 detergent residues can be prevented from sticking again to
rotary drum 1.

Further, controller 16 controls the ‘washing, rinsing,
and water-extracting operations and performs the rotary drum
cleaning operation during the water-extracting operation.

20 Since rotary drum 1 is controlled to rotate at a gpecific
rotational speed (for example, 400 rpm) by using the water
collected in water tub 3 after sufficiently rinsing laundry
in the rotary drum, the problem that is associated with a
great deal of foams generated due to residual detergent left

25 in water tub 3, in which condition the rotational speed of

rotary drum 1 cannot increase, i.e., in bubble constraint
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I"F 940%& () - !&Euggb@gy()81mce current detector 24 for detecting a
current of motor 5 is prepared and controller 16 controls
motor 5 in response to a signal from current detector 24

5 such that the current of motor 5 is smaller than or equal to
a predetermined value, abnormal overheating of motor S
resulting from a high load can be prevented by controlling
the current of motor 5 even in case the amount of laundry is
large, or when much of laundry having fabrics that can trap

10 a considerable amount of water, otherwise, when a large
amount of water is in water tub 3. Therefore, safety can be
improved.

Further, since controller 16 closes water drain valve
11 during the rotary drum cleaning operation, the water

15 extracted from laundry during the rotary drum cleaning
operation can be collected, so that it becomes possible to
collect water in water tub 3 without needing a special means
therefor, thereby contributing to a cost saving and an
improvement in the washing machine’s hygiene.

20 Further, since controller 16 opens water supply valve
12 to feed fresh water into water tub 3 during the rotary
drum cleaning operation, water can be certainly collected in
water tub 3 even in case the amount of water extracted is
small given that only a small mount of laundry is loaded

25 while the outer cylindrical surface of rotary drum 1 can be

washed by fresh water, and thus, the surface can be kept
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more hygienic.

Further, since the operating time of water supply
valve 12 is set based on the amount of laundry detected by
laundry amount detector 27, a substantially same amount of

5 water can always be collected in water tub 3 regardless of
the amount of laundry, thereby contributing a cost saving
and the improvement of the washing machine’s hygiene.

Further, controller 16 performs the laundry balancing
operation and the laundry balance monitoring operation in

10 order before the rotary drum cleaning operation. In the
laundry balancing operation, from a substantially  stopped
condition, controller 16 rotates rotary drum 1 at the second
rotational speed (e.g., 90 rpm) lower than the first
rotational speed (400 rpm), thereby making laundry to stick

15 to the inner surface of rotary drum 1. In the laundry
balance monitoring operation, controller 16 checks the
balance state of the laundry by rotating rotary drum 1 at
approximately the second rotational speed. Therefore, by
gradually making the laundry to stick to the inner surface

20 of rotary drum 1 during the laundry balancing operation, the
laundry balance state can be changed, and the rotary drum
cleaning operation can be controlled to be performed by
rotating rotary drum 1 at the first rotational speed only
when the laundry balance state is good. Further, since

25 abnormal vibration of rotary drum 1 and/or water tub 3 due

to unbalanced laundry can be eliminated, safety of the

-23-



1T H 0% (((& ()-@!> %0% (& ()-@ 10 10
10: 10%&' ()-!! FZ9%40%& ()-S/!!"' FZ940%& ()-S/ ~./02y2}2~222wXMB7! 1 10( 10(
10(; 10% & ()-!! %0% (& ()-@!! %0 (& ()-@'0 %WO0% (& ()-@!'n

94.0% (& () - @ 2f 33v4455{ Y7VBT!

11 VOA.0%bpb&' ()-S/! Q %0%bkb& ()-S/ %0%& ()-S/! dDY 0% b~b& ()-S/ %40%

& ()-S/1 nY%0%b& ()-S/ 56C77-828384858WXMB7! 1 10b 10b 10b: 10%& ()-!! %0%
b; b& ()-S/ ! HHA0%b& ()-S/! 0940%bIb& ()-S/ ! >59%0%XbXb& () - S/ 5899S;

; <7=WU3MB7! Z9%4.0%6b6b& ()-)! QZoU0%b& ()-)!!Z%0% b; b& ()-)! dZ9%d0%b& ()-)!H
794 0% bbb&Washingzueehi beb&an) bp7eabansed=G=0=Vv=j =bCl Z%.0c

Still further, controller 16 repeats the laundry
balancing operation when it detect the condition of
unbalanced laundry in the Jlaundry balance monitoring

5 operation. Specifically, when laundry is found to be
unbalanced, the laundry is made fall off from rotary drum 1
by stopping rotary drum 1, and the balance state of the
laundry can be changed by performing the laundry balancing
operation again to thereby gradually allow the laundry to

10 stick to the inner surface of rotary drum 1. Further, since
the rotary drum cleaning operation can be performed by way
of rotating rotary drum 1 at the first rotational speed only
when the laundry balance state is good, abnormal vibration
of rotary drum 1 and/or water tub 3 due to the unbalance of

15 the laundry articles can be eliminated, resulting in
improved safety.

Further, although the rotary drum cleaning operation
is executed during the water-extracting operation preceded
by the washing and rinsing operations in accordance with the

20 preferred embodiment of the present invention, the rotary
drum cleaning operation can be conducted during a so-called
intermediate water-extracting action between the washing and
the rinsing operations or during an intermediate water-
extracting action in the rinsing operation. In both cases,

25 the same functions and effects as in the preferred

embodiment can be obtained.
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Further, though the preferred embodiment has been
described with reference to a washing machine without having
a laundry drying function, the present invention can also be
applied to a washing machine having the laundry drying
5 functién by way of blowing warm air into water tub 3. 1In
such a case, the same functions and efﬁects as 1in the
preferred embodiment can also be obtained.
Since the washing machine in accordance with the
present invention is capable of flushing out impurities or
10 contaminants such as detergent residues sticking on the
outer cylindrical surface of a rotary drum by vigorous water
currents generated by rotating the rotary drum at a high
rotational speed, the outer cylindrical surface of the
rotary drum can be kept hygienic. Thus, the present
15 invention can offer advantages when it is applied to a
washing machine for performing washing, rinsing and water-
extracting operations in a rotary drum having a
substantially horizontal or slanted rotational axis.
While the invention has been shown and described with
20 respect to the preferred embodiment of the present invention,
it will be understood by those skilled in the art that
various changes and modifications may be made without
departing from the spirit and scope of the invention as
defined in the following claims.

25
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What is claimed is:

1. A washing machine comprisging:

a rotary drum having an approximately horizontal or a
slanted rotational axis;

a water tub elastically supported in a washing machine
main body and accommodating the rotary drum therein;

a motor for rotating the rotary drum;

an inverter having one or more switching devices for
supplying an electric power to the motor; and

a controller for controlling an operation of the motor
by way of controlling one or more of the switching devices,

wherein the controller executes a rotary drum cleaning
operation by using water collected in the water tub by way
of controlling a rotational speed of rotary drum to be equal
to a first rotational speed, the first rotational speed
being greater than a rotational speed which makes laundry in
the rotary drum to stick to the inner surface of the rotary
drum but smaller than a normal rotational speed which is

required for extracting water from the laundry.

2. The washing machine of claim 1, wherein the controller
controls washing, rinsing and water-extracting operations
and executes the rotary drum cleaning operation during the

water-extracting operation.
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Y@&O%ﬁ&'()fﬁrth&%i@%ﬁ@ﬂ@sﬁn@ a water supply valve for supplying water

into the water tub, wherein the controller operates the

water supply valve to feed the water into the water tub.

6. The washing machine of claim 5, further comprising a
20 laundry amount detector for detecting an amount of laundry
in the rotary drum, wherein the controller determines an
operation time of the water supply valve based on the amount

of the laundry detected by the laundry detector.

25 7. The washing machine of any one of claims 1 to 5,

wherein the controller executes the rotary drum cleaning
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5 drum at a second rotational speed high enough to make the
laundry in the rotary drum to stick to the‘inner surface of

the rotary drum but lower than the first rotational speed

and the laundry balance monitoring operation being carried

out by monitoring a balance state of the laundry by way of

10 rotating the rotary drum approximately at the second

rotational speed.

8. The washing machine of claim 7, wherein the controller
repeats the laundry balancing operation when unbalanced
15 laundry in the rotary drum is detected in the laundry

balance monitoring operation.
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