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I I M1l ! Field of the Invention *@&0002* 5 The present invention rel ates
to a washing machine for perform ng washing, rinsing, and water-extracting
processes in a rotary drum having a substantially horizontal or sianted—
rotational axis. 10 Background of the Invention A conventi om ’ﬂ

washi ng machi ne includes a rotary drumfor acconmobdating | M mmm’mwmwm
The rotary drumis installed in a water tub such that it rotateg,ahout 15
a horizontal axis. Further, formed_at _the front portion_of _the water tub
is a laundry | oadi ng/ unl oadi ng opBAPHGNCWIFERNFS openem
door. After putting laundry in the rotary drumthrough the ’wm bt”m

| oadi ng/ unl oadi ng openi ng, the washi.ng nmachi ne perfornms wa w Hmmmug
and 20 wat ef; 8%t paCtiag Igl%gﬁié%q? by controlling water supply/ dk@hoh«
into/from by controlling the rotation of the
rotary drum Further, by formng an air circulation channel for

di scharging air fromthe water tub and running it through a

dehumdi fi cati onThi pragena heaknngounide lprtiedy t25 4 owd€h Ondg cudahing foe air
back into the water tub, the washing nmachine can also have the function of

dryi ng | aupemyformingn waehimg ar yidsing, Oaede ety e- oft vasthing pucheness of

this
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, forﬁed at the front portion of
the water tub is a laundry loading/unloading opening, which
1s opened and cldésed 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



type is disclosed in Japanese Patent Laid-Open Application No. 1998-211393
(pp. 3 and 4, Fig. 1). Wth regard to the conventional type washing nachine
5 as described, 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 stuck thereon. Wen such inpurities or contam nants dL% ug,,they
become har d8nédesd A tHM- r &Sy S BRIGeRE MR T TP 1SS Fof ¢ ht S

once contapinants are stuck.on the drum surface St tend to.grow

bi gger by g%??a@fidalﬁ8ﬁ8588nﬁ§hi ?ﬁsecgﬁgfﬁﬁ ;?%égﬁgﬁQnébegig%Fl?%
addi tion, te t shesidue se t growt h of m croorgani sm

bacteri a aﬁgfopggﬁemﬁ%kgce&. %é?gyiagﬁgléls’o Ek:Jtlegc'onj@e'rn that nolds would grow in

the vater tub ijsige ol cloi sl ghly bl chby BUREDLIDGLhe ROcsBEead

of germs. Accordingly, tthere has been a need to cone™ up with™a nmethod to
removes proapt | wekhe ibEr | itk Orimpotaiedands stdckadinéhesouseth as

cylindrical surface of the rotary drum -2 Summary of the Invention It is,
t her ef or e, daneabpatt ofediltaige esard igmeriti con toher ovudera wapshndgiocathi ne
capabl e of flushing out '
surface of the rotary drum rotably installed in the water
tub, it has been difficult to remove them. Particularly,
since detergent residues are lipophilic and highly cohesive

10 materials, they often remain on the cylindrical surface of
the rotary drum once stuck thereon. |

When such impurities or contaminants dry up, they
become hardened so that their removal becomes more -difficult.
Further, once contaminants are stuck on the drum surface,

15 they tend to grow bigger by att.racting more contaminants,
causing an obnoxious cycle. 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.



5 inpurities or contam nants such as detergent residues stuck on the outer
cylindrical surface of a rotary drumby strong water currents created as a
result of rotating the rotary drumat a high speed, thereby naintaining
the outer «cylindrical surface of the rotary drumhygienic. 10 In
accordance wth a preferred enbodi nent of the present invention, there is
provi ded a washing machine including: a rotary drum having an
approximately horizontal or a slanted rotational axis; a water tub
elasticallg supported _in _a washi ng machi ne main body and accommodati ng 15
the rot ar ySHROR Yh&leithe AWML dhr rotating the rotary drum an inverter
havi ng one or nore switching devices for . supplying an electric power to
the notor; and a controller for controlling an operation of the notor by
way of controlling.qgne nore of the swtchin Vi ces, wherein Zg.the
control | er execu%tgs l%’r otary drum c?]é‘anolsbrfjgecgtpe?gt gglr? B S8t g TRAERE 11

col lected {B thewalgr tb (ﬁmééﬁﬁﬁgl'#Q@abferoéﬁéi?Tﬁgh§9§ed08{

rotary drumto be equal to a fir rotati onal ‘speed, irst rotational
speed sbei ngmgieatekes tdancent &hatd gl sspaed WH ol Rkes agnghysi Behbr
rotary 25 drumto stick to the inner surface of the rotary drum but

smal | er than aheownalerr afyelirehalcslpaat- i€ hof sar eguaireddi-am by3 exteagti ng
water fromthe |aundry. Brief Description of the Drawings 5 The above and
ot her obj evfseandcyrenrescobathd 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 is provided a washing machine
including: a rotary drum having an approximately horizontal
Oor a slanted rotational axis; a water tub elastically
supported in a washing machine main body and accommodating

15 the rotary drum therein; a motof 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
& 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

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

Smaller than a normal rotational speed which is required for



present invention will becone apparent fromthe followng description of a
preferred enbodi nent given in conjunction wth the acconpanyi ng draw ngs,
in which: Fig. 1 is a circuit diagramof a washing nachine in 10
accordance with a preferred enbodi nent of the present invention, wherein
sonme conponents are represented by blocks; Fig. 2 is a vertical cross
sectional view of the washing nmachine in Fig. 1; 15 Fig. 3 is a cross
sectional view of a major conponent of the washing nmachine in Fig. 1; Fig.
4 is a magplf] L ew nsole a display unit of the washing

machi ne ingéﬁgggi¥h§i§g£§%iggg%ffgﬁcﬁgygd?kat descri bes the operation of

20 a mai n conponent of the washing machine in Fig. 1; Fig. 6 is atine _
chart that outlines the nunber of rotations of a rotary drum and changes
in el ectrigrgdfre8bcroptaonober ok bhawaghi ng machine in Fig. 1; Fig. 7 is
a flowchart toilTustrate a subroutine 25 which controls the rotationa
speed of the rotary drumand the electric current of the notor of the
washing machine in -4 Fig 1.; and Fig. 8 is a cross sectional view show ng
a mai B conponertheof abmravasiidg otaodn negbiects | isnd ateeaterds owhbf thater
supplied into a water tub.

present invention will become apparent from the following

description of a preferred embodiment given in conjunction
with the accompanying drawings, in which:

Fig. 1 is 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 1is a wvertical 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 1is 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 is a flow chart to illustrate a subroutine
25 which controls the rotatiomal speed of the rotary drum and

the electric current of the motor of the washing machine in



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 inventionis not limted thereto. As shown in Fig. 2,
cylindrical rotary drum1 having a base is rotatably installed in water
tub 3. Rotary drum1 1is provided with nultiple drumperforations 2 onits
15 cylindri cal surface and with rotating shaft (central axis of rotation)
4 at its cgnte; gtation while rotary drum11 is disposed such that its
central axis~o ro?ﬁ ion is declined toward the rear portion of the

washi ng machi ne.p Mt ofg 5, J ngtaled at sLhesbea side,of ualergtub Juds

connected to 20 rotating Sha £6 make rotar druml to rot

and rever seoflb686ht OB Ewet %rshlaf@w@&al&é agbt athortrhkadesnd @rcﬂﬂ of
di sposed on the inner wall of rotary drum 1. An opening fornmed at the

i nclined suitaﬁes@@pM@éarlhub a3wasekr @b .portion which faces upward is
opened and cl osed by 25 door 7. By opening door 7, laundry can be | oaded
into &r unloaded fromrotary drum1l through laundry -5 |oading/unloading
opening 8. Since door 7 is installed in the inclined surface, the

| oadi ng/ unPekdi hgdoflebaunnryovant béep@redematdnbntradimentser having to
bend down. Water tub 3 is suspended in washi ng machi ne mai n body

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 rotating 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
installed 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 opening door 7, laundry can be loaded into or

unloaded from rotary drum 1 through laundry



5 9 by springs (not shown) so that it can rock back and forth. Connected
to the lower 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

val ve (water draining neans) 11 to drain wash water fromwater tub 3.

Water 10 supply valve (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
bott onmost portion of water tub 3 such that it is perpendicular to the
rotational  direction of rotary drum1l. As shown in Fig. 3, sidewall 15 14a
of water olPRELNT4undopsimed eRrRrbinchal it Séressedoehe’ disr ebtstonl bid whker
current. Further, .in this enbodinent, although rotary drum1 havin

( g
rotati ng shaft AFtineE Eehtereof tH6t at PRR e/ URheRaINEd OLuctp ity | £&8D
central axjs of rotation.is declined 2Q toward the rear portion of the
washi ng mai@ﬁi RE T RTTR s mﬁ?‘@fuzr FealS&ﬁ)gbﬁVﬁe‘?ﬁ , ngeg} C?J‘?‘%r’n 1 with rotating
shaft 4 may be p ch t.hat r i.s.:0f rotafi IS
approxi mat el y ho‘%ﬂz%%t gﬁpygoﬁ@:n‘?%%?eﬁg& %hs%v%l lt?lﬁe ngao%llrg@urrg%%nbg?y

contrg unbtpiSsphSngdd FROWMBHARNEIL, Corol upht doxipgeludgagcentenller
16 with a mcroconputer for controlling a series of operations -6

i ncl udi ng vesheBgedr icASiti PoweMabeFt exhr 3¢t Wa@ Rl @ERSSLSi s | ANSEGHENEE as
wel |l as controlling the operation of notor 5, water drain valve 11, water
supply valwet#&?, dwalirsocbaduhit 10, and the other end of water drain
conduit 10 is coupled to water drain valve (water draining
means) 11 to drain wash water from water tub 3. Water
10 supply valve (water supplying means) 12 1is used to £fill
water in water tub 3 via water supply conduit 13.

Water outlet 14 is formed at the bottommost portion of
water tub 3 such that it is perpendicular to the rotational
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



As for controller 16, it registers an input signal fromb5 input setting
unit 17 for setting an operation course, while it inforns a user of the

i nput information through display wunit 18. Concurrently, once an operation
is set to start by input setting unit 17, controller 16 nonitors the
operation of water drain valve 11 and water supply valve 12 via | oad 10
driving unit 20 based on input data transmtted fromwater |evel detector
19 for detecting the water level in water tub 3, and so forth, thereby

carrying out ﬁﬁmashin eration. At this %ine controller, 16 controls the
rotati on of“CHBEHRIS5 7 oFFPRGPPnv et r a5y 5 RPSHEY RTVTHT 15

circuit Zzigaged grchat a Evre%rismst tc%d tfrrocm? 'pOSitt ieo%cﬁdeef% %51@%1‘."%(&#’5%' ch
Mo gh not™'s is a

detects the poggFlon of "nDtor S rotor. u own, not or

brushi ess PecBpt aeabaoluding 12 stater widhibhregrabass viadi ngs gockia

rotor with a i pol'ar’ permanent magnet d on aring. The stator is
20 made upasf tdw eeophass 1w ndi Bgs iNClediiRg efrisr SknW NEhY 28 gnagecPRsh

wi nding 5b and third w nding 5¢c wound around an iron core provided with
slotss I nvenpet 23tthebudes tswizt g «avi ree sareagde bt hign neaderselp witi be
parallel circuit of a power transistor (e.g., 25 insulated gate bipolar
transi st or{t| GBEYmsaral aseeverlfselsondoptf ngndbodert iSpeditfiaagtt ydismayt er
23 includes a -7 serial circuit of first and second sw tching devices 23a
and 23b; wnséri8l cFfeeairrentini r gngsd afoHerakiicehi iy HRlvikesstart by

input setting unit 17, controller 16 monitors the operation
of water drain valve 11 and water supply valve 12 via load
10 driving unit 20 based on input data transmitted from water
level detector 19 for detecting the water level in water tub
3, and so forth, thereby carrying out a washing operation.
At this time, controller 16 controls the zrotation of
motor 5 by controlling inverter 23 wvia 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 aﬁ 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



23c and 23d; and a serial circuit of fifth and sixth sw tching devices 23e
and 23f, wherein the serial circuits 5 are connected to each other in
parallel. Here, both ends of each of the serial circuits serve as input
termnals and are coupled to a DC power supply. Further, respectively
coupled to a junction of the two sw tching devices in each serial circuit
are output 10 termnals, which are in turn connected to a Utermnal, a Vv
terminal and a Wterm nal of the three-phase w ndings, respectively. The
U V and Wterm.nals are controlled as a positive vol .a zero vol tage

» t )
and a fl oafFAgadt & iteGfedtingd ﬁndo;ﬁeac‘?f%b‘f%??}&hn%?g%ﬁlﬁ?? Bper &tfons
f th 15 it chi devi i h ial cCi it.. The on-Qff.
gpera?ionszéﬁgtﬁgﬁ%%f%% iﬁg¥§§3§c§§5§a§lr g%b&oﬁ%&%ﬁﬁ;s%%%H&H&?egex%c%gsed
data fromth i tion,d 213 tg. 21c, whi y
ﬁglla ?C gggboséﬁﬁonpgékeL%%?sQ%ig&g%F cqﬁfgnéﬁgpéﬁgh%gfﬁteegggesggtgé by

an intervagqucﬁﬂn@‘ﬂgJﬂééé angl g @f 120 dggeeesn 4o age-ide perpanest
magnet provided in"the rotor. Wiile the rotor nakes one revol ution, each of

t hree 5 poshtricorogebeed $2kad AHeOutpWsra 1l se by the interval of
the electrical angle of 120 degrees. Controller 25 16 nonitors changes in
the state of sighats, f botrhateddasdf ewmelhofoff htke pesiitalonctetector se2ta to
21c. When a change -8 is detected, controller 16 changes the on-off states
of the as input terminals and are coupled to a DC power supply.
Further, respectively coupled to a junction of the two
switching devices in each serial «circuit are output
10 terminals, which are in turn connected to a U terminal, a V
terminal and a W terminal of the three-phase windings,
respectively. The U, V and W terminals are controlled as a
positive <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 21lc, 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 21lc 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 2lc. When a change



swi tching devices 23a to 23f based on the signals from position detectors
2la to 21c, thereby setting the U V and Wtermnals as a positive
voltage, a zero voltage and a 5 floating state, respectively. A magnetic
field is formed by supplying thus controlled electric power to first,
second and third windings 5a to 5c of the stator, thereby rotating the
rotor. Further, each of switching devices 23a, 23c and 23e is 10 subjected
to pulse width nodification (PW), and the nunber of rotations of the

rotor i's contpolled by, Lor examl e Lepealedly contiokl ing.aduly atio

r
at a frequency O vVery at e of "signals tTrom at | east

one of thrggicpOSLL] Afldletect ors, 218 195210,1s.4hangednecoptoabler Afdd

detects the period there al cul ates the nu rotations (rotational

speed) of pbeitobAr kbbb sheRerdPdiic andhthepypaetenny the RVWicanid ol

of switching devices 23a, 23c and 23e such that the rotor nmakes as many
rotations @s tdrermeats aet adi posnyakher . vAltahes td meerswitalhiage devidces 20
23b, 23d and 23f are not subjected to the PWMcontrol. Current detector 24
i ncl uées rebpstong25tebrnecestetaivaidyvi.npdt regmetial fofelohel siferodd by
inverter 23 and current detecting circuit 26 coupled to resistor 25.
Current detBRipin24 tdatsecesnanolhpdt &hrtlentc obowgverter f2Zsti . esecamd gn

electric current of motor 5; converts the detected current into a voltage
si gnal ; antPfnpttEdt Hé fdrEsyexifghatc ©§ the stator, thereby rotating

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 1is 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 1is changed, controller 16
15 detects the period thereof, 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 23Db, 234 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



to controller 16. Subsequently, controller 16 perforns an A/ D conversion
on the inputted voltage signal; processes . thus A/D converted voltage
signal as digital data; and controls the notor 5 such that its current is
mai ntained at 5 less than or equal to a predeterm ned value. In case notor
5 is a brushless DC notor, its torque is substantially proportional to the
i nput 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
det ect s t hECarRAHtr VL e abifdr y Suﬁsﬁélt‘wld’rrun?qnt%ﬁﬂf i &8I IRETfoFmrgn
anount %9 tor 27 calcul ates %he anount 8 Cg_undr inrotary drum based
on a signaf* r anIAY T BUCFr S ciFfent et &R n°1§°¢7 far@rﬁ?%ﬁ?i is

driven to rpfate, Zb acgggéréeg ro %%%3J51%B§Fda£§ égl%gg rgg& A5 oud

Commer ci al power ource I'S COI’]I’]EC nverter

converter gpde W s0f il %Q?c&“éjgsu&g tﬁQ‘ek‘itsC@ 3 and @éﬂged at

capacitor 31 for exanple is to be 20 noted t at the configuration

descrished abewe tWahhoresRRel e aF'p&edjedeSranéﬁ angexanpl e. Thus, the
configurations of brushless DC notor 5 and inverter 23 are not limted

thereto. As shownida&egmodori Bpik sedrnuxhlwdd 7 nowdmidest s washinig 1s ne
setting switch 17a for setting a washing tine 25 period, rinsing nunber
setting swetblstanb ikda yseitdpmy tienaiunber tok rinpsitngwopestdt i orfBhus, the
wat er - extracti ng time setti ng
torgue of motor 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 amount detectoxr 27 detects the amount of
laundry in rotary drum 1. Specifically, laundry amount
detector 27 calculates the amount of laundry in rotary drum
based on a signal transmitted from current detector 24 when

15 rotary drum 1 is driven to.rotate at a specific rotational
speed (e.g., 200 rpm).

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

-10-



-10 switch 17c for setting a water-extracting time period, course setting
switch 17d, start/pause switch 17e, power-on switch 17f, power-off swtch
179, and so forth. Display wunit 18 includes washing tine display unit 18a,
rinsing 5 nunber display unit 18b, water-extracting tinme display unit 18c,
course set display unit 18d, detergent anmount indicator |anp 18e, residual
operating tine indicator |anp 18f, nunmber display unit 18g, and so forth.
Here, controller 16 perforns a rotary drumcleaning 10 operation while
water is cgllected. in ter tub 3 by way of rotating.rotary drum 1

first rota Y%ﬁ%ﬁ sbggd @t g.5et r g WéqﬁFiﬁﬁ§¥%%€b?? t m?ir&ﬁrlég’
rotational .speed L. ghgateyf; dham 43ro @5&9?8%?8?%%% t 1%k,ﬁ§oclv%i“-g§r}’ to

stick to the inner surface of rotary %run11 is smaller t'han a1

normal rotafiensl SpeedpboErackat elyfxif aGhyNg QRGN Ald ORortRUCh FQlary, drum
cl eaning operation is perfornmed during the "water-extracting operation. .

Further, dunipg tdeinetiakesdrwgsekagni fgmepelididion, weQnt r oBher dihsing
mai ntai ns drain valve 11 closed and operates 20 water supply valve 12 to
feed wat ernumberwdtiepliyb udiitAtl gl swatae;ekbeaopéngt itiget ispdfaywatrert
supply valve 12 is determ ned based on the anount of |aundry detected by
| aundry anbR@t detzetoseR7digplelyowmiicn 1Babl eetercentTapt@urit indicator

lamp 18e, residual operating time indicator lamp 18f, number
display unit 18g, and so forth.
Here, controller 16 performs a rotary drum cleaning
10 operation while water is collected in water tub 3 by way of
rotating rotary drum 1 at a first rotational speed (e.g.,
400 rpm). In particular, the first rotational speed is
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.

-11-



Laundry Anount Water Supply Period O to 2 kg 15 seconds 2 to 4 kg 10
seconds 4 to 6 kg 5 seconds 6 to 8 kg O second Further, controller 16
performs a | aundry balancing on eration and a | aundry bal ance nonitoring
operation in 5 order before the rotary drum cl eaning operation is carried
out. More specifically, in the laundry bal anci ng operation, froma stopped
condition controller 16 rotates rotary drum at a second rotational. speed
(e.g., 90 rpm slower than the first rotational speed (400 rpn) , thereby
maki ng |l aundry to 10 stick to the inner surface of rotary druml. In the

| aundry bal ance'a®rfi tlori ng operation, controller 16 screens the bal ance
state of laundry_ by rotating rofary drum I_ approxirnately at the second
rotational speed?appﬁqyi%?o%&HeWﬁgﬁédsPﬂp%Ke PRUAEY bal ance nonitoring
operation that 15 Taundr ]S no bal'anced properly, |[the |aundry bal anci ng
operation is repeat d-° The“Hash ng mechi ‘ﬁberation havi ng the above-
descri bed configuraﬁign 1] 1 now be q§§cr|bed wth rleference to Figs. 5to
7. After | oading Iaund?y i fo rptary rfﬁgﬁnéﬁ)pOMEr-on switch 17f is
turned on and an opgratipn, courge is s by uging course setting
switch 17d depeh ih% g% ?hgg -1P tvpe50$£?§%§%ry, Then, once start/pause

switch 17e is 6 to 8 kg 0 second

Further, controller 16 performs a laundry balancing

operation and a laundry balance monitoring operation in

5 order before the rotary drum cleaning operation is carried

out. More specifically, in the laundry balancing operation,

from a stopped condition controller 16 rotates rotary drum

at a second rotational speed (e.g., 90 rpm) slower than the

fixrst 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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pressed, the operation of the washing nmachine is started as follows.
First, controller 16 rotates rotary drum 1l and detects the anpunt of
| aundry in rotary drum1 by means of 5 |aundry anmpunt detector 27.
Thereafter, controller 16 displays a required anount of detergent on
nunber display wunit 18g based on the detected amount of |aundry while
det ergent anount indicator lanp 18e is on. Wien the required anmount of
detergent is added into a detergent 10 di spenser (not shown) installed in
wat er supply conduit_ 13 _in accordance W th the spl ayed anouynt _of
det er gent, %per eSt dub®?WBPEY at i ngPElNe %C?h§% %‘%ctﬁ“ﬁ&q di’&pl L§ed
on nunber dlsp uni,.t 18g while re atln ti.re indicat Ianp
18f is on. §S§Se§ﬁ§%ﬂ? er%?ﬁ%%h?ﬁ pe?@? sﬁ%QH%q St e, S%@fg?d Slppl v
valve 12 i d, res o] [ er ugh wager
galg?%%g ngg Moefle WS Qto%ag%ts OEnghe 15&519 9 %

supply con  ssorving - det er gent fFom et ergent

di spenser. d@'&%%tfsh%hé/\’aér%uﬁ@%@e%a%nrarr%ﬂe{r?r%@§9y| %‘f@&n 1MPrmdahs dEi ven
to 20 rotate rotary drum 1, thereby perform ng the washing operation. By

the rd ati oAWKHrFOt anpuditumdbtdcawrdr 7. n  rohae¥adedm 1 bsnki-bedrupiesn
the drumis rotational direction by being caught by agitation bl ades 6

di sposed odispheyisnner reytuined cahowitt f ade détaengatty dnumumizend diepped 25
when reaching a specific height. As the laundry is repeatedly agitated in
the drum bniits 3$88j deased poundihrg det8cted amount of laundry while

detergent amount indicator lamp 18e 1is on. When the
required amount of detergeht is added into a detergent

10 dispenser (not shown) installed in water supply conduit 13
in accordance with the displayed amount of detergent, a
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 wup 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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notions and is therefore washed. After a predeterm ned washing tine is
passed, water drain valve 11 is opened and soiled washing water is drained
via water drain conduit 10. Then, wash water absorbed in the laundry is
extracted by 5 spinning rotary drum1 at a high speed. Afterward, water
supply valve 12 is opened to supply fresh water, and a rinsing operation
is started. During the rinsing operation, the |aundry undergoes the
agitation notions again, i.e. being Iifted up by agitation blades 6 10 and

d d by t t at f rata ! t
orrei by e il e i T O e g
tarted b t drumd at_a hi Ref

fhgrmgterye {ragkfng{@%gﬁétp runkg ?s 2?a?g ?ﬁ%g efgorigg?ggngagané

initiali zafs'd)lruéci\':vaasﬁ %p@gégaun (S SR 104, a@&a@tafagﬁabenaauelél s

opened in step 102. ry bal ancing operation is perfornmed by

rotating ratagy, dwghl darenar gdhyogbed rpﬁattlh@naiaw 16r odzat + & sunber )
of 90 rpm by neans of notor 5, while 20 controlling the bal ance of the

| aundry i nstatarnhdgrisadry desh ep d03a Hege, sgeeal |l ed description will be
provided with reference to Fig. 6. Further, in Fig. 6, curves "a" and "c"
represent the roRéteomalrdspeedcf soppily dralmel ahdisheeaur tensuppliot or
5, respectively, when the |load exerted on notor 5 is small, while curves
"b" and "d'frreefﬁ'r egdgrt nd a rinsing operation is started. During the
rinsing operation, the laundry undergoes the agitation
motions again, i.e. being 1lifted up by agitation blades 6
10 and dropped by the rotation of rotary drum 1, as in the
washing operation. When the rinsing operation is finished,
a water-extracting operation is started by spinning rotary
drum 1 at a high speed.
Referring to Fig. 5, 1if the water-extracting operation
15 is started in step 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

(rotatién number) of 90 zxrpm 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 1is small, while curves “b” and “d” represent the
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-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
torotate rotary druml1l at a rotational speed of 40 rpmat time tl and
then 5 keeps rotating rotary drum1 at the rotational speed of 40 rpm
during the tinme period fromti through t2, to thereby stabilize the
rotational speed of rotary drum 1. During the subsequent tine period from
t2 through t3, notor 5 rotates rotary drum1 at a second rotational speed
(90 rpm so, that 10 | aundr mould stlck to the inner surface of rotary drum
1. anelyquWgraﬂﬁ%F}9n?¥c Sty t#ed roFQﬁ(MﬁNrE%%Ed GF  RWY dPum 1

f bst ant t d st.at t d th d

ot at | onal SRR (U5 Hpme %Zﬁﬁ% TR SF ot v B OHRETEr ot rSTRaR  he
gravity exe”ed %é &zﬁe yﬁso ddaly they %%Pf{qé!n"‘%' Qoggtgk&?akﬁ}e
inner surface o ro dr exanpl e, secon he

rotational gspeed Oitrgt %xea@ WHa]}L ' ereecg%ét £4 r%'Fn 4Q rdolm\@n@ltaﬁa kSen
accel erated every second by 3 rpm until 1t reaches 90 rpm 20

Subsecuent kﬁ1ewrﬂd@@iﬁ$uﬂgﬁﬁr balsange 10att ehkNGotepar@tdoNspeest 6p 104
(during the tine period fromt3 through t4), the balance state of |aundry
in rotary dpmmdurisgeshenaiiete byer obat ifign of ar yhdvumhl tapproxi nheekpyat
the second rotational speed (about 90 rpn). Nanmely, while 25 applying a
fixed vol t 8§eaticvgle tthamotaratticueh shaedt b€ rotary drum 1. During the

subsequent time period from t2 through t3, motor 5 rotates
rotary drum 1 at a second rotational speed (90 rpm) so that

10 laundry would stick to the inner surface of rotary drum 1.
Namely, 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
Operacion 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 rpm). 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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rotational speed of rotary drum1 can be maintained at 90 -15 rpm a
change in the rotational speed is detected. In case there is a

consi derabl e change in the rotational speed, it 1is interpreted as having a
poor sticking and balancing condition of laundry in the rotary drum 5 In
t he bal ance state of laundry in step 104 is found to be in an unbal ance
state, the process goes to step 105 where it is determ ned whether N
equals 10. If Nis under 10, the process proceeds to step 106 and stops
rotary drum1l. Then, by adding 1 to Nin step 107, the process is returned
10 to step 1®8, aadchhegkaumdrihehat@red ienapespeedns sf demestteys 1038 adw=ough
107 are repeated. Here, if the nunber of repetitions of the_laundry

bal anci ng ope?%ERi 6f PedfttietiderhlrictbriPRed VdliiRe, rptatioppl NSEGESl's 0 in
step 105, the .process noyes on to step 108 and reports an abnormality. 15
If it is det®r rﬁr}‘Feeoq?%e%?%p 204 PEfASt ha ba?aﬁcesgfﬁlféngofaW‘gu%&rﬁ?ﬁq?%od,

the rotatio spe tary druml is_.increased fromthe second
rot ati onal g%%%hgigg $%n;gﬂ%d¥% l&g%h?pﬁg SFVngrPﬁé time period fromt4

through t5 shown ripn }f gbaﬁahgest«sﬁat@%ﬁ Tgsgndk € {0t atd,onahs SREEt Rfndl 50
rpm 20 is maintained during the tine perio romt5 through t6 (e.g., 1

mnute). Ace®rdiendhy,ah hanbaugdey e Weher prexbisactRibd O SORR e@X ey ,

so that the | oad exerted on nmotor 5 can be reduced during the subsequent

control of woésdi hg ikotdrtershiigd.whether N equals 10. If N is under
10, the process proceeds to step 106 and stops rotary drum 1.
Then, by adding 1 to N in step 107, the process is returned

10 to step 103 and the laundry balancing operations from steps
103 through 107 are repeated. Here, 1f the number of
repetitions of the laundry balancing operation reaches a
predetermined value, i.e., 1f N equals 10 in step 105, the
Process moves on to step 108 and reports an abnormality.

15 If it is determined in step 104 that the balance state
of laundry is good, the rotational speed of rotary drum 1 is
increaséd 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 t6
(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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25'Thereafter, step 110 is carried out and the rotational speed of rotary
drum1l is increased from 150 rpmto the -16 first rotational speed (400
rpm) during the tine period from t6 through t7 in Fig. 6, to thereby start
a rotary drum cleaning operation. Since water drain valve 11 is closed in
step 111, the water extracted fromthe laundry articles can 5 be collected
during the rotary drum cl eaning operation, it 1is possible to collect water
in water tub 3 without using a special neans therefor. Thereafter, timer |
isinitialized in step 112, and an  initial vyalve for set rotational_speed
R of rotar;laFﬁnF?%FglofﬁasﬁpgiéiQﬁgqi?%g)r t et Hnale shela Pabo°rp OIRn
step 113 (gg ti i n-Fi ... Then, the S eeds §§ep

where a dru%1r%#%ﬁ#%% ggntg%lééﬁd dghot6$ Eﬁ%?%ﬁ? éﬁ%qﬁblg é%g:e ecﬁ%éﬁ.

The drum rei abh@RCeRHl: ;3  BE HIRL Qfa (CUF T8 i Lo CONLI Ol 1 W LhoBEg in
described in detail with reference to a subroutine shown in Fig. 7

Referring seebi g117, die wondF obxofadul Ifaicat ionallaspeed 46t stdesedann
step 120 and tinmer Il is initialized in step 121. Then, a feedback control
for régul abengdlied(:d oflatingakhepesst@fyr dramny cdresmihdg coberegieh, t ott he
set rotational speed R (initial value of 400 rpm is performed in. step
122. Afterls pesends s nestep IR, vaeepr doesstepr dogeds whtlhoep 1g4angoat hat
a notor current | detected by
special means therefor.
Thereafter, timer I is initialized in step 112, and an
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 wvalue of 400 rpm) is performed
in step 122. After 5 geconds in step 123, the process
Proceeds to step 124 so that a motor current I detected by
Current detector 24 is dnput, and in step 125, it 1is

25 determined whether the motor current I is greater than or

equal to a predetermined value Ic. If 5 seconds has not yet
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current detector 24 is input, and in step 125, it is 25 determ ned whet her
the notor current | is greater than or equal to a predeterm ned value Ic.
If 5 seconds has not yet -17 passed in step 123, the process returns to
step 122. If the load exerted on notor 5 is snmall and the notor current |
is smaller than the predeterm ned value Ic as represented by the curve "c"
shown in Fig. 6, step 115 is 5 perfornmed, whereas, if the | oad exerted on
notor Sis great and the nmotor current | is equal to or greater than the

predeterm ned value Ic as represented by the curve "d" shown__in Fig. 6,
step 126 |§qﬁﬁqq<&P(ﬁReRcﬂ% du%%etﬁﬁog%?s FetarrontP §pBRd1&2by 5 rpm and

th t 115 0 A th it at t
aram 1 5 Tegui Ated o EbUAT TENtHE FAFSE ot i Ol - spead-[a08°trpr
d th d t t t d t
gr:ggsnaﬁfhhggrgﬁrﬁo bé gﬁL cf?sggﬂgg' ngWQEQK%QEV%AQQQ%e6?og§ exertedogn

ot or > 'Sﬁﬂﬁ¥gseﬁéé$oﬁﬁv%ﬁe'Eﬁfwa dE“mékdﬁ%fiﬁsﬁlgr'Wﬁn é@bﬁoﬁﬁgelét
the first rotational speed (400 rpm) during the tine peri'od from

through t8mntodid®r wheesads;rt Raesaloddiatdad sperdtoR ES 1ée@u@ad by
5 rpmat the tinme to such that rotary druml1l is driven to rotate at a

rot ati onal aspkedhef @@ r pourthen, 20ief ¢guahnabhesr5 xecords thiasnelthpsed,
the set rotational speed Ris reduced again by 5 rpmat tine t9, so that
rotary dr rmeddtennineh toluot Bt eaat rapresantedabys péed cofrveo (' d pmhown

in Fig. 6, step 126 1is carried out to reduce the set
rotational speed R by 5 rpm and then 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 tl0 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 load

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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until time t10. By controlling notor 5 as described, when the |load 25
exerted on notor 5 is light, the rotational speed of rotary druml is
controlled to be less than or equal to the -18 predeterm ned value Ic
during the tinme period fromt7 through t10, as represented by the curve
"c" shown in Fig. 6. |In case the |oad exerted on notor 5 is heavy, on the
other hand, the rotational speed of rotary druml1l is reduced at 5 tinme t9
to be nmaintained at or below the predetermined value Ic, as shown by the
curve "d" shown in Fig. 6. Then, the process proceeds to step 115. In step
115, wat ePTeUppryTVELGe Valbarnéd oRuBhEIWaER? iSiPed Pe¥EPRatieromt Ui 3.
As a result in case the anmobunt of |a ndzy is 10 small so that the

even |
amount of %F8ngxF}8ct 88 TREFEFFOMECs PYsiad SUkatSer Tarf dimhift e ©-

coll ected | r . tub 3., Further, since.wat i s supplied based t he
anount of iﬁa@%%%y%%ﬁeﬁﬁ%&l%§ef ﬁ%d?? gﬁ%ﬁﬁiq%e%%058$957 Ch %%?bf%%ﬁ%é

with, for gxagpl en %@Q@{éﬁéfggékgﬁ l%P"‘Po&QrfJ]a@r%nfhl a; 15 r%%%%gslmaita' ly

same anmount of water can always collected in water tub 3 regardl ess of
the aspounttohel aUNEbYpe Refiekblingdback dro Hdibw Thafd&iadddmiided R GAL es

that 30 seconds has elapsed in step 116 and it reaches tine t10 shown in
Fig. 6, step,1af kRoperbor aRd tarependamakebwi dinn Fi20 wal ve 11 and a
wat er-extracting operation is performed in step 118, during which the
| aundry in rotarfhadruntliei proaees proceeds to step 115. 1In step 115,
water supply 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
exXtracted 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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extracted by rotating rotary drum 1l 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 performng the rotary drum cl eaning operation by -19
rotating rotary drum11 at the first rotational speed (for exanple, 400
rpm greater than the rotational speed which makes |laundry to stick to the
i nner surface of rotary drum1l but |lower than the normal rotational speed

for the water 5.extractin eration ter .dischar .t hrqu m
perforatio%§t5%6pﬁwﬁ%ﬁﬁrﬁr§ B \dhi 2h &%F%tgérgf ?ﬁ%%gﬁkgf r égyoég?r
speed, getgs.reflecte y_side t e et t astdhed ebyiich
cont act th%xgﬁ%é%’cjﬁ?ﬁdfgkglW%%%F%%$ %%gﬁgr§ﬁdr3ﬁ%f?lgéé%ho&% in Fié? 3.

As a resul haxdtpubihies, Q) e icant@mingdt snsdehsasrdetesgenbraesi duas 1
sticking to the outer "cylindrical surface of rotary drum1 can be flushed

out by thebwat erodaorinehng aftfe serhhat Adweatoidresl cybeadrifeal tlser wacerof
rotary drum 1 can be kept clean and the gromh of gerns or nolds in rotary
drum B canei¢rprevent edop&hereabor e, whievor e diygiteniged autidrpugdishi dguman
be achieved. Further, by supplying water into water tub 3 durin t he
rotary dr ubpeelfezatngnepet abf omobgrwayl wim opeWatichy BRees §prFgev§PW§t12,
the water supplied via water supply conduit = 13 flows to water outlet 14

al ong t he TRt 1onPlactrtdwaters20ratibedtsfd B% %b@lﬁ\‘f%ﬁloflf‘labyo i $BNEF|

14a of Watg{ltc_)L%ttl o, 1% 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 l4a 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

-20-



as shown in Fig. 8 Concurrently, turbulent water currents are generated
due to an air pressure fromthe rotation of the rotary drum 1. By water
bounced off and turbulent water currents, the outer cylindrical surface of
rotary drum 1l can 25 be flushed out by clean water. As a result, the outer
cylindrical surface of rotary drum1 can be kept nore -20 hygienic. As
descri bed 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 drum
1 at the f%rst 5 rotational speed (for exanple, 400 rpn) greater than the
rot ati onal "¥Fé&d Wwhi ch makes | aundry to stick to the inner surface of

d 1b |Ler h f
L U, RSB BT LRt P o By

wat er - extracti ng impuritiées m nants suc

detergent dduieStUas:al! it foh Ne Rl ekl 1 Ddebeals surdace.Qed obary
drum 1 can be flushed out vi gorous water currents generated by

hi gh- speedwh@leat italh 08 B9t afay, dBEM-dr ot TRy ef L5y tAeuAUteratcythadfieak
surface of rotary drum 1™ can be kept clean and the inpurities or

cont ars nantstatdbnas 1lspdesiergtt egshges canobeppnevgntedetfr amati ckieng
again to rotary drum1. Further, controller 16 controls the washing,
rinsing, andawberlexdpssatiwgyiopemakicansl amddper for st itdke tot bhy dnosr
cl eaning' operation during the water-extracting operation.
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 residues sticking to the oﬁter cylindrical surface of rotary
drum 1 can be flushed out by vigorous water currents
generated by 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 specific
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, 1.e., 1in bubble constraint
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20 Since rotary drum1l is controlled to rotate at a specific rotational
speed (for exanple, 400 rpnm) by using the water <collected in water tub 3
after sufficiently rinsing laundry in the rotary drum the problemthat is
associated wwth a great deal of foans generated due to residual detergent
left 25 in water tub 3, in which condition the rotational speed of rotary
drum 1l cannot increase, i.e., in bubble constraint -21 state, can be

sol ved. Further, since current detector 24 for detecting a current of
notor 5 is %repared and controller 16 controls notor 5 in response to a
signal frofm refPld&CeSdVeHM 5 such that the current of notor 5 is
smal l er than or r edet er m

qual to a ed .val u abnor mal_ over heat.ing of
notor 5 resultiﬁﬁrgy%ﬁﬁaaﬁﬁ - | Gad & bgegFgggﬁteggbgggﬁntF&FF%ﬁEg t%e
current of q@%gr 5 ep_in._case;th t: O a Ly A e n
much of Iaﬁn rynﬁaJﬁ%gH?%%Figi t a?r%g%H$¥gﬁL¥% ggggﬁngé?gb % gﬁ§5ﬁ§@§f
vater, othepWcsie,s WiaN @d@bge aBDUNt s9hnWat &frd$ barvaher dddeckor 24

Therefore, safety can be 'inproved. Further, since controller 16 closes
wat er r ai Buedl teatlthdurduigdie 4ot tyodrsim €1 eanl hgropraat benegtihe wet er

15 extracted fromlaundry during the rotary drum cl eani ng operati on can be
col | ect ed, asopiredetetrrieedmresapassi beenoamadol beetrhssttemg n ofat eptbub 3
wi t hout needing a special neans therefor, thereby contributing to a cost
savi ng andr&spulting 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 wvalve
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 extractéd 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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i nprovenent in the washing machi ne's hygi ene. 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 anmount of water extracted is small given that
only a small nount of laundry is |oaded 25 while the outer cylindrical
surface of rotary drum1l1l can be washed by fresh water, and thus, the
surface can be kept -22 nore hygienic. Further, since the operating tine
of water supply. valve 12 is set based on the anount of |aundry detected by
| aundry an@ggF G¥EEELSF 27, a substantially same anount of 5 water can

al ways be coIIec§5¥kﬂgrmate{ tubtglreggrdl ss of _.the anount _of |aundry,
t hereby contributing @ tost 3aVi ng'® am® T ifr svdlrent “of YEhET waEhr R

machi ne' s hygieng, Rurther, b‘r;%%‘ar Q] e{}%emaxﬂgﬁﬁm?r % Fl@%ﬂwcli%é/%éﬁczge?& gﬂé?g

operation and the |l aundry balance nonitoring operation in ore

the rotaryldimar¢l ey ogeratigp. ohn HﬁeshﬁgﬁgﬁMiQﬁhgn%h%ﬁ QRRNBd 08
froma substantially, stopped condition, controller 16 rotates rotary drum

1 at tshe seacrt d=0f Alwps bBpeedl(ectted Y%t reateloweb BhareddifdgsStof
rotational speed (400 rpm, thereby making laundry to stick 15 to the inner
surface of thet ampouhtunpf. lauridwey | aunderygbybalaoe bamnidr engaarer b v bng
controller 16 checks the balance state of the |aundry by rotating rotary
drum 1 at 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 1rpm) 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, sesince

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

to unbalanced laundry can be eliminated, safety of the
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approxi mately the second rotational speed. Therefore, by gradually making
the laundry to stick to the inner surface 20 of rotary drum 1 during the

| aundry bal anci ng operation, the |laundry bal ance state can be changed, and
the rotary drum cleaning operation can be controlled to be perfornmed by
rotating rotary drum1l at the first rotational speed only when the |aundry
bal ance state is good. Further, since 25 abnormal vibration of rotary drum
1 and/or water tub 3 due to unbalanced |aundry can be elimnated, safety

of the '2§a%%§gin%ac gh%n%a%a% be nhan%Fd. Still further, controller 16
repeats the Taundryo balancihg “Sp&Paersitihen it detect the condition of

unbal anced | aundiys i AG-LAUPOT Y BAL BBSEIONLIOr G, 5 PETAS O sy

Speci fically, when Taundry is foun unbal an aundry is

fall off fb@ﬂhh@&ﬁgy HPHRk i QY SERPRI NG f Ol e & UM e ARG Hdi& RA ance
state of the ||aundry can be changed by perform ng the | aundry bal anci ng

oper ati on agbkbaheetheriehyh@raduahl y tald owl dhedtaundiay aleel0 wdh Lkot Dnd he
i nner surface of rotary drum 1. Further, since the rotary drum cl eaning

oper ati on eaerbeiperfor ngdedyfivayl1wf rehahi njauotayy dsunfduad the fhest
rotational speed only when the |laundry bal ance state is good, abnormnal

vi brati on upPalanaeg. dicle Leaamflnyr imteadeuballdeé ft ¢ rome natzaharteunfl 15

t he Iaundr% articles can be elimnated, resulting in inproved safety .
Yy 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—calied
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, although the rotary drum cl eaning operation is executed during
the water-extracting operation preceded by the washing and rinsing
operations in accordance with the 20 preferred enbodi rent of the present
invention, the rotary drum cleaning operation can be conducted during a
so-called internediate water-extracting action between the washing and
the rinsing operations or during an internediate water- extracting action
in the rinsing operation. In both cases, 25 the sane functions and effects

as in the preferred. enbodi nent can be obtained, - Further, though the
preferred gnbodiFﬁJe‘?ﬁhen%'s HebmItesdts beek T T Fbf eer‘é‘?& PG Wi gfbeen

machi ne w t.hayin a_l aundry drying function . ressm i Qpli n
can al so H%Qggﬁﬁg?edwggharﬁggﬁﬁﬁ en&éh@hgmﬁgiﬁanﬁ% %ggﬁﬁfy d#;pﬁﬁ S?

function by mxnegygpggépg WALMQlE, | REQ }ﬁ%f_er%:aeélttggbrgfdeldﬂoﬁ% & LAS e the

sane functions an as inthé opre ment can al so be

obt ai ned. Shpteefheryashi ng MG NeaidhideCOhdaneg WhB tDgundFesedtying
invention is capable of flushing out inpurities or 10 contam nants such as

deter gent feacdues $hyi ckiyngodn Hlkasiewt ewvaey! bhdriicalo switacetab & .rotmry
drum by vigorous water currents generated by rotating the rotary drumat a
hi gh rot atwiohala speed, t hkkeousemecyfundricas sand aed ffctishe asr oiar yelhdy um
can be kept hygienic. Thus, the present 15 invention can offer advantages
when it igpﬁgﬁerggdtgméodiment 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 1is 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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washi ng machi ne for perform ng washing, rinsing and water- extracting
operations in a rotary drumhaving a substantially horizontal or slanted
rotational axis. Wile the invention has been shown and described with 20
respect to the preferred enbodi nent of the present invention, it will be
understood by those skilled in the art that various changes and
nodi fi cati ons may be nade w thout departing fromthe spirit and scope of
the invention as defined in the following clains. 25 -25 Wat is clained
is: 1. A hin% machi.ne conprising: a rotary drum having an approxi mately
hori zont al fa 55 SSiPaft ﬁ%%ational axis; a water tub elastically
supported in a washing nachine nmain body and accommopdating the rotary drum
therein; a notor for rotating the rotary drum an inverter having one or

nore sw t ching dgvicefifar malfiSUPRLYLRY saR€l ectric power to the notor;
and a controller for con rofllng an operation of the motor by way of

control ling one gr raReeOfgthe S¥-16HI AY @%ﬁr%e@,matmef ehdl 1 AsneONt 69! ber
executes a rotary drum cl eani ng operation by using water collected in the

wat er 3 ub by awmed Yoteft icotdr oltisg a rotational speed of rotary drumto be
equal to a first rotational speed, the first rotational speed
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
10 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
15 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

20 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

25 water-extracting operation.
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bei ng greater than a rotational speed which makes laundry in the rotary
drumto stick to the inner surface of the rotary drumbut smaller than a
normal rotational speed which is 20 required for extracting water fromthe
| aundry. 2. The washing machine of claim1, wherein the controller

controls washing, rinsing and water-extracting operations and executes the
rotary drum cl eaning operation during the 25 wa ter-extracting operation.
-26 3. The washing machine of claiml1l or 2, further conprising a current
detector for detecting a current of the notor. and for transmtting a

si gnal baséd on The dersttied dwelehet 0ofhe @t ol Ler Otivhet ei nfheher
controller controls 5 the notor such that _a cgrrent thereof is not greater

than a spECTPd SvERUE Ry dtesE e SPHnaftFromfEnd CHFFERt OéeFEEtor
4. The “ﬁSRDQ%I”%§hé”%OOf ANy ons qgggla;nsﬁ%F%L %as éockyr%her ggaﬁ alng
ro er

a water drairn valVe fordrai i ning wWa e washing mac ein
the controblgrc¢l-0s&s EH@ Q1 Al n Hle¥@1¥l“ﬁ:'1{ég é&?t]% ?éﬁ/ gBHm:ols
cl eani ng operatlon The washi'ng nmachi ne of any one o aimse 1 to 4, 15

furthes corpd sididra é/‘@ék@rtlﬁé'tP%YCﬁékrlé@ltf A eStEH yiéngna@tgfeat@imthaﬁ wat er
tub, wherein the controller operates the water supply valve to feed the

wat er i ntospleifdicervilbe Gegtt@Mmashi B neesi nelpfalcl aremd, tHar thetent
conprising a 20 laundry anount detector for detecting an anount of |aundry

detector.
4. The washing machine of any one of claims 1 to 3,
10 further comprising a water drain valve for draining water

from the washing machine, wherein the controller closes the

water drain valve during the rotary drum cleaning operation.

5. The washing machine of any one of claims 1 to 4,
15 further comprising 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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in the rotary drum wherein the controller determnes an operation tine of
the water supply val ve based on the anount of the laundry detected by the
| aundry detector. 25 7. The washi ng machi ne of any one of claims 1 to 5,
wherein the controller executes the rotary drumcleaning -27 operation
after performng a | aundry bal anci ng operation and a |aundry bal ance

noni toring operation in order, the laundry bal ancing operation being
carried out when the rotary drum is substantially in a stopped state by

tati th t 5.d t d t ati I hi h Kk
the 1 aundRyP T Hb 75F S yPaF Gir 10781 Fok 200 e LPARGE LG Fas of o Aod M@
rotary dr@mfﬁﬂné€¥66aigﬁgetg§n£E5§En OEg%E%@%bnSH%egrd%Qq,E@%|E§Hﬂ@f&
bal ance nonitoring operation being carri out by nonitoring a bal anCe

state of the dauKls Yoy WeY oaf bkl Hptaki-pgebheukotalan dfbdn 2BREeY BtA] Y at
the second rotational speed. 8. The washing machine of claim7, wherein

the contrald esubseppatsitihe draundsyopakancitag 0pgF atboat when thebalcaresd 15
| aundry in the rotary drumis detected in the laundry balance nonitoring
operaki ondr@8 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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