, yz{|e3el F\:@T \Washi ng Machi ne Field of the Invention 5 The present
invention relates to a washing machine for perform ng washing, rinsing and
wat er -extracting processes in a rotary drum having a substantially

hori zontal or slanted rotational axis. 10 Background of the | ion A
conventional drum type washing nmachine includes a rotary druﬂmmﬁwmmwwwme
accommodating |l aundry therein. The rotary drumis installed b
such that it rotates about 15 a horizontal axis. Further, fornmed*&ss he
front portion of the water tub is a laundry | oadi ng/ unl oadi ng openi ng,

whi ch is opened and cl osed by a gdoouInNg tvycHUWNHE | ng | aundry mm Imm y
drum t hrough the laundry | oadi ng/unl oadi ng openi ng, the wash um Mmmwmm‘
performs washing, rinsing and 20 water-extracti ng processes by ceghio! |1 ng
wat er supply/drain into/fromthe water tub and al so by controlling the
rotation ofié¢hé¢ oHtehy Onuenftsee, for exanple, Japanese Patent Lai dOpen
Application No. H10-211393 (pp. 3 and 4, Fig. 1)). Wth the above
configuration, however, laundry tends 25 to float in wash water even when

the rotary drumis rotated if the anmount_of the Iaundrx,in the rotary drum
is -15 - The present invention relates to a washing machine for

performing 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 closed 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 water tub and also by controlling the rotation
of the rotary drum (see, for example, Japanese Patent Laid-
Open Application Noy H10-211393 (pp. 3 and 4, Fig. 1)).

With the above configuration, however, laundry tends

25 to float in wash water even when the rotary drum is rotated

if the amount of the laundry in the rotary drum is



. relatively small conpared to the amobunt of wash water in the water tub. I|f
such a condition is present, nechanical force cannot be properly applied to
the laundry, so that it becones difficult to effectively renove dirt from
| aundry. 5 Particularly, the above problem nost frequently occurs when the
| aundry is made of a material such as synthetic fibers which does not
absorb water very well, thereby making difficult to renove dirt fromit. 10
Summary of the Invention It is, therefore, an object of the present
invention to provide a washi ng nachi ne capable of renoving dirt from
laundry by &8yt Dge2p SRLLMUBLWBSREAJtOPEhat kaBunegafdesh ofatkr tite tarount
or fabric types of lTaundry being washed. In accordance with the present
i nvention,widberetiub.proFi dedhaawashingivachisne riesentdi mgche riatadr yf adragm
havi ng an approxi mately horizontal or a slanted rotational axis; a water
tub accomosabohg bhée proimeyl Wr laprlierdi ko atiet otahodr2 reeat it t He
rotary drum a current detector for detecting a current of the notor; and a
control | erbéepmesndiSELFRGtakicopdLaetdiicdty ERBONSt 6¢ rind rQMs dEuds Ty
washi ng operations, wherein the controller gﬁtects %;ate of laundry in
the rétary drumiRes it BlXml te of Pelfr BAP 'ﬁth@S%Dt&FQﬂﬁqﬁﬁy:ﬂf%ﬁés
washi ng Opﬁﬁgﬁ'%%e laundry is made of a material such as synthetic

fibers which does not absorb water very well, thereby making

difficult to remove dirt from it.

i0 Summary of the Invention

It is, therefore, an object of the present invention
to provide a washing machine capable of removing dirt from
laundry by having an optimum washing operation regardless of

15 the amount or fabric types of laundry being washed.

In accordance with the present invention, there is
provided a washing machine including: a rotary drum having
an approximately horizontal or a slanted rotational axis; a
water tub accommodating the rotary drum therein; a motor for

20 rotating the rotary drum; a current detector for detecting a
current of the motor; and a controller for controlling an
operation of the motor and a series of washing operations,
wherein the controller detects a state of laundry in the
rotary drum based on a value of current in the motor during

25 a washing operation.



-2 +» Brief Description of the Drawi ngs The above and ot her objects and
features of the present invention wll becone apparent fromthe followng 5
description of preferred enbodi ments given in conjunction with the
acconpanyi ng drawings, in which: Fig. 1 is a schematic cross sectional view
of a washing machine in accordance with a first preferred enbodi nent of the
present invention; 10 Fig. 2 shows a circuit diagram of the .washing
machi ne in accordance with the first enbodi ment of the present invention,
wherein some of its conponents are represented by blocks; Fig. 3 is a front
view of arBiirplutDesd#i il didi ¢ £ arrek apddy hgpl ay unit of the washing machine
in accordance wth the Trrst enbodiment of, the present invention; Fig. 4A
is a chart plotting notor current against tinme during normal rotation
(i.e., when the laundry is properly agitated by the rotation of rotary
drum); 20 Fig. 2Beisahovken kad chahtrasoBAetepr esant i kgaf-@k CHEr €phe
against tine during free rotation (i.e., when the laundry is not agitated
by the roPaasetof IpveAEYodr W)Ll FpgsomBA apypch e tar €ranmf | v chant ofs b
contr$)l S washi ng operation of the washing nmachine in accordance with 25
the frst SEMTdiRteR? of it X phesied embedimentsFigiveni sra tboyunbatsént hat

'||UStrat%§t% %%%wggéék%é§§ing drawings, in which:

Fig. 1 1is a schematic cross sectional view of a
washing machine in accordance with a first preferred
embodiment of the present invention;

10 Fig. 2 shows a circuit diagram of the washing machine
in accordance with the first embodiment of the present
invention, wherein some of its components are represented by
blocks; |

Fig. 3 is a front view of an input setting unit and a

15 display unit of the washing machine in accordance with the
first embodiment of the present invention;

Fig. 4A is a chart plotting motor current against time
during normal rotation (i.e., when the laundry is properly
agitated by the rotation of'rotary drum) ;

20 Fig. 4B is a similar chart as 4A representing motor
current against time during free rotation (1.e., when the
laundry is not agitated by the rotation of rotary drum);
Figs. 5A and 5B are a flow chart that controls a

washing operation of the washing machine in accordance with

25 the first embodiment of the present invention;

Fig. 6 is a flow chart that illustrates a subroutine



. for calculating the average current value of the notor of the washing
machi ne i n accordance with the first enbodi nent of the present invention;
Figs. 7A and 7B are a flow chart that describes a 5 subroutine for
detecting a small anmount of laundry in the washing nmachi ne in accordance
with the first enbodi ment of the present invention; Figs. 8A and 8B are a
flow chart that illustrates a subroutine for controlling the water draining
procedure when 10 the laundry anount is found to be snmall in the washing
machi ne in accordance with the first enbodi mrent of the present invention;

Fig. 9 showsyachhmngtGhay triod bk}@ragteorcuiwéﬁtg #aYashiory oper abton off t he
washi ng machi ne in accordance with 15 the first enbodi nent of the present

i nventi on; t ik gfashQAqgan@d chiB earim addovdahes twitiat thentfialss wadhidigent
operation of a washing nmachine in accordance with a second preferred

enbodi nentodf théeppessant inmeentoon; Fig. 11 is a flow chart that describes
a subroutine 20 for calculating the current anplitude of the washing

machi ne i n accorRiagwe VRt hande 'Second enbbdprermhait t kg e8BErP%ENE on;
Figs . 12A and 12B are a flow chart that illustrates a subroytine for

det ect5i ng swarputinadripandehecEhnghé vilkei hg2®8 ke el 3 e orBarkdé with
t he second enbodi nent of the present invention; -4 _, Figs..h13A ang 1 are
a flow charéshpag Sﬁgﬁﬁﬂﬁésl%.éSﬁPFSPnﬁﬁo@é&gréththﬁska§HFﬁ§é8S8 ati'on of
a washi ng ggchine in accord%nce_mjth a third preferred enbodi nent of the
present invBfit oSNt 1nvention;

Figs. B8A and 8B are a flow chart that illustrates a
subroutine for controlling the water draining procedure when
10 the laundry amount is found to be small in the washing
machine in accordance with the first embodiment of the
present invention;
Fig. 9 shows a timing chart of the motor during a
washing operation of the washing machine in accordance with
15 the first embodiment of the present invention;
Figs. 10A and 10B are a flow chart that controls
washing operation of a washing machine in accordance with a
second preferred embodiment of the present invention;
Fig. 11 is a flow chart that describes a subroutine
20 for calculating the current amplitude of the washing machine
in accordance with the second embodiment of the present
invention;
Figs. 12A and 12B are a flow chart that illustrates a
subroutine for detecting small laundry amount in the washing
25 machine in accordance with the second embodiment of the

present invention;



, 5 Figs. 14A and 14B are a flow chart that illustrates a subroutine for
cal cul ating the average current value and the current anplitude of a notor
of the washing machine in accordance with the third enbodi nent of the
present invention; and 10 Figs. 15A and 15B are a flow chart that describes
a subroutine for detecting a~ small anmount of laundry in the washing
machi ne in accordance with the third enbodi mnent of the present invention.
15 Detail ed Description of the Preferred Enbodi nments Preferred enbodi nents
of the present invention will now be described in connection with the
acconpanyi ng dr awyBgs.138 hedt a 3w apéed, floweveharthathathedpsesdms 20
invention is not limted to the preferred enbodi ments di scussed bel ow.
First enbaginerd]l Hereiowmfumey , dandimghi ngshaobi nepénattenr dahced wivelghangs
first preferred enbodi nent of the present invention will be described with
ref erence marifims. il he®rdabice Figth 1aj $hd relcirriisered 0g8bsdéneBhalPivi ew
of the washing machine in accordance with the first enbodi nent of the
present i nventpoesevashnvngnbehi ne main body 9 includes water tub 3 and 5
cylindrical rotary drum1 disposed in water tuh 3. Rotary.drum_1_haying a
bott o surface F$95r-ovidePRit h4RuPErple drim ?%rgﬁ?gnéq%ugﬁrﬁggs 3
cylindrical surface apd with rotating,shaft (central i.s . of rotati 4 at
its centerSYPEPBEEET ohPhnf CPgFg}QQdFaﬁ1TVF%aﬁgrgﬁéé §u3%1fﬁhf%?t§%%o
central axis_of rotation. is.dedine r he yrea thEO nife washing
machi ne. NotbteB iﬁ§$%ﬁ$%%§%t%g%egrggéeé?dgn%f%agteﬁaggghg ngionnected to
rotating shalh 4.30o gl ehl |snoapahl eqof mdhar arye dr uRel rasaral o in
a forward and reversSe direction. Further, multiple agitation blades 6 15
are di sposed. QR-1Bg;i BRgr cylindrical wall of rotary drum 1. Opening 3a
formed at the inclined surface of water tub 3's front portion which faces
upwand i s openedriajyl, ciesedrdy UdBr afe By OHpewi mfpaddortiat| desdirybean ae
| oaded into or unloaded fromrotary drum 1 through |aundry 20 ,
| oadi ng/ unkoadbnygioperfiory @et&khtrgdeorstell pmsuakl &xf | hauper¥| dppedie

surface, |oading/unloading of |aundry can be done mﬁ%hogt a.user h viqg to
bend down w@ﬁbiagrg@pﬁlne in accordance with the third embodiment o©

the present invention.

15 Detailed Description of the Preferred Embodiments

Preferred embodiments of the present invention will
now be described in connection with the accompanying
drawings. It is to be noted, however, that the present

20 invention is not limited to the preferred embodiments

discussed below.

First embodiment

Hereinafter, a washing machine in accordance with a
25 first'pféferred embodiment of the present invention will be

described with reference to Figs. 1 to 9.



VWater tub 3 is suspended in washing machine main body 9 by springs (not
shown) such that is allowed to vibrate or 25 shake therein. Connected to
the | ower portion of water tub 3 is one end of water drain conduit 10, and
the other end of -6 water drain conduit 10 is connected to water drain
valve (water draining unit) 11 to drain wash water fromwater tub 3. Vater
supply valve (water supplying unit) 12 is used to fill water in water tub 3
via water supply conduit 13. 5 Further, although rotary drum 1 having
rotating shaft 4 at its center of rotation is installed such that its
central axis ofFirda_t atji onsi s dechiengd itonar ds s hesacarompat t ivarwof of héchgashi ng
machine in this preferred enbodiment, rotary drum1l can al so be arraqged up
such thatwggﬁiﬁ?nhmﬁhﬁnéSimfa&ﬁordhatbomﬁthzﬂﬂﬂoﬁﬁﬁﬁteb%ﬂﬂﬂﬁ%&ﬂﬁeﬂ. The
configuration of control unit 14 for controlling each el ectric conponent
will now bredpseekhediwvehtrieherence to the circuit diagramin Fig. 2. As
shown in Fig. 2, control unit 14 includes 15 controller 15 mﬁtg

ni croconput er fiaskcomy r seichigea medm deodf §pdmaliwies i et edi iy m;siﬁr}fb,
rinsing, and waterextracting processes, in sequence as well. B a cogt{olling
-the dper atydandtigstlorr&Lamat 88Ul o A ¥SPoeed 1 i ® e%ulePy al V32  and
so forth. As for controller 15, it recgives .20 aPOiQ uk %qualméig i put
setting ufrtmel f BRVEEEt | fig Pat tePer AT bR CodPs e T WhT T i t i nf or ns User of

the input information_through,displ UNni. gy - CUrd &idds aRee wch
oper at i ondirém\sePeﬁhar? 4895t o sto}rpt i%)s/ i(E h%gds]é%fgng unit 16, controller 15

moni t or s tr%%a%&%rgtats%%nf @f(d@r{ﬁ%ld rAl 1 ¢ Vieotlds i 35) Wt 8 SUPpLynvet Ver 12

and swit ching uni via sw Ing unit driving circuit 19 based on the

i nput dat g 4AnyH t d1e frORRYGt edrbeval dst egtpand8df cruatet ebbitngithe
water level 1n water tub 3, and so forth, thereby carrying out a washing

oper a4 i on.cchle dhi Sdidnes £ contaolderiddeont ned stoherdothei oaaof PSrhbeLr 5
by controlling inverter 23 via inverter driving circuit 22 based on the
data trangy tites fashiposibichnndet eMoiny GniinstRllgd &t deliec¥gafhaide
position of notor 5 s rotor. Though not shown, notor 5 is a brushl ess DC
mot or i nclafdiwater staboB Wit Fcaeetgshake WPRAFABE ahdd rorde that 1t

is capable of making rotary drum 1 to rotate in a forward
and reverse direction. Further, multiple agitation blades 6
15 are disposed on the inner cylindrical wall of rotary drum 1.
Opening 3a formed at the inclined surface of water
tub 3’s front portion which faces upward is opened and
closed by door 7. By opening door 7, laundry can be loaded
into or unloaded from rotary drum 1 through laundry
20 loading/unloading opening 8. Since door 7 is installed in
the slopped surface, loading/unloading of laundry can be

done without a user having to bend down considerably.
Water tub 3 is suspended in washing machine main Dbody
9 by springs (not shown) such that is allowed to vibrate or
25 shake therein. Connected to the lower portion of water tub

3 is one end of water drain conduit 10, and the other end of



10 with a bipolar permanent nagnet disposed on a ring. The stator is
conposed of three-phase wi ndings including first w nding 5a, second w ndi ng
5b and third w nding 5¢c wound around an iron core provided with slots.
Inverter 23 includes swi tching devices each conposed 15 of a parallel
circuit of a power transistor (e. g., insulated gate bipolar transistor
("1EBT")) and a reverse conducting diode. Specifically, inverter 23
includes a serial circuit of first and second swi tching devices 23a and
23b; a serial circuit of third and forth sw tching devices 23c and 23d; 20
and a ser }%ngte?:i rcﬂf‘gfn of.ohightif ang sisxtdosne t€dd ngodevices 23aiandv&Bie
wherein the sérial circuits are connected to each other in parallel. Here,
the both qpds.ef mach afy thieiserial tei deuihswashveadex ripam terd hat e and
are coupled to a DC power 25 supply. Further, respectively coupled to a
junction of, tlyatlewo suiglohi vl devieeset nseaphysagi anigr did tiaresetithut g
termnals, which are in turn connected to a Uternminal, a Vtermnal and a
Wt er ni nalfidfl taerhrige-watzese Windl iy wadspectuRRl Y . comdidE VPand w
termnals are controlled as a positive voltgge ?ﬁ$ero voI% e and %ft
floathng state, PBrEhspecEilESIongy Gt Aohbi A dn TG I oF ¢ %ﬁ%ﬁ%l?% 5~ of
the two switching devices in each serjal circuit e ,on- r.atipns of
the switcHi ngtdevfeeseirt®coRtr of PRAEIR carit erFE?I?gdbasélg%ﬁ o%q}%ﬁe %g%]a
fromthree position detectors 2la to 21c Lch_ar o] S f L oi 0

| C's. Posit§tfadet®BttDre Zﬁ%t?tbl%clsar%e%}xs\g%(geagg%r?hgﬂgt gtgg? Btyﬁ{é%o
interval of_ 120 degrees i ri;cal I Bolen8RaeNtonagnet
provi ded i tH er%gﬁg}gghﬂﬁghgﬁe ﬁg%3¥ﬁ%gQ§gé%%%@$§v%ﬁution, egch of ?hree

position detectors, 21a L9 BdC,gengsabiespashuhsenby the tenimberwal sobf120
degrees in'electrical angle. Controller 15 nonitors changes in the state of

si gnaps fromatideass opsrotihheerypositiontabtectors 21la to 21c. Wen a
change is detected, controller 15 changes the on-off states of the

swi t chi ng devi cghe23@ot i @3fabasedodn adret mdgnanstf ldm POr pesnticealing
detectors 2la to 21c, thereby settin? the U, V and VVterntnaIse%s a

posi tive vedtlageleatzicoconpbongatanidla PPEabPngescaived; ¥dhde HRFErenNCR
magnetic field is formed by supplyin ,thug controlled electric power to
first, secondtaddcihfrdtwihadres 58 ngSC of the stator, thereby rotating

25 the rotor. Fyrther, each,of ‘i fching dey6es,;233,,23¢ 249 23 1hesd
15 controller 15 with a microcomputer for controlling a series
of operations including washing, rinsing, and watef—
extracting processes in sequence as well as controlling the
operation éf motor 5, water drain valve 11, water supply
valve 12, and so forth. As for controller 15, it receives

20 an input signal from input setting unit 16 for setting an
operation course, while it informs user of the input
information through display unit 17. Concurrently, once an
operation is set and ready to start by input setting unit 16,
controller 15 monitors the operation of water drain valve 11,

25 water supply valve 12 and switching unit 20 via switching

unit driving circuit 19 based on the input data transmitted



subj ected to pulse width nodification (PW), and the nunber of rotations of
the rotor is controlled by, for exanple, repeatedly controlling a high and
| ow duty ratio at a frequency of 10 kHz. Every tinme the state of signals
fromb5 at | east one of three position detectors 2la to 21c is changed,
controller 15 detects the period thereof, cal cul ates the nunber of
rotations (rotational speed) of the rotor within the periods and then
perfornms the PWM control of switching devices 23a, 23c and 23e such that
the rotor 10 makes as many rotations as the set rotation nunber. At this
time, swtching devices,23bqe23¢tnd A8l rar edaekcsubigecid watehel vl
control . rrent detector 24 includes resistor 25 connected to an input
termnal qf, Qna i dauef3] e tes £Srand eneredy dsrdeirgtong ei weahinge
coupled to resistor 25. Current detector 24 detects an input current of
inverter ZpedatSionan electric current of nmotor 5! converts the detected
current into a voltage signal; and transmts the voltage signal to
control | er 15. SubSﬂQM£ntim¢,C@wmmabﬂéﬁr15l?OCEEﬁF@ﬁﬁB%éHBA¥?F%Bﬁvérgfon of
the received voltage signal; processes thus A.D copverted voltage,signal as
digital dateomnd comt redrt¥ekl Heg odyenteicadd nbtdr @W??%r%ﬂf"égg DC

notor, its torque i s substantiall roportional to ., jits,i current. ._Thus,
the 25 tor@fecwit nodor P256sh Be dglflgct Ay trﬁe%&?ﬂji%%e? herb(}\L/é)grf ugog?@éﬁg

i nput current of, inverter 23 by curren ecting, 10 1 ..CiLEU] !
connect ed 4%F$%E}%$0Pn2§.ZﬁauﬁﬁFvHéngﬁé ggétgﬁfo cﬁ%gﬁ%?gcég b%gggnguﬁt of
 aundry i n ey {i}h;é@g - pecLELeAl | o tlogundr ysanpusty det&es opc2fiotor

cal cul at es*THe* ano lI'aundry 1n"rotary drum5 1 based on a signal

transmtted ffom cyr raenEtg@BFCtvP.'Lrt}?AftW@%@—bﬁb@'éy #rumdgs s advd ven rodorot at e
at a predé%ernlne rotational speed (e. g., 200 r/mn). Commercial power

sour g 28 xizftﬁo%nesiéélw igaalaRm 23magAed BG spawerd conver t eingmde The of

di ode ‘bridge 29, choke 10 coil 30 end snoothing capacitor 31 for exanple.

It is to bgtator is composed 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 composed

15 of a parallel circuit of a power transistor (e.g., insulated
gate bipolar transistor (“IGBT”)) and a reverse conducting
diode. Specifically, inverter 23 includes a serial circuit

of first and second switching devices 23a and 23b; a serial
circuit of third and forth switching devices 23c and 23d;
20 and a serial circuit of fifth and sixth switching devices
éBe and 23f, wherein the serial circuits are connected to

each other in parallel.
Here, the both ends of each of the serial circuits
serve as input terminals and are coupled to a DC power
25 supply. Further, respectively coupled to a junction of the

two switching devices in each serial circuit are output



noted that the configuration described above with respect to Fig. 1 is only
one exanpl e. Thus, the configurations of brushless DC notor 5 and inverter
23 are not limted thereto. Next, exanples of input setting unit 16 and
display 15 unit 17 will be described with reference to Fig. 3. As shown in
Fig. 3, input setting unit 16 includes washing tine setting swtch 16a for
setting a washing tine period, rinsing nunber setting switch 16b for
setting the nunber of rinsing operations, water-extracting time setting 20
switch 16¢c for setting a water-extracting tinme period, course setting

switch 16 Rt/ payse s tEh 166, r PONEHN OB 8Mi £6hal6f ,t pemeralof fa swi t ch
16g, and ggrﬁﬁbgl%atisp%giw%ﬁ%t 17 ?ﬁcludes washing tinme display unit 17a,
rinsing ntg@%rin%ipplaaﬂ upi ty 1% rovietar - et r agki nghtéeepdaspl ayinding25 17c,
course setting display unit 17d, detergent anount indicator |anmp 17e,

resi dual qperRidtgdliye imd aat ov hadpwW- termifdfls eueberordispllad Wi ta 17g,
and so forth. Here, while water is filled in water tub 3, controller 15
performs @o¥iednieng viodasiyeng) aopeeadi arobyeeplafichg aneéhantéan fdkeecto
laundry in rotary drum1 by rotating 5 rotary drum 1. That is, by applying
rotai$onahé§pen1xneﬁyjchoaamthiﬂ?Qk9qeﬁ%d@??oéﬁrpgg§@%%%Vb$&F%ﬁ%her,
during the cleaning operation, controller 15 operates water supply valve 12
to feed wetvar swittehviat®rdevkees it 23f 1§30l tHeFGibunt of water suppl i ed

into water 10 tub 3 is determ ned based aon the anount, . I ry de ted
by | aundry amoufbedepdcpbf LRCIE M ef Ieé}é‘F i%wha(%hel%q u%lté |c)s(?sde%g§t ed

eached | FRGELITH SYaUrTHG TR El Sani i Sperat ian 16°based oy Cha-amount
of laundrypcgseitteiccgr?ddg¥elc%59gry213éTDE'5t 21c, which are composed of hall
10 IC’s. Position detectors 2la to 2lc are disposed at the
stator by an interval of 120 degrees in electrical angle to
face the permanent magnet provided in the rotor.
While the rotor makes one revolution, each of three
position detectors 2la to 2lc generates a pulse by the
15 interval of 120 degrees in electrical angle. Controller 15
monitors changes in the state of signals from at least one
of three position detectors 2la to 2lc. When a change 1is
detected, controller 15 changes the on-off states of the
switching devices 23a to 23f based on the signals from
20 position detectors 2la to 2lc, thereby setting the U, V and
W terminals as a positive voltage, a zero voltage and a
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
25 the rotor.

Further, each of switching devices 23a, 23¢c and 23e 1is



detector 27, as shown in Table 1. Table 1 LaundryAnmount Anobunt of Water

Suppl i ed0 t02 kg50 mmR2 to4 kglOO0 mmd to6 kgl30 mmb to8 kgl50 mm Here, the
anount of water supplied represents the 20 depth fromthe | owernost point
of rotary drum1. If laundry amount is detected to be large, the soiled -12
| aundry can be washed nore effectively by using a | arge. anmpbunt of wash
water. |If the laundry amount is small, on the other hand, the washing
process can be performed by using only a snmall amount of wash water.
Therefore, the 5 water level is set to be | ow when the |laundry anmount is:

al so smal |y, Eur tt*é%lr ,t&oggﬁwé'@id%ﬁ r8a;detaet ohhe miol)at | nal tBé ahembér
| aundry in ter using a current value of notor 5 which is

detected By Cf‘éf@f‘ioﬁ@t et 0fn24 BHdmMyi bhe okt :dldand ngyopeff@t | eramphecase
notor 5 is a brushless DC notor, a torque exerted to notor 5 is

subst ant i aldpe afeenor t icomalrotld itfe Aot bigburzedt hew uedutthussatiifo t BE carrent
value of nmotor 5 transmitted to controller 15 is high, it indicates that a
hi gh | oad fiteangue)y | of eX8r tkéld .on Evstryr Bime f thpe sEB8 rQ%nFlQQPh% 6F %ot or
5 transmtted to controller 15 is |low, on the other han% g%cates t hat
a smabl | @dd Qeéﬁque9n¢sCéprhéGeonP%%%6¥O% AHETRHE ¢ ﬁ@en?o
notor 5 is high, it may be taken as ha glng | ar anDunt ( or xaaﬁ
kg to 8 kphzmest Ia@r%‘rt)ﬁoi W &fat ef 2t updat ?tﬁavﬁ%be §i§ teh |s
capabl e of absar bi n eaté even agy QH (L8r +n
exanpl e, Q%PE?£QS %ﬁr§£|fg %Flopg &r?% Fggée he Igunéry type
aiich 15 o ABLeofnafsorl r 1942 HERAL EAs basOMBaMMEeh heavi er
than its Bﬁ? %@%a&Q§WQFFCd% absor§ ?ﬁ much wash water. Thus, a
greatert(%ﬂ“@w?@ﬁﬂgﬁa NRGASSA V219, r obat ersdichzéaedhy that the rotor
10 makes as many rotations as the set rotation number. At this
time, switching devices 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
15 detecting circuit 26 coupled to resistor 25. Current
detector 24 detects an input current of inverter 23, 1i.e.,
an electric current of motor 5; converts the detected
current into a voltage signal; and transmits the voltage
signal to «controller 15. Subsequently, controller 15
20 performs an A/D conversion of the received voltage signal;
processes thus A/D converted voltage signal as digital data;
and controls the motor 5.
In case motor 5 is a brushless DC motor, its torque is
substantially proportional to its'input current. Thus, the

25 torque of motor 5 can be detected by measuring the value of

the input current of inverter 23 by current detecting

-10-



-13 contai ning a considerabl e anount of water. In contrast, when the
current value of notor 5is low, it may be taken as having a small anount (
for exanple, not greater than 2 kg) of laundry in water tub 3 or otherw se
as 5 experiencing a condition where laundry is floating in water while it
IS being agitated during washing. Herein, a laundry floating state refers
to a condition where |aundry does not contact agitation blades 6 even

t hough rotary drum 1l is rotated, so that only the rotary drum 1 rotates
while 10 the laundry is floating near the surface of wash water. In this
state, it es~gdi .11 cul : iscal forces on such |aundry,

t her eby nﬁgﬁﬁggﬁtzgl cho:ng%lcitetdg té%???(:étlirg\%glri;@rf)emve dirt fromthe |aundry.
The laundry flop{ing, $t alGoQREUr e ¥bERoE he2 AMDAGE e Of s 15t hashamatet | f
greater than the optinmum | evel or when the laundry is nade of a fabric type
whi ch does nalrabsonb ¥etefyverdumvelll.. Hopewdrtidatlliys séaetdmgs possibl e to
have an unusual case where the current value of notor 5 is |ow even though
t he amoungegkdtaundy dalcowlatys dthen dmpsnkaprde.laPedr30 igx ahl &ty sUen
aberration occurs when |aundry rotates synchronous with the rotation_ of
rotary dramHUaséd loaundr s iootedt esranget hbedwifeny otakyeuk ufeteatied 14tindry
is subject to mnimal agitation necessary to wash it effecti e{; that is,

| aundry ambiesl esotdny neraRd Jpos$t AEAYear & hot O tRbRiged & W?ﬁe %grﬁjer&? to
rotary drum 1 during the rotation. (ﬁf aresult, the |oad exerted on notor 5
becones sidtdionid IREed (e Sur rett VAHIY of motor 5 is reduced. This

e S, LR MO 9 g et

phenonenon when I's1 arge, occurrence depends on

how to | aundr Y, PHE biggtwgrr A Ve Ardm ol e Ofp 0B £t g Jdaresy igduad j t Epskef

| aundry. As“dedcr | the rotational state of laundry in rotary drum 1l can

be asgessed hasad O thHRcyahiggOkapHELEAE BN HBLOExEm@UEi.NgItheswashbag
procggs. (Iizf}rl‘tqh Qﬁrilﬁcon%i deri%g tﬁe | aundry anount detected by |aundry

amount 10 detectfarcies vehfigheationt daséngbéticabashi ngtbperapeohn, tohe
rotational state of laundry in rotary drum1 can be nore accurately
assessed. Mapl e12 showmnlassessnesramxbepl ovsh, theer cratfiimmatsianse of

| aundry in rotary drum 1 based on the data detected b¥ | aundry apount
det ect or Trugtdleds DC motor 5 and inverter 23 are no limited thereto.

.Next, examples of input setting unit 16 and display

15 unit 17 will be described with reference to Fig. 3.

As shown in Fig. 3, input setting unit 16 includes
washing time setting switch 16a for setting a washing time
period, rinsing number setting switch 16b for setting the
number of rinsing operations, water-extracting time setting

20 switch 16c for setting a water-extracting time period,
course setting switch 16d, start/pause switch 1l6e, power-on
switch 16f, power-off switch 1lég, and so forth. Display
unit 17 includes washing time display unit 17a, rinsing
number display unit 17b, water-extracting time display unit

25 17c, course setting display unit 17d, detergent amount

indicator lamp 17e, residual operating time indicator lamp

-11-



15 current value of notor 5 (at this tinme, the water level is regulated
according to the anount of the [aundry as shown in Table 1 ) . Table 2
Amount of Laundry [kg]8 to 66 to 99 to 22 to OCurrent Val ue4. 0~Nor nal
Rot ati onNornmal Rotation-------- of Motor3.0 to 4.0Nornmal RotationNorna
Rot ati onNormal Rotation---- -15 A2.0 to 3. ONor mal Nor mal Nor mal
----RotationRotationRotationl.5 to 2. 0Synchr onousNor nal Nor nal

Nor mal Rot ati onRot ati onRotati on Rotationl.0 to

1. 5SynchronousSynchr onousNor mal Nor nal Rot ati onRot ati onRot ati on Rot at i on0. 5
to 1.0---SynchyameysNargmlRotatitonRey atdin@ D faxth 5 1---- 1---- | |

Here, while water is filled in water tub 3, controller
15 performs a cleaning (washing) operation by applying
mechanical force to laundry in rotary drum 1 by rotating

5 rotary drum 1. That is, by applying rotational force or
frictional force to laundry, dirt is removed.

Further, during the cleaning operation, controller 15
operates water supply valve 12 to feed water into water tub
3. At this time, the amount of water supplied into water

10 tub 3 is determined based on the amount of laundry detected
by laundry amount detector 27.

The water level in water tub 3 is detected by water
level detector 18. Controller 15 regulates the water level
to be reached in water tub 3 during the cleaning operation

15 based on the amount of laundry detected by laundry amount

detector 27, as shown in Table 1.

Table 1
Laundry Amount |Amount of Water Supplied
0 to 2 kg 50 mm
2 to 4 kg 100 mm
4 to 6 kg 130 mm
6 to 8 kg 150 mm

Here, the amount of water supplied represents the
20 depth from the lowermost point of rotary drum 1.

If laundry amount is detected to be large, the soiled
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Detection of laundry floating state, which causes deterioration of cleaning
efficiency in removing dirt fromlaundry, is inmportant in nonitoring the
rotational state of |laundry. By detecting the laundry floating state, a
control 5 for correcting the laundry floating state can be executed, to

t hereby enhance the renoval of dirt fromthe |aundry. As described above,

| aundry floats near the surface of wash water under at |east one of two
conditions. First, the laundry floating state is caused when the anount of
wash 10 water in water tub 3 is greater than an optinmum |l evel with respect
to the ampynt jof, |aupdny ggeaRd, fdve | urdior ifleQat i By Stsitey can Bdsge occur
when | aundry 1s”“made of a material such as synthetic fibers having a poor
wat er absgrBi,Ag RIOPEELN. wiaftethe cuf rent vahuwelref imeumpt as isseald,found to
be low with respect to the anount of |aundry, it neans that at |east one of
t he abovethwo semgit iensi hashbeemasiing gatdcHfdsedcafihuss plee fokagdd by
portions in Table 2 may indicate the |laundry floating states where the

agi t at i onubliadesoioy nat sfid bt iaweluptconf ave sbhewd temdr y Theinaf ak@shete The
possibility of having laundry floating state due. 5 tg the first.condition

i s grieat| yaakfredtesg byl 2 e tdeteRe d@“ﬁd@tﬁ%c@h%fl?%‘g’wyaﬁ%ﬁﬁtlile? tfor
27. For exanple, if laundry detector 27 estimates the |aundry anmount as 2
to 4 kg dé8@ilte the actual amount is actually smaller (0 to 2 kg), wash

t i lied to 100 i T 0 LS. i
oreator thartt hErbRene Fonramiirey 1 one Al R f fpnd Opdba g 8RR TL ebBe BVED
h ter. h, b i der.i t
Nt oo gy | 1Y REREOELRDS bIC WAEF ] ML ARG S 80 bAURSRYr
if the ”D%Prw%ﬁ%&gnﬁavahgﬁekﬁehomb¥itcﬁﬁr@§§eﬁﬁﬁﬁhé¥bﬂf5213VH®&i@g|aﬂﬂdry

floating state. undry tloating state due to the second condition

f reqqﬁgnt | Yo 10661, yeshi ng Gl atdes i sh Bres naderabhléss BRanpter,
synthetic fibers and the | aundry anount ranges fromO to 2 kg

appr oxi mateltbrdue tdksreasdetothetorchrienseb20antibalmdeyobbssirnglstate is
determ ned by considering the current value of notor 5 within such range of
| aundry anthet moThat ¢syréeftt halweundr Fhasount £ r &hfesCRESAND 1Y% g%and
the current value of notor 5 is below a gredet rmi ned, val ue, i,t coul

i ndi cat e thet@xi 8t sFENGMItHESArEP f FRREF PGl et ate. lfSEiT:jcﬁl?heiLl,c &8&9?8#& 15
can access e LoLALONAL 8 AN e AU S L ATERATSIR RALLR VA e T EURNE
15 current value of motor 5 transmitted to controller 15 is low,
on the other hand, it indicates that a small load (torque)
is applied on motor 5.
When the current value of motor 5 is high, it may be
taken as having a large amount (for example, 6 kg to 8 kg)
20 of laundry in water tub 3 or having a laundry type which is
capable of absorbing wash water greatly even though the
amount (for example, 2 kg to 3 kg) of laundry itself is not
so large. The laundry type which 1s capable of absorbing
water to a great extent becomes much heavier than its own
25 weight because it can absorb so much wash water. Thus, a

greater torque becomes necessary to rotate such laundry
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in the values of notor current detected by current detector 24 during the
washi ng process. In case notor 5 is a brushless DC notor, a torque exerted
on notor 5 is substantially proportional to the current value of notor 5. 5
Thus, if the current value of the notor 5 transmtted to controller 15 is
high, it indicates that a large load (torque) is exerted on notor 5.
Conversely, if the current value of the notor 5 transmtted to controller
15 is low, it indicates that a small load (torque) is applied on notor 5.
10 Thus, based on the fluctuations in the current of nmotor 5 which is

rotating, .the rahall analorslialed 0 d amedint ean weeedaterm ned. Al ternatively,
the rotational stat'e of |laundry can be assessed by using the anplitude of

notor 5 currenti@scshevasitn Fhes. t4A andréBt Yalas sifowvtor B gis 4BWif the
fluctuation in the notor current value is small, it may inply that the
change injtthe.st at€@ ehkkaadsexartiedy an swadbt Bmpunal sid osnedF3mmike chaF so
nmeans that the laundry in rotary drum1l1l is rotating while maintajning its
current sigated vt hown chang) nof florundend Rovgost tFensS ref aFIertbS? ofdry
drum1 or only the rotary druml is rotating while |la ndry.is roat%ng in
wash $vat erexpesridirsciuss et peeei buehywheret REURSEYr 1ur VA ut? h48* gt eat
anplitude synchronous with the rotation of rotary drum 1 as 1_in Fig.
4A, it maywhiddi cdtte, ithabeiRé IéﬁhH??ean FOTLRPY WU 1 is§%?§%8f|yg
rotating to be properly,subject to shin ti fothe LAl Y190 vAS
descri bed,1apdng 818@ éegiﬁga&ﬁelé ﬁﬁ%u%% eﬁg%é%tﬁikeﬂé%or curren
synchronous with the rotatiqn. Lataky dieumel, o fde $10b@dh opatastatieunf the
| aundry céﬁ“ﬁ% %%Eeggggagkdggﬁg%gfghlg%ﬁy? t he 1aundry ??oating state,

which is i t actyy duu hen Mashhag repenat iddum canrbeapespehliye
det ect ed. g??élggﬁgggﬁfp bet ween thg@laundry anount, the anplitude of notor

curregt and & he,ne4ali enalrislatiegonddie dlaundiyfase i bfusasat edtien - Tabke 3.
Tabl e 3 Amount of Laundry [kg]8 to 66 to 44 to 2 2 to 02.0 ~Nor nal
Rot at i onNogwms Resati onNonslones -diRdtiatilonlt & @ppRy ONeehaniRatatfics/REr nal
on such laundry, thereby making it difficult to effectively
remove dirt from the laundry.
The laundry floating state occurs when the amount of
15 wash water is greater than the optimum level or when the
laundry is made of a fabric type which does not absorb water
very well. However, it is sometimes possible to have an
unusual case where the current value of motor 5 is low eyen
though the amount of laundry in rotary drum 1 is large. For
20 example, such aberration occurs when laundry rotates
synchronous with the rotation of rotary drum 1. If laundry
rotates together with rotary drum 1, the laundry is subject
to minimal agitation necessary to wash it effectively, that
is, laundry articles’ forms and positions are not changed

25 with respect to rotary drum 1 during the rotation. As a

result, the load exerted on motor 5 becomes smaller and the
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Rotati onNormal ---- RotationAnplitude A1.0 to 1.5Synchronous Rotati onNor nal
Rot ati onNormal Nornal Rotation Rotation0.5 to 1.0----Synchronous
Rot ati onNormal Norrmal Rotation Rotation0.0 to 0.5-------- | 10 Further,
controller 15 can determine the state of laundry in rotary drum 1 nore
accurately by detecting both the absolute value and anplitude | evel of the
not or current during the washing process. Mreover, the laundry floating
-19 state where the laundry floats in the wash water can be nore
accurately detected when both of the two conditions, nanely, the small
absol ute XG%ES and,sgL! @ephiduste lsevek ofedlieeddt or TRl esyn it areows e
satisfied. I'n Pact, consideration 5 of the both conditions are required for
an accuratgrdet8ati®n ahunke aunghy dHearbbgrgt atmibedauseodf aa was®l wher e
| aundry rotates while being stuck on rotary drum1 if the absolute val ue of
t he not or ppeRbERhoNS eleow aihpr edetwrdrinedmnainte als hol@hdehe Bwpl i ttdle
thereof is small 10 or a case where a small amount of laundry is ]gropfrly
rotating whiche reeicey dexsinats i on cage thelanpPiru@st dvdC j %oy A5
predeterm ned | evel despite the absolute value of the nmotor current is
bel ové t he opr edettdrenitryee sy flruauaMidi ahe ] akithd ¥4 oating state in rotary
druml is 15 detected by the current dgt CtorlZ4 gu iengotfhe g@ﬁ?'&?g in
process, controPferdesCaiifs atPredEPERM-ABAanBuft of fashowater from
wat er tub 3 by openi ng water. drain _valve in .05 fh L oM apy PPEHFUM
amount of SRESH Yne™ i h QRE ePSt ﬁﬁsgss?ﬁleb;a#ggntoq%ﬁ%e ar a|é ned water is
Controllequaﬁﬁﬂx%p 5 during the washing process. Further, by
considering the laundry amount detected by laundry amount
10 detector 27 as well when initiating the washing operation,
the rotational state of laundry in rotary drum 1 can be more
accurately assessed. Table 2 shows assessment examples of
the rotational state of laundry in rotary drum 1 based on
the data detected by laundry amount detector 27 and the

15 current value of motor 5 (at this time, the water level 1is

regulated according to the amount of the laundry as shown in

Table 1).
Table 2
Amount of Laundry [kgl
8 to 6 6 to 4 4 to 2 2 to O
Current 4.0~ Normal Normal ———— ———
Value Rotation Rotation
of 3.0 to 4.0 Normal Normal Normal -
Motor Rotation Rotation Rotation
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20 the water |level detected by water |evel detector 18. For exanple, about

50 mm of
from 150

wash water is drained by |lowering the water level in water tub 3
mmto 100 mm Alternatively, the anount of the drained water is

controlled by controlling the tine period for draining water based on 25
the current water |evel as shown in Table 4. -20 Tabl e 4
Amount of LaundryTi ne Peri odf or Wat er Drai nOt o2 kglOseconds?2t 04
kg20seconds4t 06 kg30seconds6t 08 kg40seconds Further, if the presence of the

laundry floating state is detected again based on the current v of
not or 5 opt aijned |Byocuy sept| debesdior 24 wfrher perfessang tthe wat-er
of

dr ai ni ng

wat er dra

pr ocedurie, water drain valuel 11 is opeped again do that so

remai ni ng| wash water is dr3ai nedaficeam &fatieth B. RItmttions,| by execut|ing the
ni-ng operation—mtd Hps—hr—easerthe—free—rotatt+onal—state
BRAEHL cdoes

of the rotary drym.ehese.bs natorgeht a¢t Hgiradt i qn lead®ls 10

properly
state"),

it is possi
is correc
15 drai ne

dr ai ni ng

on-of f operating thewater [drain val VE_at . spec! i

herei nafter the dqondition is referred|to as "frege rotapional
s not qorrected hy Iﬁﬂatnnﬂ1ngR@h@iwateertﬁﬁnhng ofggehtdton| once,

5i bl e t ¢—wake—stra—that—thefreerotationat—stategof —the taundry
ed. |n|aadhtofl.thSyneimnods piynchreierecedlipes! t he dlPsUnt of water
I is controlled by the sane hethod as éenployed in the first|water
bperatidn. That isg, RHetifount Refather el &P’éﬁi‘é& ils RGAETY 1 ed by

jllcvel s detercted by

the water |l evel dét-@ctor-28 such™that ?%ﬁ ol |eddbé8 from 20
for exanple, 100 {nm down tgq 80 mm Al natlvel S N ¢ . Of Wg;er
drained can be cgntrolled by regulatih %e %1 _gf r_operating

wat er draifn val ve 11 W%Fg 0
the amount{ of watlet %dF@i%ied is different dependil

in which

limt in

in water

10

15

dral ni ng wat er for af

the watgr drain is| being dong. Ther ef O GEGEGE_—cG_G__e—"
fhe nunber of multli pl e draining proced G

tub 3 fLpELPebAg 5enPhehaliyydr 2iD8dings kthts] rakRedchn Tabbes 5.

deterioration of cleaning efficiency in removing dirt from

laundry, is important in monitoring the rotational state of
laundry. By detecting the laundry floating state, a control
for cdrrecting the laundry floating state can be executed,
to thereby enhance the removal of dirt from the laundry. As
described above, laundry floats near the surface of wash
water under at least one of two conditions. First, the
laundry floating state 1is caused when the amount of wash
water in water tub 3 is greater than an optimum level with
respect to the amount of laundry. Second, the laundry
floating state can also occur when laundry is made of a
material such as synthetic fibers having a poor water
absorbing property. If the current value of the motor is
found to be low with respect to the amount of laundry, it

means that at least one of the above two conditions has been
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Tabl e 5 Amount of LaundryRepetition Nunber of Water Draining OperationO to
2 kgl2 to 4 kg24 to 6 kg6 to 8 kg Operation of the washi ng machi ne
configured as 10 descri bed above will now be described with reference to
Figs. 5to 9. After loading laundry into rotary drum 11, power-on switch 16f
is turned on and an operation course is selected by using course setting
switch 16d depending on the |aundry type. Then, once start/pause swtch 16e
is pressed in step 15 100, the operation of the washing machine is started.
First, controller 15 rotates rotary drum 1l and detects the anmount of

laundry iQ E9kasxqdrumdn by, using |snudky gotntordet eiot orT&Yle nst eprad0l. In
step 102, ranking of the detected |aundry anmount is 20 determned fromO to
3 by everyndikgteThehamiwundmomobtding?2 st &gy iwhergnkebeasaPitaL iR 4 kg
as 1; 4to 6 kg as 2; and 6 to 8 kg as 3. Then, based on the detected

| aundry abtades dor equi eddearmwetl yolcoasresitgdhe ilauaiddy Bfed Dy r
display unit 17g while detergent anmpunt indicator |a i

then the mashiH§h©p@paﬁﬁ@ﬁlﬁ§Ypérﬁohﬁﬁé?ng#“%¥HﬁblEfg?%ggﬁggégangﬂﬁgd
h vish 1 Gier a4 | @Rt bRacH R ERG -ePCPEs SPaliry) SrBthI2e bhon
SUpply vaPRESEEE Bherdin S ( HEPRASHIRA LT s 27| | od 't n MATBr Cub s up
amount {5 JUPHEY (MRS T ovEr EoEEE (o pe b bhiTe T te cetto be

| ow when t ' |4 400, $®iDIeh (S 46 Zrkyen to
gy&%&{}%@iﬁ{%%rbdasl st int |95 St@pudDty eb y

rotate rot ereby 1nitiating the washing (cl eaning) operation.
During t he,£dipaph fgr ORGr afi g i Wt @p T d SLO®t Aiedis nslowh odkwi b land!l -
countercl ockw se direction alternately according to a timng chart shown in
Fig.18, tordheramunotod eevon agyedtem thahi teanl aetnalilvg r2quiheds ot A% i onal
direction thereof. In step 105, operation of notor 5 is started. Then, in
step 106, 4 trésulheckes Whentiey Blpateeier AhfedashnidapeLi-odRef BHCBxal¥l e, 3
seconds) has passed after starting the operation of notor 5, If the

pr edet er mi s tdemiper i Hehagletection accuracy of Taundry eamount

detector 27, if the laundry amount is detected to be 2 to 4
kg but if the motor current value is low, it is assessed as
15 having a laundry floating state.

Laundry floating state due to the second condition
frequently occurs when washing clothes which are made of,
for example, synthetic fibers and the laundry amount ranges
from 0 to 2 kg approximately. 1In this case, the occurrence

20 of laundry floating state is determined by considering the
current value of motor 5 within such range of laundry amount.
That is, if the laundry amount ranges from 0 to 2 kg and the
current value of motor 5 is below a predetermined value, it
could indicate the existent of laundry floating state.

25 Further, coﬁtroller 15 can access the rotational state

of laundry accommodated in water tub 3 based on fluctuations
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25 el apsed, the process proceeds to step 106 where the current of notor 5
is detected by current detector 24. Since the -23 starting operation of
notor 5 requires a torque (starting torque) greater than that needed to
rotate notor 5 while running, a greater amount of current flows in notor 5
when starting notor 5. Figs. 4A and 4B describe the 5 rel ationships between
the tinme el apsed after the starting operation of notor 5 and the current
flowwng in nmotor 5 during the rotation of nmotor 5, respectively. Since
there exists an overshoot in the current flowing in notor 5 for a

predet er m; fednbi KR IRRAYY OskF (£i8F oexaupkent 3deceahdsl) baf tarr tent 1deREFAY ng
operation of notor 5, the current can be stabilized after passing of a
predet er npaeddtik fRgpethed W&slserpnds)ocehre | evBt MRFE h&atdte 8f the 2
overshoot vary depending on the starting control method of notor g Thus,
the tinme begshiedsto 1t abidte t he cBPFERE ofXABEEH 5 Woul™SPHso A5 Hf ffer
depending on the starting control nethod. . Accordin |%:the,§£rﬁggé¥ i he

st abi | i zasiubs tehtilRd IptroRAFF 2t stQetPEnFBEGRME tA1A1° eXpell nent” or t he
| i ke after determning the starting control,ne I : ect the
r ot at$ onalfhasat el bf thgun‘b‘ﬂ/r‘?%tr&agﬂ? ﬁ%mkﬁed%&gdgrtﬁe%ﬁsﬁl;{t% %%
notor 5, the current qf. nptor. 5 shou Qf 14 e ungt i | 8 1load
predeterm9%9§qﬂ%%§rbe ﬁodlﬁashéﬁgpse%gbgggﬁggit e gﬁgﬁén?'véﬁﬁg of notor 5

during the starting co 0 3l ways agauwaialy, refl esé therent
rotati onal(ts?tré:{uéa’)o%%aﬁ%%?ge?ngﬁoﬁgﬁtf drum 1. 25 In, %t ep 107, the average

current valyed me amg thatcf | oWsr dushNerédec s ot ettt ool Dérnbbods51ps, it
detected. 1t ~24 soneti mes happens that the value of the current flow ng

in motor 5 suddenly ehangesshader 1vad duorepredi tisorspghibddecnenpyered-t o
the detection circuit, mnute change in the rotational state of |aundry,
etc.lo Furtihes, Bssslowm ith® Elgstuapdiand 4B the eurrert Wi vB¥PHweng in
notor 5 is changed synchronous with the rotational periaod of rotar grum 1
(I aundry netimmsiso datatinia, athet acdagfiosedr ottalye dPGmO]la s %?1% ©
revol ution). Accordingl the rotational state af |laundry, in_tot um 1
can be evﬂmwm@dusiﬁgtﬁénﬁﬁévﬁié{n \Fgleuemd:fattll?élag]w?%%?eof)rfm%tgg%dggl

equi red {60 M CR55T 5 inke GRE PosBRuTbny oe 6r OIS Curkef asri of

shown in Figs. 4A and 4B.

15 As shown in Fig. 4B, if the fluctuation in the motor
current value is small, it may imply that the change in the
state of load exerted on motor 5 is aiso small, which also
means that the laundry in rotary drum 1 is rotating while
maintaining its current state without changing forms and

20 positions relative to rotary drum 1 or only the rotary drum
1 is rotating while laundry is floating in wash water, as
discussed previously. If the motor current value has great
amplitude synchronous with the rotation of rotary drum 1 as
shown in Fig. 4A, it may indicate that the laundry in rotary

25 drum 1 is properly rotating to be properly subject to

washing motion of the rotary drum. As described, by
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A nmethod for obtaining the average current value Ino avg will be described
hereinafter with reference to a 15 flow chart in Fig. 6. In step 120, it is
determ ned whether it is tine to detect the current of notor 5. If the
current of notor 5 is set to be detected every 0.1 second, it is determ ned
whet her 0.1 second has passed after the previous detection. If 0.1 second
has el apsed, the process proceeds 20 to step |21 to detect the current
flowing in nmotor 5. Before passing of 0.1 second, however, the detection of
current is not perforned and step 127 is executed to term nate the current
subrouti ney_ . 1 a tiaqgRyeS| gnale COr IS poHeng ot cx 25caur epnt

val ue of E%?ﬁgﬂékggteg%zd gﬁggﬁ}rent detector 24 is transmtted to
controlIe%yg%hﬁaﬂxdgnﬂwfﬂﬂertﬂé cabedtavrs af- 2xotamt ordmumreht veh&e | no
fromthe input voltage signal. In step 122, controller 15 then adds the

det ect ed mRftrt iGHdlentstdale ¢ ttiee subamidion ofamptbe cassensedal @eg, | sum
for use in obtaining an average current value. At this tinme, 1 is 5 added
to the sumpmitiionilenint, Gthd okawndry i Hpahinquebete of WBliffmt Form™BPERENt Then
in step 123, it is determned whether it is time to calculﬁte tge gvgrage
currebt vafamoFoihekhrplvwashing hebewak beRr cGRPeft® VBT oReT5Y sEETEGTHB-

obtai ned every 2 seconds as described above, it is firﬁt 10 dﬁ&g&ggngg

whet her 2 A eedheisi pagsh bask88"EE et DEhd ASCTYatd P t W8S pFBYT 6L By er age
current value. If it is found, that secon h | apsed,. .t ss <t hen
proceeds t#PsepCisFeRfrerd Gn teVerty a%lu?r%ag‘flt S\%%It%e (gf %Fo?f?%o%gsﬂss

cal cul at ed, ainraggéointgaggg Lapse of 2 seconds, however, 15 step 127 is
conduct ed & T he* tUF reft - SubFoufine is termnated. In step 124, an average
current val ue ofp_gRtors Imo_avg is calculated fromthe sunmation of notor
current values_lsumand the nupmher of su i j

formula: Iimo avg - Isum Ct. After obtai nphguithe Bvernadeyclikalent val ue of
: Y
notor Ino favg in step | 24, thelsunmation—of potor—cur+enrt—valrues—tsur—4and
t he nunber|{ of summation steps & sake €l epred tonastep 125 2n ¢rdérta § obtain
a next aveprage current value of rpter—FHhereatter—r1a—sraH—taundry—armount
25 assessnent 1 tin ng Zoi adi cat ivvgméi m pg ¥oomad simal Notmadndny anount
assessnment| is set by obtaining|the averape current |-26
Rotation Rotation Rotation
1.5 to 2.0 Normal Normal Normal ———
Rotation Rotation Rotation
Amplitude| 1.0 to 1.5 |Synchronous Normal Normal Normal
A Rotation Rotation Rotation Rotation
0.5 to 1.0 ———- Synchronous Normal Normal
Rotation Rotation Rotation
0.0 to 0.5 -——— -———-
10 Further, controller 15 can determine the state of

laundry in rotary drum 1 more accurately by detecting both
the absolute value and amplitude level of the motor current

during the washing process. Moreover, the laundry floating
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val ue of motor in step 126. Then, the current subroutine is term nated.
After the flow chart in Fig. 6 for obtaining the nean val ue of the notor
current is finished, the process goes 5 back to the flow chart in Figs. 5A
and 5B, and a small |aundry anount assessnent 1 judgnent is performed in
step 108. A flow chart for a small |aundry amount assessnent 1 judgnent is
shown in Figs. 7A and 7B. In step 130, it is determ ned whether the
termnation of a small | aundry anount 10 assessnment F is set. If the
termnation of a small |aundry anpbunt assessnment F is set, it is

i nter pret ed J-hatHaundme S| siadey of 1 s nigh aclserakd slanoame r hasn beenmat e eady
detected and laundry floating state is being corrected by draining wash
vat er fromasairei diyb G isemesdlwiéngsoth haf tlse thatcandibipngp hauadyy
amount assessnent need not be performed again. If the term nation of a
smal | | auntiey smolht akssdsseenvalué sasdt smad prBRbitugted a6 ist@h 42 and
the current subroutine is termnated; if otherw_se,_step 131 i erformed.
In step 13btdraumdryertswatlaieofarrviagialsfgrl 26 ahdtht FQ“&é?‘EEP%&OBnd it
i s determ ned whet her draining of wash water is, now bgi ng erfgrgggaEQ
corredt tIef | dutRlr yoPtBat FREG{EACES | Ri&asd WHiMihg of “wash water s now

bei i ed t, th t 4 t

cubr Qut | NS AIGOFOR T ShEFPAFRunary AMgurt 3 s 955080 A Huring
which th | I t o ' hi
{ime. - 27 “B5e GIANIRY O CHRCE: TS 0P Bang REVY orre FEY | o At o1 mened

in step 1%§K¥he§Q§5 g.gmal L laundry ampntyassesseRhtedeti BkNgbElbs sat. A
smal | | aundry annun% assessiment 1 timng Fis a flag representing that an

average 5 curiend yahae 9108t @n thidmgay g Husamernt wik athedeoff ishemilldg i s
set, it ans that a new average current value of notor Ino avg has been
obt aiged, & thatakke phecessagoemllo simepni33ofn badedryo iger Paowes 1ymal |
| aundry anount assessnent 1. 10 In step 133, a snall laundry apgount
assessnentrdtitimogwRile dearediishetekn @asectih. ampbhtude; de¥gdedsSto a
total nunber of assessnent representing the total assessnent nunbers qf a
smal | | aungvgvansurnredeeesnbned 1 leved. despkts t £BR Ut VAUt &F of
detecting a average 15 current value o step 134.

h not or, | no avgh in
Ther eaf t erthe mm@tep ¢85rept i BELEFntAEIPRASEREF™ERE S JPrEStly obt ai ned

t | f t | nD: is | th t i ned :\al
average curren v%géﬂeggﬁugoadf{darygegfé’gtﬁ% Qe ¢ 3opeegeten ned jeal ue

(for exanple, a age current value o tor Inb avg is

equal, to of hapg,, 1.4, 20 drit caselched agpdryuamByntchs Simding
relaﬁﬁve t%e%ﬁéégénun d?h%aéﬁ%ﬁ%ter and? t hus, the Iaungry floats on the

wash water,, 3..0ad (LHALGHE) c@Xernst @eaqh sTRl @redlcardnd neid feerurfd @ ngidn
notor 5 are both reduced. Accordingly, if the average current val ue of
mot or | no- a¥geks flrowerwdt@n aub 3 by opening water drain valve 11 in
order to allow an optimum amount of wash water in water tub

3. The amount of the drained water is controlled based on

20 the water level detected by water level detedtor 18. For
example, about 50 mm of wash water is drained by lowering

the water 1level in water tub 3 from 150 mm to 100 mm..
Alternatively, the amount of the drained water is controlled

by controlling the time period for draining water based on

25 the current water level as shown in Table 4.
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. 25 predetermned value, it may inply that laundry is floating on wash

water. In such case, 1 is added to the nunber of -28 smal | 1 aundry anount
assessnment CT in step 136. In step 137, it is determ ned whether the total
nunber of assessnment CT is greater than a predeterm ned value (for exanple,
20). Since the anplitude of the average current 5 value of nmotor is
different according to the rotational state of laundry, it may be difficult
to decide the occurrence of |aundry floating state by nmeasuring a current
val ue only once (for exanple, neasuring a current value during 2 seconds)
and there is aggncern that the laundry's 10 state is wongly estimated in
such a case. Therefore the rotational state of laundry-—can be nore

accur at el yagatgeted Eé(uﬂ@{:?Ctl'ﬂ'hgnémelwrf@ﬂtWaﬁ@f mxaiwl £, 20 times

(i.e., 20 revalutions in of det ecti-hg—a—current—valdel every 2 seconds
wth notor 5 a§ @or@tRgi onal | speed of 30 ls/e@brm)ds If 15 a apsessment of a
pr edet er ti-nednumber—has—beep—perforred—+t—+s—determned— n step 138

whet her fhe | aundsy4fkgats oh the wash2@atsecondis t he nunber of assessnent
has not Been—+eached—howevers—the—current—subroutinmeTs term nated and .t he
detection of mbtoo 6ukgent is continuedl 2@CoRd$tep 138, it is deternined
whet her the—furber—of—smatt—Taundry anmount assessiment Cl 16 greater than a
predeterrn' ned Gat@le8(¥<9r exafpl e, 19). 4% Steﬁé’né\?erage current val ue of

not or i s found—to bebetow a predeterm ned. I €vel edet er m ned
number of ti mesFwrtherespécthes I SERES Sthalthfun %‘f g@%@%ﬁ% At S t‘?? is
determned that a |aundry floating state. occurs,

T % 1y ﬁ% 9%
e.g., -291is adekeeteforEitr PapEY OYetBPm AR Rt V2 Y §u §at i hg
state occurs if t aver.age_current valu of ot Jd.5 Jou r
than a pr é’d’é:taéf‘rﬁégekayl 8\%? ﬁ%re e'tei:h i Lllm%ggg%m r}(ﬁJ m%s 60)1? ﬁ%&%\gt al
nunmbeg of as 5 d 0gti1ng sthaties i Spset@chiedinassmal |
I aundry amu%l%%%raeggg%%é?élpgt eﬁ’l“%g 51¥1“31];L'%1h§talaundrly lf oiﬁil ng stgt:énl 2 not
detected, si8p Jd3% i srskipnediagdwakap W@ v s effnimedl. £+omskepsr 14Gband

141, in order to detect a next small |aundry anpbunt assessnent, the nunber

of small |nundryhaeouns, 1ByasesesuenhgCTthed waeert odala imimger opkrassessment
CT are cleared, respectively.
multiple times in case the free rotational state of the

rotary drum where laundry does not contact agitation blades
10 properly (hereinafter the condition is referred to as “free
rotational state”), is not corrected by performing the water
draining operation once, it is possible to make sure that
the free rotational state of the laundry is corrected. In
each of the water draining procedures, the amount of water
15 drained is controlled by the same method as employed in the
first water draining operation. That 1s, the amount of
water drained is controlled by on-off operating the water
drain valve at specific water levels detected by the water
level detector 18 such that the water level is reduced from,
20 for example, 100 mm down to 80 mm. Alternatively, the

amount of water drained can be controlled by regulating the
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., After the conpletion of a small |aundry anount assessnent 1 judgnent, the
process goes back to the flow chart in Figs . 5A and 5B and a water drain
control process 15 is performed in step 109. Referring to Figs. 8A and 8B,
there is provided a flow chart that describes the water drain contro
process. In case the small |aundry anount assessnent is carried out, a
predeterm ned anmount of wash water in water tub 3 is drained such that the
| aundry 20 floating state is corrected. In step 150, it is checked whet her
the term nation of the small laundry amount assessnent F is set. If the
termnati @ f LReisRml kokaupgeyaaMmyntyassessd®iin F vl w2t ,11.he vetien
drain control process is ended. Then, it is 25 determned in step 151

whet her dirgiaiidigd ofaseml kolkaundsye demamiifed st see. plefriddai nig afiowat er is
bei ng perforned by -30 detecting laundry's state of having a smal

amount, the pnecess piredeeds tie steffiSénto depehddegt henwat er gdr ai bliérg
operation. If draining of water is not being perforned, on the other hand,
step 152 icoreiecigredint ovifetler thimewakher héradns5lsnaeinpadaiey afbeheiEes
set. If the small laundry anmount F js set, steps after st 158 are,
per f obmed thetiani s agd #0@ea fiimy- topkh abhBnDUTbeEh@Ts BT T akA Laibitt F

is not set, however, the current subroutine is tergina step 153, the

d. .l
smal | | auRFSCSHRT 0 idv etk P 9P F9F st pvaar ﬁai Ri ﬁf}o?o Sshal |
| d t. F indicati t hat i ni wat i bei f d
eet) Trerdese Y Rk ol (LA YT 1S S0 o opar ated by

controller 15, &g%ﬁ%b% starting a water draining operation. In step 156,
controller 15 kéeps operating water 15 drain value 11 to thereby continue

the wat e%[draiAmo'ﬁgxé:O%%" atign. ThReRethiRiSheRukBér b Watdet eEimedgwhet her a

third predetermned tine period set for the water draining operation has
passed. Wth theadmpse of the third predetergpbeedttione period, the wate
dr ai ni ng (opera Lon._i 0 = i a h e hivrd n Ay P oy

BT
)d i S

set based on tthecamowrt of |l aundry detected by | dundry anount detector |27,
as shown j-h—TFable-5—For—exanple—when—water—s—stpptH-ed—to—ahrgh—tevel
because tlhe | @urdryl a&wpunt |is detected to be 25 great, a greater anount| of
wash wat ef—nreeds—to—be—dratmeth—so—that—the—thirdpredetermmedtime peri od

is set to be 30 tB¥ kg

6 to 8 kg 4

Operation of the washing machine configured as
10 described above will now be described with reference to Figs.
5 to 9. After loading laundry into rotary drum 1, power-on
switch 16f is turned on and an operation course is selected
by using course setting switch 16d depending on the laundry
type. Then, once start/pause switch lée is presséd in step
15 100, the operation of the washing machine is started. First,
controller 15 rotates rotary drum 1 and detects the amount
of laundry in rotary drum 1 by using laundry amount detector
27 in step 101.
In step 102, ranking of the detected'laundry amount is

20 determined from 0 to 3 by every 2 kg. The amount from 0 to
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. seconds. On the other hand, in case the |laundry amount is detected to be
small, there is a concern that little wash water would remain if the anount
of the drained water is excessively large, so that the third predeterm ned
time 5 period is set to be shorter, e.g., 10 seconds. After the passing of
the third predeterm ned tinme period, the water draining operation is
finished, and 1 is added to draining count CT for counting the repetition
nunber of water drain controls triggered by the small 10 | aundry anount
assessnment in step 158. Afterward, in step 159, draining for small |aundry
amount. F bs gl 6ar o ldq dial gl ng gguat (g7 dss Heteropnediio dhave ramtited a
predetermned val ue (which val ue is set based on the | aundry anount as
shown in Tgbkeyd) aish 5t epnkh, velked enmunat ideteafteld Thendmmpl dndwnndry
amount assessnent F indicating that no nore small |aundry anmount assessnent
is to be peghereed dmpwsat ¢h Séeprdédt Ssndéspheyeds cequeirgr odkiRlBhses
where the laundry floating state cannot be corrected by perform ng the

wat er draunicorittol wonly cledergsnth aeeerti dadicatios 2BrHRde 'Pn 6t dt’ to
execute the water draining operation several tines. Furth setting. of an
upperS | i mandi rthare tepetictinagmonifEra ofon hesS waté OETF‘&iLén cﬁﬁrr of *#¢P1%qui r ed

[ der t t [ t of t f ' ined,
Gsul i ng the AR G, pEr O MR 28 Sbdi bt 1o, L SREh. O AT ah! 162,

the subroutine for the water drain control .is inat 4 hes pgocess
goes back SupPldzd i HP49%H FHP¢ e PESRIC AR %ﬁ%ﬁn&%%s.%A and 5B,

Referring back, to the flaw tq ] | it 1S fgbesm ned in
step 110 WReETeCh & ef’reAq‘querc ﬁ#v%dnd&wzim%ﬁhﬁg%e%%‘gd. As descri bed

above, since thg &H&L5c29§éaHk9“iﬁ§tP@Eé@rE&meySE@anMBg.mhewnmtnr in
the cl ockwi se and the countercl ockwi se direction alternately according to
t he %bm’ ng,ahar t SiuP k0. vO1vét lassessespahed hersa tbapl eveslhpevadteronigycl e
has been reached. Tpthe notor driving time has not been reached, the
process goEsl latkithowiBest embl(¥ o per fomrmeslefpainineglnidr e andbevel 2as
assessnment. \Wen the notor driving tinme has passed, on the other _hand,
motor 5 isitlustexhiodd in Sebgelld: |WhemetpasdipNgsy 13 el folaLE8ppi ng
motor 5 is detected in step 112, it is determned in step 113 vththﬁrwthe
washi ng tithe (Tareexhepee, 180585 Fonkeed) FoMh v&a%h+ﬁgs8%eF8t 6n-R4s

passed. Wth the | apse of the washing ti st 114 i rf 0;t.hat
the next preResBDEr LASPRE YprRBEY of e?mgﬁﬁrni ?15 Jtseﬁ) \?ﬂ@g’r)&;gg%ergférgned.
I f the washing ti has .nqt been _reac yet, t eSS, ; Kk step
105 iR V\hi&ﬂ'%ﬁﬁ o&e% irSOt&QcieverJfofﬁr 0 ggﬁ in%’e tﬂge%aﬁéﬁi fllgug%ga?taltqugntg%d t he
exi stence &Jﬂﬂ'ﬂé{;dr(¥1é£9§£!rqvgo§%%;%ibﬁ.C@@kﬁﬂg ABedesernhod apeveribhe

e

state where nmount of FTaundry is small and the laundry is in the free
rotati on stat@ri N r atar yodh@dl ia det ectackviysasiang t lheuoereiockwise
direction alternately according to a timing chart shown in
Fig. 9, to thereby rotate rotary drum 1 while alternating
20 the rotational direction thereof.
In step 105, operation of motor 5 is started. Then, in
step 106, it is checked whether a predetermined time period
(for example, 3 seconds) has passed after starting the
opefation of motor 5. If the predetermined time period has

25 elapsed, the process proceeds to step 106 where the current

of motor 5 is detected by current detector 24. Since the
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2°5 value of motor 5 which is detected by current detector 24. If the
llaundry's such state is detected, a predetermned -33 anmount of wash
water is drained fromwater tub 3, so that a washing operation appropriate
for the laundry's current state can be perforned while fully renoving dirt
fromthe laundry. 5 Second enbodi nent A washing machine in accordance with
a second preferred enmbodi nent of the present invention will now be
described with reference to Figs. 10 to 12, in which 10 conponents
identical to those described in the first enbodinment will be assigned sane

reference unRe al dessh i pi aibtdier sofraguilrdze i ) it
_ 5 3 @I%jr reguilr anticireghe Thet & mpiorg ant
t echni cal ?eaturgsof t he second enmbodinment is in the fact that the

rot ati onal o34l Ofrd&réauntian i thaot arediduntd irotedcermdhed PaselRi bh t he
anplitude of ‘a current value of notor 5 detected by current detector 14.
Her ei naf t @funnQper,atd ogr oé t &he amashitng fremtii rent nf deesr dandw tein b t#HeBecond
enbodi nent will be described in conjunction with Figs. 10 to 12. 20 After

| oadi ng | awadryiniont ompobary Tr um 1Figewer -&h s@lcch 48f i9€ SHREd ohPénd an
On 1 hE ©y e ot Attty THENSSHnCL B TP pRISH I 1 A CT6e 1S prEALEH In
Cont ol | eoPEF O 081 GYEFST aPurT? andodet SE & e JCAgh y amp T
LAy o e D! S AT o B sICLRUR Ak Ny St epu R0l Rbes, 1
exists an overshoot in the current flowing in motor 5 for a
predetermined time period (for example, 3 seconds) after the
10 starting operation of motor 5, the current can be stabilized
after passing of a predetermined time period (3 seconds).
" The level and the time of the overshoot vary depending
on the starting control method of motor 5. . Thus, the time
required to stabilize the current of motor 5 would also
15 differ depending on the starting control method.
Accordingly, the time for the stabilization of the motor
current is set through a trial experiment or the like after
determining the starting control method. In order to detect
the rotational state of laundry in rotary drum 1 during the
20 rotation of motor 5, the current of motor 5 should not be
detected until the predetermined time period has elapsed
because the current value of motor 5 during the starting
control does not always accurately reflect the rotational
state of laundry in rotary drum 1.

25 In step 107, the average current value Imo_avg that

flows during the rotation of motor 5 is detected. It
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~detected laundry amount is set fromO to 3 by every 2 kg. That is, the
anmount fromO to 2 kg is ranked as 0; 2 to 4 kg as 1; 4 to 6 kg as 2; and 6
to 8 kg as 3. 5 Then, based on the detected | aundry anmount, a required
anount of detergent is displayed on nunber display unit 17g whil e detergent
amount indicator lanp 17e is on, and the, washing operation is perforned.
For exanple, the water anopunt (actually controlled by water |evel) supplied
in 10 water tub 3 during a washing operation is set based on the detected

| aundry anount as shown in Table 1. Thereafter, a washing cycle is

i nitiat Edsé{qeﬁﬁl%%p_r%%eﬂéﬁ shep 203, Waher SUPPhy ‘alrvent? filowirgeth on,
so that wash water is fed into water tub 3 up to a set water 15 | evel as
illustratgdibr Tabl®dhenhen chhg gleaungige fmotsntidiss | aogeittibaswalerisevel

is set to be high while it is set to be |ow when the |aundry anount is

smal | . I ngsthepe2@4, Bot ahd detdrkven talrotidte minate delande tiher s
initiating the washing (cl eaning) operation. During the cleaning operation,
20 notor Zotationatledstata cofockawsdrnndesceount SrEs ek s@sdistet on?
alternately according to a timng chart shown in Fig. 9, to there%y [otate
rotary dr@mgb Wi eandvedBi n§heheyxgeatt ohal udi FdOWIEY tHRr BEECTI v st@p

205, operation of notor 5 is started. Then, in,25 it eg 206 itf i§O€Q§? ked
whet her a Cheadeder AYRERTOPRESpeYIE (16 BREADIEN23 ReOhAR) Has®Padiéd

after starting notor 5. -35 |f the pr.edeterm i er 4 h psed,
the proceS<Yst o%eégéupéiré’t ef)et?‘ﬂﬁn%\,hgf’e E;Chse %:rﬁ:?]%g%? tgftgﬁoeltoogrftg&l sgggt%gt ed

by current, detector,24. Sinc k t he . i of toptAthBgHLr es a
t or que (stda‘fr ng pS#SSe)O%]-gS?égPEFBg%én %:gtg%{ldgtedgggl't otIEr%t a’?g Fmtor 5in

a running state, AoURL 20%, euikent as Ko Ebeuubteaobor ubingen
starting o agée 5°§F|9£g§ﬁ&gg\ gnd 4Badfgscriube the rel ati onshi ps between the

time,gl apsafd aft@int hgashart bty eper atduaireoft MuHdr hoand the Gubingrrent
flowng in nmtor 5 during the rotation of notor 5, respectively. Since
there exi gife @it OMRISEOOt ihB tdeer icuy r eftr f pwpgei n 2noiegosif oron time
predeterm ned tine period (for exanple, 3 seconds) after the starting
oper ati on mérimd aredyiiedt resmoher ph etlet®e ke nedet FRECHBELBR) (3 seconds)

A method for obtaining the average current value

Imo_avg will be described hereinafter with reference to a

15 flow chart in Fig. 6. In step 120, it is determined whether

it is time to detect the current of motor 5. If the current

of motor 5 is set to be detected every 0.1 second, it 1is

determined whether 0.1 second has passed after the previous

detection. If 0.1 second has elapsed, the process proceeds

20 to step 121 to detect the current flowing in motor 5.

Before passing of 0.1 second, however, the detection of

current is not performed and step 127 is executed to
terminate the current subroutine.

In step 121, a voltage signal corresponding to a

25 current value of motor 5 detected by current detector 24 is

transmitted to controller 15, and controller 15 calculates a
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. 15 for the current of notor 5 to be stabilized. Here, the level and the
time of the overshoot vary depending on the starting control nethod of
notor 5. Thus, the time required to stabilize the current of notor 5 would
al so differ depending on the starting control nethod. Accordingly, the 20
time for the stabilization of the notor current is set through a trial
experinment or the like after determning the starting control nethod. In
order to detect the rotational state of laundry in rotary drum 1 during the
rotation of nmotor 5, the value of current in nmotor 5 should not be 25
detected yntid, the pedetgiabnedd i fiomperhodihpatehansedd rogide. staiting
operation of the notor because a current -3 6 val ue of notor 5 neasured
during thetghAantidNg ctirl 1 gdoess negfenl aéys tleé | @etethedrmoadronatreniat e of
| aundry in rotary drum1. In step 207, a current anplitude Inmo_anp is
det ect ed. va19enas titee vahmeadionupfembtion motmrers i lokemgesis yhehr o$@us
with the rotational cycle of rotary drum1 (laundry returns to its initial
state aftem ratainthaned melcesgenecummasitut vahye - t hAtr dhdtsi dridie stlat S of
laundry in rotary drum1 can be estimated by using the difference between
the 10 maéidded e oEheustewe tianuE At the APRI GOMNBRG dif rEwiPSAl %}é\e
whi ch are obtained during a predeterm ned tine iod, (for exanple
seconds, ¢rmaHE Per iSSERTqui r EdeFor bt osrt%}:’toﬁﬁiike l&neltsevéﬁggmi?fgdA

1 on

nmet hod for _obtai ni, a current a itude | np-a i L] i bed

her ei naf t éffh%}i‘?lf Ir"‘en?ge]r%n%)emef "R ‘?%)Joé\}l%%%ert{?% %?%}ég%ﬂ é?ﬁpg?ggé?z%g it is
deternm ned whether it is.tj et _ t | £t
motor current i$°8et 0 lée’g‘e?‘téegcthcejed a:‘géerr%/d’%.gyé%%g%dg%g@i gg dgﬁgrﬁno ngﬁ

whet her 2oohpﬁélir§é?ﬁ30@@e|}§rs Pageednaft efs t e spreyeausaiebect iien.id f £@rit
second has ‘el apsed, the process goes to step 221 to detect current. Before

the hapse &ftOrrli S8 0Mlet hOVEYeEecbh@sdrbeCchheBedf adtetrenhei esnamapéphor ned
and step 228 is executed to termnate the current subroutine. 25 In step

221, a volémgensi gnakioasr espardiengurrentcwalnt . val fiel bf iapforng dbeéct ed
by current detector 24 is -37 transmtted to controller 15, and
control | er2 1secendsl haesehappedr ther BAECOEBUENEROPEPEREEREe tPNSGEPYoEEage

signal. In step 222, controller 15 overwwiﬁes t he naxinun1n?tor current
val ue | mo WRE&ECE or 2bse YR GRS rFRET e Ne afplPBudélor TRtQr 1mo_ave 1S

calculated again. Prior to the lapse of 2 seconds, however,

15 step 127 is conducted and the current subroutine is
terminated.

In step 124, an average current value of motor Imo_avg

is calculated from the summation of motor current values

Isum and the number of summation steps Ct by using a

20 formula: Imo_avg = Isum/Ct. After obtaining the average

current value of motor Imo_avg in étep 124, the summation of

motor current values Isum and the number of summation steps

Ct are cleared in step 125 in order to obtain a next average

current value of motor. Thereafter, a small laundry amount

25 assessment 1 timing F indicating timing for a small laundry

amount assessment 1s set by obtaining the average current
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. 5 current. Then, the maxi mum notor current value Inmo max, which represents
t he hi ghest val ue anong notor current val ues detected so far, is conpared
with the presently obtained notor current value Ino. If the notor current
value Ino is higher than the maxi num notor current value 10 Inpo max, the
present notor current value Ino is set as a new maxi nrum notor current val ue
Imo max. In step 223, controller 15 overwites a m ni num notor current
value Inmo mn for obtaining the anplitude of notor current. Then, the

m ni nrum not or current value Inmo mn, 15 which represents the | owest val ue
anong not gg16Udr benthotaluas datgetiet sothah, itheC Fmareat Widrdeiny esent |y
obtai ned notor current value Ino. If the notor current value Inois |ower
t han the megmaueteat.or current value Inmo min, the present notor current
value Ino is set as a new m ninum 20 notor current value Inb mn. In step
224, it is detexfteedthbhetfien ichart timeFio. dét éor abtarimemty aiyd ineate

val ue. For exanple, if the current anplitude value is set to be obtained
every 2 swedmngs @b dbscridedr alovreentt is déndshieded Wit BEOC2SE5 $RDNAS
has passed after the calculation of the previous current anplitude val ue.
If itdis Pogkd Emathe sEtendshigd - 88 Figsapsedl, alt pPoceysd t RenSHibceeds

to step 225 where a current anplitude val ye |Inp-a =| max -, Ilnmo.mn) is
cal cul at ed2UBEFYr AN hadSPRGSHERS éec%HaQTeﬁgméggrée§£§5m§§8HW;%Fep

perforned.arid the.curr ubroutine is t ] e t] j val of 2
seconds bé@\%éen Aevfe]fc(ilw dgﬁégf'i or?(%o t%‘éa{%lur?geg}tlgggpgﬁoﬁgg Véa%Eﬁeeés{MSe?{ Ziti me

required é%d%lnl QW rof %Mo@ﬁ“%t of-lrg%k_e esh8Vvelgut i of, | gtgﬁsqg,@f’ r;at agd ng

rotary dr not or at a rotational speed of 30 r/mn. The current 10

anpl i t ude q@dwidyRg nhe whSetondsd afd Bt ot af | gl 1 staked o) Al y in
rotary druml1l. In step 226, the mninmumnotor current value Ino mn and the
maxi NUIM MBts@le SGIFTANtE VBs USet D MBXtReetekmanadibn @fder dmwll heauesty
detection of the current anplitude of 15 notor current. Thereafter, a snall
| aundry armonntasssssreEnt? B iid et iindicatimgeipreined f orasnbdhndayngr y
anount assessnent is set by obtaining the current anplitude of notor
current i stsitep o2 havilen,a t97ea uramaun s o reeie akreadyn dptedted a1dp
228. 20 After the flow chart in Fi,g. 11 for obtaining current anplitude

val ue is fliatinshdd, APRERDcEEEEGodS REIOT oCPRESFFBW a0 G TDA and

, d 1.1 d .2 _j.ud N f '
208, A1 O B Tor ATt | VAR S RGNt eSesehem 2 Lo TEe D5 7
shownip i N 1l G%ra AP ARG 1 2B s ddbnthP 122% ddt e QRAJIMRH ahether the

term nation
If the termination of a small laundry  amount

assessment F 1s set, the process goes to step 142 and the
current subroutine is terminated; if otherwise, step 131 is
performed. In step 131, laundry’s state of having a small
20 amount is detected and it is determined whether draining of
wash water is now being performed to correct the laundry
floating state. In case draining of wash water is now being
carried out, the process proceeds to step 142 to end the
current subroutine, draining for a small laundry amount F is
25 set and during which the small laundry amount assessment is

not necessary during this time.
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, -39, of small laundry amount assessnent F is set. If the term nation of
smal | laundry anount assessnment F is set, it is interpreted that the state
of having only a small anount of |aundry has been al ready detected and

| aundry floating 5 state is being corrected by draining wash water from
water tub 3 for a predeterm ned nunber of tines, that is, that smal

| aundry anpunt assessnent of |aundry need not be perfornmed again. If the
term nation of small |aundry anount assessnment F is set, the process goes
to step 242 and the 10 current subroutine is termnated; if otherw se, step
231 is performeds |dyst:0h?3bs 1hatsr dater nbnedashrf hperkbemstat e tof idavi ng
only a small ampunt of |aundry has been detected and draining of wash water
i s now beigeg perifydred it 0 ey edB32t herhleatvedr vy of | sakildg dbandryl f adeanhi ng
of wash water is 15 now being carried out, the process proceeds to step 242
to end t hasswssmnisuldr outimdeg fBr Usaisdathg ok smEll | d@vadr YanBUaRnF i s
set while the draining is being perforned, during which the snmall |aundry
amount assessEERens hotimbreskaty.a| fldgaraPrgsenthagefPs At 2BEFAGS
performed, it 20 is determined in step 232 whether a iﬁaLl I undry g unt
asses8nentcux 14nfi nyakups ofetmotipe REL B VIGautRf yP&RDBuUY ment® 2% 8Fni ng
Fis aflag indicating that a curagnt anplitude value Inp a of . npt gt

t
current hdstaseehSobfainedt TPaPhe HPhg 4 s"SBt 2VECASS et at *hieRf
CUrTent STliLide ol e Arp o Beep-onLalved, ol 40 cees ocs

to step 2 m snal | nar nmoant assessnent 2. In

step 233,5%} sng?]ﬁé nl,fqn,dgydgyvueg a éﬁégﬁnt a2 LkAhAg Eah%dglyea@%gumr

next dete i s added to a tot nunber of assessnént’
representigddedotal 5 nunber of snmall [aundry anount assessnent 2 (i.e.
repetition nunber of the step of calculating a current anplitude value Ino
anp) 1bn step 234n Theegaf 6B, ia sseplP35laundiy determi ned seetteart alj ust
obtai ned current anplitude value Inmb anp is |lower than a predeterm ned
val ue timing F is cleared for next detection. Then, 1 is added to
a total number of assessment representing the total
assessment numbers of a small laundry amount assessment 1
(i.e., repetition number of the step of detecting a average
15 current value of motor Imo_avg) in step 134. Thereafter, in
step 135, it is determined whether the currently obtained
average current value of motor Imo_avg 1is lower than a
predetermined value (for example, a peak value of a average
current value of motor Imo_avg is equal to or less than 1.0
20 A). In case the laundry amount is small relative to the
amount of wash water and, thus, the laundry floats on the
wash water, a load (torque) exerted on motor 5 and a current
flowing in motor 5 are both reduced. Accordingly, if the
average current value of motor Imo _avg is lower than a

25 predetermined value, it may imply that laundry is floating

on wash water. In such case, 1 is added to the number of
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. 10 (for exanple, 0.5 A). In case the laundry anount is small relative to

t he anobunt of wash water and, thus, the laundry floats in the wash water, a
| oad (torque) exerted on motor 5 is reduced and a change in load is al so
reduced while rotary drum1 (notor 5) nakes one revolution. Accordingly, if
the 15 anplitude value of nmotor current is |ower than a predeterm ned
value, it may inply that laundry is in the free rotation state with no | oad
exerted thereon. In such case, it is determned that the laundry floats in
the wash water and therefore, 1 is added to the nunber of small 20 |aundry

amount assessment, Cliid Sh&Ph@30ssd fsd 8P @B7in idtds degerm ned whether the

i
total nunber of assessnent CT is greater than a predeterm ned value ( for

exanpl e, 20). |RAn0r4RY tG7, NPHOVEs tder AEEIKEE YwiDdt et eeheOBothhenuabaki onal
state of laundry is determned after 25 performng the detection nultiple
times. Spesifisebsyment Cheikolgaleatenberhaof assesdaeatmivedheslae (for
predeterm ned val ue, -41 it is determned that the laundry floats in wash
wat er. |f dhempsal 200nbersSiofcassbssrmmpl idoske nof tdgche Yéea g edekELAENed
val ue, however, the current subroutine is termnated in step 242 hecauyse
t he dbtectvalué s aforimotgad. 15 14 hagprzgacrerddnget &P miHed m&aﬁépnﬁﬁe
nunber of small |aundry anount assessnent CT lg reiger tha§ a.
predet er ni $leat v al 98 (1BPNEXAnpl & 18RY | Pet hEd ﬁgFP de t90al F&SdFmot b
current is detected to_be below a.predetermnm ned | evel [ han
pr edet er mi AETREFBE? PSf?f@nFF¥e?%ﬁﬂ I¥%§%%%Ft%ytﬂ%aggfapgn%nﬁgfrg t
assessnent, it is determned t nd f i ek, t he
fatiag % Uy SRRe E8gt dhslayng aslu?f_iu.(trj;?;y B V@sh 96t era 1k

| aundry flI e 1's detec S I"aun anount F Is set in

step 239;4%£r?ﬁé’ZSEQEO%%%)i%ﬁﬁdﬂH¥¥EE¥§1§t@8ngégni%hB%rEQ%WQQunH&ySEEPS

240 and 2 smal | Taundry 15 anmount assessnent CT and the total nunber
of aggessnephtET1ar 8y dRAnede st BapEsdi Val Yudhkf tercgospl erhegesorkl, laendry
anount assessnent 2 judgnent in step 242, the process goes back to the flow
chart in FigsatiBAaandth@B afd lmuwmiry chmile cooteokcpuredsd y2@ldtected
performed in step 209. Here, the water drain control process is .identical
to that debgridbédcitingi getB@A @AmksR i nfeecordante, wePhtime st idse.

enbodi nent, thus its description will be omtted. By reducing the anoynt of
wash wat er revpdu§honke int EASEr A EBREFBLNIt Ife FREESPEt MG GIF sEYBEY of 25

laundry Cageggnggrag%%e%btor 5 at a rotational speed of 30 r/min). If

15 a assessment of a predetermined number has been performed,
it is determined in step 138 whether the laundry floats on
the wash water. If the number of assessment has not been
reached, however, the current subroutine is terminated and
the detection 6f motor current is continued.

20 In step 138, it is determined whether the number of
small laundry amount assessment CT is greater than a
predetermined value (for example, 19). If the average
current value of motor is found to be below a predetermined
level more than a predetermined number of times with respect

25 to the total number of assessment, it is determined that =z

laundry floating state occurs. Here, by considering, e.g.,
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~After finishing the water drain control according to -42 the flow chart
in Figs. 8A and 8B, the process goes back to step 210 in the flow chart
shown in Figs . 10A and 10B . In step 210, it is determ ned whether a tine
for driving notor 5 has el apsed. As described above, since washing
operation 5 is conducted by rotating the notor in the clockw se and the
countercl ockwi se direction alternately according to the timng chart in
Fig. 9, whether a conplete operation cycle has been reached. If the notor
driving tinme has not passed yet; the process goes back to step 207 to
perform sialde ddd-d N0 yr GAPURE a$S eissremti naghitha tWhenl ahednpt 6kodrivgng
time has passed, on the other hand, notor 5 is turned off in step 211. If
the | apse safattheddutes fof ohé- eperagengurntot Failsialereciedornist pund2, it
is determned in step 213 whether 15 the washing tine (for exanple, 30

m nut es) frar bée lomshi Mthapesapredeiasrmiassedl e gt hmeke 1B5de b thHESS
washing tinme, step 214 is performed sqg that the next process (rinsi g
process afamamgir af nitdgesasht waher tate ot ¥R $ed Ot 2357 SdHi ng ffmg Fas

v arbBd aga Ay oM LR t HeS hBshenge bRBERET ofl SRA Hha UnredeAREaEs T ©
| aundry floating state is cked. descri . € e; t he
| aundry adﬁhn?egs%ﬂnﬂqe%nggghe ﬁlﬁﬁh? ? UF§§§hgq%%§é4£L%E%%% é%gﬁg%in 25

rotary dr%@ﬁgég?%gtggégdlgg #giggi ngagghig%g% afg curd et r fMneey .of 1ROt Or

5 which is urréent dete -43 If the free rotation
state of | Yl tected, anphedeterd nRE AUt nekt Wash ldatlennidsy
dr ai ned fr%ﬁ?ggt%?§t%§ 3, so that a washing operation adequate for the

laundry' s gHEhEPt statesmantbe peef onomberwhilfe fsulallyl r drpvidny diamouBtf r om
the laundry. Third enbodi nent
10 assessment CT and the total number of assessment CT are
cleared, respectively.

After the completion of a small laundry amount
assessment 1 Jjudgment, the process goes back to the flow
chért in Figs. 5A and 5B and a water drain control process

15 is performed in step 109. Referring to Figs. B8A and 8B,
there is provided a flow chart that describes the water
drain control process. In case the small laundry amount
assessment is carried out, a predetermined amount of wash
water in water tub 3 1is drained such that the laundry

20 floating state is corrected.

In step 150, it is checked whether the termination of
the small laundry amount assessment F 1is set.  If the
termination of the small laundry amount assessment F is set,
the water drain control process is ended. Then, it is

25 determined in step 151 whether draining for small laundry

amount F is set. If draining of water is being performed by
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. A washing machine in accordance with a third preferred enbodi nent of the

present invention will now be described 10 with reference to Figs. 13 to
15, in which conponents identical to those described in the first or the
second enbodi nent will be assigned same reference nunerals and description

thereof will be omtted. After loading laundry into rotary drum 1, power-on
15 switch 16f is turned on and an operation course is selected by using

course setting switch 16d depending on the type of the laundry. Then, once
start/pause switch 16e is pressed in step 300, the operation of the washing

machi ne i%ie?fte%rtti%% Fhishrye@nt sohter J6 hakahgs &otaan dr umolinand eed ects
20 the laundry anount in rotary drum 1l by using | aundry anmount detector 27

in step 3@QkocER@N pidesd®P B802stepnkiblg tof ddime ideieecites] havedr yramolmg i s
determined fromO to 3 by every 2 kg. That is, the amount fromO to 2 kg is

ranked as dper2ttiom kgfasddziding 6fkgatasr2;isamdtb henir8y kige afoBnedhern '
based 25 on the detected | aundry anount, a required anount of detergent is
di spl ayed tdre mittrer hrpl agteni L5278 swisidesuteql tqjdyantnandiudEhehd? cat or
| anp 17e is on, and then, washing operation is perforned. For exanple, the
wat er5 amowia [l okrurAredaByunkt Er iSevi@d. sdifpliiel $718 Wat €2 URERY 32BaF hg a

washi ng operation is 5 set based on tthget ected lf%lrjrndr amount _as, shown in

Table 1. Fhek®abtbr, SEeREsRHFTyRI®P i $97 nPrRaPEF HF RSt ED 3519 step
303, t | | 21ist . t hat h is f i
water tub g Oustabiohr | dverths SrEad cawih SRRFRC ¥ vt hPhe

| d t is | , . t igh while it i
set "o be 1o Wit T iR T edBE npub BB NG BF e fmpfafean B O

driven to rotatenr gy 1Mihe tdereby dAuidiptim@ui berwashingateheaniing)
operation. During the cleaning operation, notor 5is rotated in a clockw se

and gount eincl 9ekpi $84 15detaiaahigorEcal tealatl el yumrpr sihognt oFa ihdiicagiobar t
shown in Fig. 9, to thereby rotate rotary drum1l while reversing its
rotationaltitit ecddadming stfepwd@®r oper ahoon ldimpt e dmned artsedseThen,
in step 306, it is checked whether a predeterm ned tinme period 20 (for
exanpl e, 3reconiisdr hasnpasepdlabt evasesr eragnt Halvpetdt iién ovr oRsE8ESS. | f
the predetermned tine period has el apsed, the process goes to step,307
wher e the RYirr 6ARtEPLABEOr 1B/ s BHReEEPRd ByEhingnt et BetoF 24r28MEE a

N ng. StGREET S PRqul Tho Ve ST aPt RBPGFOBLCE dpckCePoarBsne Or SclRFaR |
f|om§5in Eg{n5'&g QeStf{ti{g)rgﬁé¥3é§ _ég%tinue the water draining
operation. Then, in step 157, it is determined whether a
third predetermined time period set for the water draining
operation has passed. With the lapse of the third
predetermined time period, the water draining operation 1is
20 terminated.
The third predetermined time period is set based on
the amount of laundry detected by laundry amount detector 27,
as shown in Table 5. For example, when water is supplied to
a high level because the laundry amount is detected to be
25 great, a greater amount of wash water needs to be drained,

so that the third predetermined time period is set to be 30
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, Figs. 9A and 4B describe the relationships between the tine el apsed after
starting notor 5 and the current flowng in notor 5 during the rotation of
notor 5, respectively. Since there exists an overshoot in the current
flowwng in 5 nmtor 5 for a predetermned tine period (for exanple, 3
seconds) after starting notor 5, it takes a predetermned tine period (3
seconds) for the current of notor 5 to be stabilized. Here, the |evel and
the tine of the overshoot vary depending on the starting control nethod of
notor 5. 10 Thus, the tine required to stabilize the current of notor 5
woul d al sgetidicy. dependhag odmelrhehafidpr timgcasst kole Mefltodky Asaottt ngky,
the time for the stabilization of notor current is set through a trial
experi mentdeedted | te baf tamadet ethenendst e sbactirng thertt rbitke hedshln
order to detect 15 the rotational state of laundry in rotary drum 1 during
the rotatiwatexf wotdd S;ermiour kénttheal arowfit notfortlte shigalidedotwibeteiect ed
until the predetermned tinme period el apses because a current val ue of
notor 5 nestgsRiegla tiangeof searthag nbrer Bhidoks predediammingcef F&BE t he
rotational 20 state of laundry in rotary druml. In step 307, an average
curreft v iRt IHD Y EhOEAT cuf rent HApFEEYUESt o anp of the

t I det d. Ther, ti wh he., t
current value ang,deleced Theneosomet e aselre 3.5ese ahared e gy rent
del i dt tecti ircuit,. 4 in the . i t f
del ver 20 18 fodeLeEL1 o S o on s, ehange 1y e i ol state of

val ue of MOIGLL5 is HANGERSYRENLONOLE WS thautolad i anal cugkeieliohotary

drum 1l (laundry returns to Its initial state after rotary drum 1 makes one

revol uti omymipde rot athonat sddign ofccndrandr  diydedted! ¥ L Urdhk camabe
estimated by using an average current value of notor Inp-avg which is

obt ainpned dusumgre pmedeterasswtntdnte jrer sodp( flG18 .exanpterwrdecondstepr
time period required for notor 5 to nmake one revol ution). Moreover, since a
current valb®, odradndmges ferclsmaded umyricheooond Wt Ast helearedi onadlf
cycle of rotary drum1l (laundry returns to its initial state after rotary
drum 1 nak@sabpkng ev@owiton)CT t hé sr otdaigAsinad at EOof hadifdr JeRAP RSt afy

drum 1 can be assessed b sin .dj fference bet n a maxi num not or
current vaPtRIGhITBIAFA ﬁ‘aﬁ’r‘ﬁo??}ﬁle rvye Pelésviﬁiplg% €6h O g]}l‘(‘?bggiuﬁéi&y
during a predeterm ned tinme i.ad. (f.or, ex | e S ngds, I, riod
requi ?ed P%IPO%F O?SSSgSWHa%Qp?ﬁgqree\(ﬁc}l ut o%n%)p B%/6§ét gggi g%réng%ﬁttfl\%g g’?at es
t oget,her, r GCcu t i o] ti@n f d in
ro?arlr;;j dr u%lgvcsgnr?qble &éggéggo%ﬁdﬂﬁ%oés%ggsggﬁgi n?nghgﬁ%f/tgpgge{%ﬁrgﬁt

val ue of nptog LAR1ava AMhA Cats @M agPbbtMest| me- ap Mél bebeodpsar ilbed
hereinafter with reference to a flow chart in Figs. 14A and 14B. In step

320, it issgetenmgwp whet hersihceésthietre tfoedpteantlyt heccur r enteof wimetrer 5.
For exanple, if the
the laundry floating state cannot be corrected by performing
the water drain control only once, such determination is
20 made in order to execute the water draining operation
several times. Further, setting of an upper limit in the
repetition number of the water drain control is required in
order to prevent an excessive amount of wash water from
being drained, resulting in a failure to pérforn1 washing

25 operation. Then, in step 162, the subroutine for the water

drain control is terminated, and the process goes back to
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25 nmotor current is set to be detected every 0.1 second, it is determ ned
whet her 0.1 second has passed after the previous -47 detection. If 0.1
second has el apsed, the process goes to step 321 to detect the current.
Before the | apse of 0.1 second, however, the detection of current is not
perfornmed and step 331 is executed to term nate the current subroutine 5 In
step 321, a voltage signal corresponding 'to a current value of notor 5
detected by current detector 24 is transmtted to controller 15, and
controller 15 calculates a notor current value Inmo fromthe input voltage

signal. | rétgpeglaﬂzi,n Gad rol dwercidrt hetowsldsn thegeur s2ndhy bt ai ned 10

notor current value Ino to a sunmation of notor current values |sumfor

obt ai ni ng an aveeage AWy erdckatuethdt flivs ¢chaet 1ini FigddedA canthed>B,
summation count & for counting the nunber of summation steps. In step 323,
control | eritl5ievetetrétresned naxi nebepotld0 18hetheenta vaLne | nex 1¥épg
obtaining the anplitude of motor current. Then, the maxi mum potor current
val ue | no mebor whi basr epepsent.s Pie dessiddred, AR anohy#®t bRecHpFBARY

val ues detected so far, is conpared with the notor current val ue_lI ust
obt ai hed. aFexafel ot oFS cuPEEALTR&FUe Do GEHG T ghe?e t hERtPhe ﬁﬂxrgﬂﬁ

notor current value Inpo nax, the | atest tar_ current .val ue | I as a
new maxi mfhSREEYSE urdEht u@qqﬁ}QﬁS&Oq %ﬁ%ﬂ)qiiﬁcaé#&rgﬂggfh%gag&
overwites a mnjmum nofor curtent l.ue. .mi ngfor .u i t ah.Al t he
anpl i t ude TFCDEHRT oF© ¢ ??eﬁ%wl?ﬂeﬁggfgelhrﬁﬁghn?ﬁn%gr%ESFES%? 32%Eggfnn

mn, which, r FBrBIgELS 4 S dOVBS! oYRIYE AINGe ER! Qeachla. CLTent Yaliues

detected soO I'S co e notor current value Inp just

obtai ned. Af;{NggMpiRE GHEN eRit WL HdBN&d) oves bhaBesbegbisi Bumkmabor
current value Indo mn, the latest notor current value Inb is set as a new

M ni IgM 5 $er 10Wr cenpeydbue bmemaEll. laurstrap 3RBint tas sesfoterni ndgen
whether it is time to detect an average -current value of notor and a
current anphétmdeovaduéviFgr texmnplas paesederagetBar PERL TV AAHE  ofMYFSTor
and the current anplitude value are set to be obtained every 2 seconds for
the reasond1Dsatudaedr PB&d iabskep 111Lt £§ §BEePRSFEA% Rot T Sredét éOF ned

ti 2 d h d aft th i d ti .
plr gge(edssfgggpg)bngggp%%is% fs gretec%e rei\\rllI os%sep e{ff, ! 99 1tshedepcreor(r:r1elsl'1sedt hen

in step 113 whether the washing time (for example, 30

15 minutes) for the washing operation has passed. With the
lapse of the washing time, step 114 is performed so that the
next process (rinsing process after draining wash water) is
performed. If the washing time has not been reached vyet,
the process goes back to step 105 in which motor 5 is driven

20 to continue the washing operation and the existence of
laundry floating state is checked.

As described above, the state where the amount of
laundry is small and the laundry is in the free rotation
state in rotary drum 1 is detected by using the current

25 value of motor 5 which is detected by current detector 24.

If the laundry’s such state is detected, a predetermined

-33-



. In step 326, average current value of nmotor Inp_avg is calculated fromthe
summati on of notor current values Isum 15 and the nunber of summation steps
Ct by using a forrmula: Inmo avg - IsunmiCt. After obtaining the average
current value of nmotor Ino avg, the summation of -notor current values |sum
and the nunber of summation steps Ct are cleared in step 327 in order to
obtain the next average current 20 value of notor Ino avg. In step 328,
after calculating a current anplitude value Ino_anp (=Inmo nax - Inp mn),
the m nimum notor current value Inmo mn and the maxi mum notor current val ue
| Mo max ar%@ﬂﬁ%”&@ &Q&hnﬁéﬁegeigchkﬁﬂnﬁa tthencwatert 2% agpl s6 udraof anot or
current in step 329. In step 330, the nean value and the current anplitude
val ue of RRIOfi £ (P ratdon approfprdiadted dod atdeal Labadrgry arounent
assessnent 3 tlnlng Findicating a,timng for small laundry anmount
assessnmentst#f setanThey epét £oymédewbid eenfulslubr vemonengs diertmi feeredtiA step
331. 5 After the flow chart in Figs. 14A and 14B for obtaining the nean

val ue and lawendumpl i t ude val ue of nmotor current is finished, the process

goes back to the flow chart in Figs. 13A and 13B, and snall |aundry anount
assesSnent 3 judgnment is perforned in step 308. A flow chart for the 10
smal | laundry anount assesspent 3 judgnent is shown in Figs. 15A and 15B.

In step 340, it SRCHA EPRUEHGHet her the termination of small |aundry
amount assessnent F is. set he ternlna f I, dgpndLy Rh
assessment F is ‘Set Wapplig |§ﬁ%ﬁ %ﬁggraangg& &fﬁﬁ Fhg e

&%r et'ad state aving a snal

Dar a0 cor REE et Lols RaRll e o ‘Eﬁ%e%fedsearﬁd L YBHEY ob! At NOngh abe s

bei ng corr%ﬁ? Wash Wwater from water tu or a predeterm ned
nunber of &é§8§1b58atw5§h tP@%e?@@éé to Figs. 10 to 12, in which

10 components identical to those described in the first

embodiment will be assigned same reference numerals and
description thereof will be omitted.

The important technicai feature of the second
embodiment is in the fact that the rotational state of

15 laundry in rotary drum 1 1is determined based on the
amplitude of a current value of motor 5 detected by current
detector 14. Hereinafter, operation of the washing machine
in accordance with the second embodiment will be described
in conjunction with Figs. 10 to 12.

20 After loading laundry into rotary drum 1, power-on
switch 16f is turned on and an operation course is selected
by using course setting switch 16d depending on the type of
laundry. Then, once start/pause switch 16e is pressed in
step 200, the operation of the washing machine-is started.

25  First, controller 15 rotates rotary drum 1 and detects the

laundry amount in rotary -drum 1 using laundry “amount
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| aundry anount assessnent of |aundry need not be perforned 20 again.
Therefore, the process goes to step 356 to term nate the current
subroutine. If the termnation of small |aundry anmobunt assessnent F is not
set, on the other hand, the process goes to step 341 in which it is
determ ned whether the state of having a 25 small amount of |aundry has
been detected and drai ning of wash water is now being perfornmed to correct
the laundry -50 floating state. If draining of wash water is now being
carried out, the process proceeds to step 356 to end the current

subroutingerfefodrainiing fp soml | |mweey yianeusp BORs seinkibid eof hehe
draining is being perfornmed, during which 5 the small |aundry anount
assessnenfet&chel Neeesaf Yamdin€r asniseg of ravat @r tios haby bevegyper fioy.ned,
it is determned in step 342 whether the small | aundry anobunt assessnent 3
timng F TBasels, Ashdesaouned frefole td e lgeld dankeadt yeanbund tssesshrent 3
timng Fis a flag 10 indicating that an average current value of notor |Ino
avg and aasuilreat tanpl kgude &l @ad o tamS kavé@sbden obtained. If the flag
is set, it means that a new average current value of notor Inp _av '%%f a

new éurrent anpThetudeldaedecnnbhanf s efedr 'Ot ARy thaf=q ocess

goes to step 15 343 jn order_ tp performsnall | aundr nmpunt. assess t 3.

Tn step 388OUPfe o4 qthﬁﬁﬁﬁyl%ngbﬁPi5¥§§2§Heﬁ?ﬂ§Q%q§%F %s?%f%a$§ f or

next detection. Then, 1 is_added t; er sQf Sess

repr esent ?‘“hé(i?hed% e e’h%nﬁ@?%? slgr‘aqaj]éalqéaoiénd% rr[:)LJ(r%t g%sgéé%d gg-}z?'. e.,
B

20 repeti &iaggigﬁgbgéeggt- s{gp ﬁgruf(}?n\?/é{? ati ng,an RLIAGE Cyhkenfavat ue of

nmot or | no-av current anplit al ue Inmo-anp) in step 344.

Thereaf t e RSt RcBdan11t ESndebelglnegy Wialther theequrreabby iebt aimed
average current value of nmotor Inpo avg is 25 | ower than a predeterm ned

val ugp (f oiya@%aml® @ pezknyalauevadhihe eyerageosul sestetvaasedfomotloe
| mo-avg is equal to or -51
detected laundry amount as shown in Table 1. Thereafter, a
washing cycle is initiated from step 203.
In step 203,'water supply valve 12 1is turned on, so
that wash water is fed into water tub 3 up to a set water
15 level as illustrated in Table 1. When the laundry amount is
large, the water level is set to be high while it is set to
be low when the laundry amount is small. In step 204, motor
5 is driven to rotate rotary drum 1, thereby initiating the
washing (cleaning) operation. During the cleaning operation,
20 motor 5 is rotated in a clockwise and a counterclockwise
direction alternately according to a timing chart shown in
Fig. 9, to thereby rotate rotary drum 1 while reversing the
rotational direction thereof.
In step 205, operation of motor 5 is started. Then, in

25 step 206, it is checked whether a predetermined time period

(for example, 3 seconds) has passed after starting motor 5.
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|l ess than 1.0 A). In case the.laundry amount is small relative to the
anount of wash water and, thus, the laundry floats in the wash water, | oad
(torque) exerted on notor 5 and current flowing in notor 5 are both
reduced. 5 Accordingly, if the average current value of notor Inp avg is

| ower than a predetermined value, it may inply that laundry is floating in
wash water. In such case, 1 is added to the nunber of average current
assessnment CT in step 346. Further, in step 347, it is determ ned whet her
the 10 currently obtained current anplitude value Ino_anp is |ower than a
predet er nirped- yal yeelib@e raiarpl & ik SpArioln leaseelipstayndme appockss s
small relative to the anobunt of wash water and, thus, the laundry floats in
the wash paberedsoado(t stgue)2eXerwieeron tiot ocuxdestr edfcethodrd aSchiange in
load 15 is also reduced while rotary drum 1l (nmotor 5) makes one revol ution.
Accor di nglgteicttethe our ramrempl idefRcier ue24 no_anpinee | owerrEham athe
predetermned value, it may inply that laundry is in free rotation with no
| oad exer PperEfdcsonof| Mafifth faskeaiires detW@FAWMRd (AT iAW | BRREYS 20
floats on the wash water and 1 is added to the nunber qof anplitu

de .
assesknengICrtiar stBpna4dial nnepepdzdy FPTRECIdIRY M ned Whethef U HE"Y ot al
nunber of assessnent CT. is greater than a_predetern ned.val ue ( xanpl e,
20). In ofdé %o ?nﬁFSQEthg‘m}? at SFragpgc?‘iaosn,tQSg}ﬁ‘éq rot a Clgl{oonrgl 5qstate
of laundry i s determ r- performng the detection of the current
anpl i tudexlrrrllﬁr} isgclae Er?é‘g;eqn?aglérrrgsff' Specifically, if the total nunber of

assessnent reachegsa AredaerE ntbaaldie cid tordletenghned phsiethechaundry
really floats in ﬁe wash water. |If the total nunber of assessnent does not

reach the qingdeleigEdieth Mad Heshd Hoaeveig dbhersul 6endbf subtout Enendsthe
termnated in step 356 to continue the detection of the current anplitude.
In step 3Fhridnt sfietengi had meheirhed dunimdpethef raverdga cuf reetor 5,
assessment CT is greater than a predeterm ned value (for exanple, 19). If
t he aver agesieaiurvest. val §énok nbhere sekégha t 8nbeoyerswogtpr éfet ERfi ned
| evel nore than a Eredeterm’ ned nunber of tines with respect to the,tgtal
nunber of GEsERHIehtowing| dnddahaH nedfPRaf PUSARTEY FSsht FHYS sPEFECPs

present. |In_case of det ec#i ng the Iaungf#{)fl atin ate, detection o
u

| aundry’ s 6t e ®¥8™P5 Sper? oSE@ &I n ethﬁgﬁz 189’c?ﬁerre%loé}rpf’%t ude
0 SUoP ke i 8100 Sphebl b WIS S TS oo AU Ry Bsassprent
anpl i sude ¥al uepies def£eied 0 Reebe! 8w aoPirdet espl pedebevelndmy e than a
pr edet er mned
level and the time of the overshoot vary depending on the
starting control method of motor 5. Thus, the time required
to stabilize the current of motor 5 would also differ
depending on the starting control method. Accordingly, the
20 time for the stabilization of the motor current is set
through a trial experiment or the like after determining the
starting control method. In order to detect the rotational
state of laundry in rotary drum 1 during the rotation of
motor 5, the wvalue of current in motor 5 should not be

25 detected until the predetermined time period has elapsed

from the starti'ng operation of the motor because a current

-36-



20 nunber of times with respect to the total nunber of assessnent, it is
determ ned that the laundry floats on the wash water. As descri bed above,
since laundry floating state is determ ned only when the both nean and
anplitude val ues of 25 notor current are bel ow predeterm ned values in
accordance with the third enbodi nent of the present invention described -53
above, the probability of inaccurately detecting |laundry floating state can
be reduced, allowi ng nore accurate detection of laundry's rotational state.
If laundry floating state is detected in both of steps 5 350 and 351, the

smal | | auRdnyeaMxuntofot S5See ddt @R3P d f t RENGEWISE nSt&M3RA | SosKi pped
and step 353 is perforned. In steps 353, 354 and 355, the nunber of average

current assessnBRl sChe fiike thuHerrofat@midlt ude assessramd &l andréher ot al
nunber of assessnment CT are cleared to performa next 10 small |aundry

anount assges®mmnt, respectively. After finishing small |aundry anount
assessnent 3 judgnent in step 356, the process goes back to the flow chart
in Figs. 13A antin18Bean@0d ,wat ecudranh sopiiblhidpr doessrps jperdeteetedn step
309. Here, the water drain control 15 process is identical to that

descrd bed SitfcRi g&e FAlared @B dur raidoridamat o th thechanaged eppodh HRPRUS and
description thereof will be omtted. By reducing the anmpunt of wash water

t hr ough tWéqﬁnﬁﬁe(ﬁ?ﬁ?F%Rﬁﬁ%OFYC%ﬁe°F¥é8tPGVaﬁ§ﬁTsﬁeﬁ¥P%ﬁd¥%uﬁﬂ??r%%n be
d., 20 Af . finishi fl h i i 0S. d h

o ocoss gigs Btk VSR STCRhEt hBLFF b CRAPEYShali™ n 1 gl Kasa SI%1 138

pTocess 3 pacs o : WIT, A

el apsed. ASvsansRpda SR oFORERTEL Br b Toss arpe Lt Dot e By, "B

.rotating it hg,gotoL ?e%ﬂi@nafg@d Phoeﬁk%gﬁ?a%&omtﬁecﬂw periERCt {00

alternately according to the timng chaft 1n Fig. 9, whether a conplete -54

opergd i ONyaxGyfine MaSobeen rireatheshlld the MHOrméaiMuRg dddBx hesr hokt
passed yet, the process goes back to step 307 to performsnall |aundry

anount assedsreenmhiagai are Whetat hednduaed ndr iavipyg dd treernhiase g astee , poni ddhe
ot her hand, notor 5 is 5 turned off in step 311.
(for example, 2 seconds, or time period required for motor 5
to make one revolution).

A method for obtaining a current amplitude Imo_amp

15 will be described hereinafter with reference to a flow chart
in Fig. 11.

In step 220, it is determined whether it 1is time to
detect the current of motor 5. If the motor current is set
to be detected every 0.1 second, it is determined whether

20 0.1 second has passed after the previous detection. If 0.1
second has elapsed, the process goes to step 221 to detect
current. Before the lapse of 0.1 second, however, the
detection of current is not performed and step 228 is
executed to terminate the current subroutine.

25 In step 221, a voltage signal corresponding to a

current value of motor 5 detected by current detector 24 is
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If the lapse of the tine for off-operating nmotor 5 is detected in step 312,
it is determned in step 313 whether a washing tine (for exanple, 30

m nutes) for the washing operation has passed. Wth the | apse of the
washing tinme, 10 step 314 is perforned so that a next process (a rinsing
process after draining wash water) is conducted. |If the washing tine has
not passed yet, the process goes back to step 305 in which notor 5 is
started again to continue the washing operation and the presence of |aundry
floating state 15 is checked. As described above, the state where the
laundry appyptmistsABkb 2Bd e 1leaundry an% idonfthRe 1ot aty hiidulrateyy ¥ drum
1 is detected by using a current value of notor 5 and anplitude thereof

whi ch aremgebecteddentcurd id Upbedtrom h0imnds wbltheef redenaat.at iTon
state of laundry is detected, a predeterm ned anount of wash water is

drai ned febepwake;, tohtIoldert Nt cvewastiitrey dher atda>dmudepiaire durrdrite

| aundry's current state can be perforned, while fully renoving soils from

t he | aundvylug5 vty ewver fosi nee cont pbEhéning déteecampl atindey'od gtattay in
rotary drum1 by using a current value of nmotor 5 -55 detected by current
det et or gurgaptng ali@Bhi M ®pERELMEA, BOTAUNEY Hardat VA§USt atleC_ iR *xhi ch

| aundry floats on wash water and nechanical force is not gro erly applied
to the | abiRdFY chRPBESEBEECt EHS FurPR8FC bY2PeRf ARYRG dCY irﬁ}#ﬁfp%ashi ng

operation_based o éhe anmount or_the .types_of | undr¥ af% [ correcghp t he
| aundry fVSiPFﬁg g? ?SFeg?rfoca.a%k_fé%n&gﬁpﬁgg t hé Pau_ﬁ?y Rutiiciently.
rurther, ShRgeneANtROLEEr dov ke Yuis | AMOrY Pe SIAIL hBLbO! Aty i 1 by

using a current value o which I's detecte y current detector

24 after gapuedeiRs miged,{d @ Pehhad DASSASxARLAI MOLOF Burfeptarifre a
notor starting current contal ning overshoot during the starting of the

not arp canThe hERQr @te PRt AJtoM nG e actuiatBndletecddondfa lmmdry’ s
state in rotary drum1l. 15 Furthernore, controller 15 determ nes that the

| aundry anmsitnunnmotbar yudmemtl viad usemdino amack.l aundry is in the free
rotation therein when a current value of notor 5 detected by current
detector 24 is bel eter pRédetemtinedd aral Lie. oThuribgspeér fiomilimg anatethi ng

operation adequate for the laundry's 20 state thereafter, renoval of dirt
from | aun§Pyreah e lud r FRa_BiR LoFf iIRNEHNARI MreodBP L 1EPAEe Athefet®ect i on

of the current flow in tor 5 i,s equivalent to tq? direct detection of
the st at e “8f *FB4d exiﬁ?@d 0 %DPBPlgyﬂﬁaﬂﬂ€?§'§“§EE§Q§i Ha}BFarﬁ“ 1 can

e ST R B LA A e B A APl
detected so far, 1is compared with the presently obtained
motor current wvalue Imo. If the motor current value Imo is
lower ﬁhan ‘the minimum motor current value Imo_min, the
present motor current value Imo is set as a new minimum

20 motor current value Imo_min.

In step 224, it 1is determined whether it is time to
detect a current amplitude value. For example, if the
current amplitude value 1is set to be obtained every 2
seconds as described above, it 1is determined whether 2

25 seconds has passed after the calculation of the previous

current amplitude value. If it is fouhd that 2 seconds has
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. laundry in rotary druml is snmall and laundry is in the free rotation state
therein in case the fluctuation range of the current value of the notor 5
detected by current detector 24 during a washing operation is below a
predeterm ned value. 5 Thereafter, since washing operation corresponding to
different |laundry types can be perfornmed, dirt of laundry are fully renoved
fromthe laundry. Mreover, if the fluctuation range of the current val ue
of the notor is small, it can be estimated that laundry in rotary drum1l is
not 10 accurately rotated, thereby detecting the rotational state of

| aundry  B15pLany degm Frsddes My cgRbraklisr +8§ datsymnes jhatet he
anmount of laundry in rotary drum1 is small and laundry is the free
rotation stigkenthepgpnivbies aveunsentmy/alme Q=1 afaxd 15 dmberied hbys
current detector 24 during a washing operation is below a predetern ned

val ue andcalthetwat.i on range of the current value of the notor detected by
current detector 24 is below a predetermned |level as well. As a result,
nmore accurate de¢fotéonhef pasmsidigy' of s? aseconds ot Apyeredm BLEP 4P bes
carried out. Further, when it is detected that the ambunt of laundry in
rotary dr perforseshmgndard g agadrgnits $HEMEC ine isot BErBANEE&Ee t hBRRI N,
controller 15 drains a_ predeterm ned anount of wash water fnon1$§%er tub 3
by openi n§ifgt eknerEyal 29fval veeeande hbedeem t$REY ngetRETEPBe Fot B1% on
state of laundry while fully renmoving.dirt, fromthe | aundr - 57 As
descri bed ABGFET twm%gvarﬁb%%%lhe ACEHt dRTEE I AT h%l%)?‘@slé%‘fary

i nvention js_capabh of f i emmvi di . i ‘

per form néjlr i op iI!‘naﬁkn? vv%lg%i %%gé%glﬁg florgﬂrecgngloésrf%%%%@Jgﬁ%%anﬁo?r% e
types of hLaupdiy,, 55iThgr PLesent ti Brent isQR «eal De @PP)hed. t oryart@Hsent
apparatuses or equi pnent iIncluding a cléaning apparatus or a washing
machipe famAiarthfaridig was g, 2 réasditts ansk Wad €3 - exé r a6t hbgopadcesses by
using a rotary drum having an approxi mately horizontal or slanted

rot ati onalofaxisindy Awasdtiaxgy naodm rie. i n accordance with the present
invention can determ ne |aundry's state in a rotary drumregardl ess of the
anmount or the t¥pestep | 220dr $het emdpypnhakober | cuggssitbl e tue f Inpyminove
dirt fromlaundry. Wiile the invention has been_shown and described with 15
respect t@chethe eMariByMe MSGAMEHELCHE ViRl Re hdMGnBeXstedSd BYeT RIS el |

W thout dGPRT nGOF GHS hBSERT FIA-SHIG StoBb GPa hESrHoBh: (AT He AT 1 f6d i n
the Egllm%ggkflakggre%%. Thereafter, a small laundry amount
assessment 2 timing F indicating timing for small laundry
amount assessment is set by obtaining the current amplitude
of motor current in step 227. Then, the current subroutine
is terminated in step 228.

20 After the flow chart in Fig. 11 for obtaining current
amplitude wvalue 1is finished, the procesé goes back to the
flow chart in Figs. 10A and 10B, and a small laundry amount
assessment 2 Jjudgment is performed in step 208. A flow
chart for small laundry amount assessment 2 judgment is

25 shown in Figs. 12A and 12B.

In stép 230, it is determined whether the termination
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. -58. What is clainmed is: ‘1. A washing nmachine conprising: a rotary drum
havi ng an approximately horizontal or a 5 slanted rotational axis; a water
tub acconmodating the rotary drumtherein; a notor for rotating the rotary
drum a current detector for detecting a current of the notor; and 10 a
controller for controlling an operation of the notor and a series of
washi ng operations, wherein the controller detects a state of laundry in
the rotary drum based on a value of current in the notor during a washing
operation. 15 2. The washing machine of claim1, wherein the controller

control's the shaie oialhﬁwgryawuﬁ@e A yndiumpy usi ng.a curgentyyal ue
of the notor detected by the current detector
termination of small laundry amount assessment F is set, it
is interpreted that the state of having only a small amount
of laundry has been already detected and laundry flbating
5 state is being corrected by draining wash water from water
tub 3 for a predetermined number of times, that is, that
small laundry amount assessment of laundry need not be
performed again. If the termination of small laundry amount
assessment F i1s set, the process goes to step 242 and the
10 current subroutine is terminated; if otherwise, step 231 is
performed. In step 231, it is determined whether the state
of having only a small amount of laundry has been detected
and draining of wash water is now being performed to correct
the laundry floating state. If draining of wash water is
15 now being carried out, the process proceeds to step 242 to
end the current subroutine, for draining for small laundry
amount F 1s set while the draining is being performed,
during which the small laundry amount assessment is not
necessary. If draining of water is not being performed, it
20 is determined in step 232 whether a small laundry amount
assessment 2 timing F is set.

The small laundry amount assessment 2 timing F is a
flag indicating that a current amplitude value Imo_amp of
motor current has been obtained. If the flag is set, it

25 means that a new current amplitude value Imo_amp has been

obtained, so that the process goes to step 233 in order to
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. after a predetermned tine period after starting the notor. 20 3. The
washi ng machi ne of claim1 or 2, wherein the controller determnes that the
laundry is in a free rotation state where the contact between the rotary
drumand the laundry is mnimal in the rotary drumif the current val ue 25
of the notor detected by the current detector is bel ow a predeterm ned

val ue. -59 4. The washing machine of claiml or 2, wherein the controller
determnes that the laundry is in a free rotation state where the contact
between the rotary drumand the 5 laundry is mninmal in the rotary drumif

" oorLeabERCkTaRath S atae b S O ke 10

control ler detefy nasd hagst hechaundiy 1i s1h0ndr{r egnd i@t bQRessment 2
timing F is cleared for next detection. Then, 1 is added to
a total number of assessment CT representing the total
5 number of small laundry amount assessment 2 (i.e.,
repetition number of the step of calculating a current
amplitude value Imo_amp) in step 234. Thereafter, in step
235, 1t 1is determined whether a 3just obtained current
amplitude value Imo amp is lower than a predetermined value
10 (for example, 0.5 A). In case the laundry amount 1is small
relative to the amount of wash water and, thus, the laundry
floats in the wash water, a load (torque) exerted on motor 5
is reduced and a change in load is also reduced while rotary
drum 1 (motor 5) makes one revolution. Accordingly, if the
15 amplitude value of motor current is 1lower than a
predetermined value, it may imply that laundry is in the
free rotation state with no load exerted thereon. In such
case, it is determined that the laundry floats in the wash
water and therefore, 1 is added to the number of small

20 laundry amount assessment CT in step 236.

In step 237, it is determined whether the total number
of assessment CT is greater than a predetermined value (for
example, 20). In order to improve the accuracy of detection,
the rotational state of laundry is determined after

25 performing the detection multiple times. Specifically, if

the total number of assessment reaches a predetermined value,
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. state where the contact between the rotary drumand the laundry is m ni nmal
inthe rotary drumif the current value of the notor detected by the
current detector is below a predeterm ned value and a fluctuation range of
the current 15 value is below a predeterm ned value. 6. The washi ng nmachi ne
of any one of clainms 3 to 5, further conprising a water draining unit for
drai ning wash water fromthe water tub, wherein a predeterm ned anount of
20 wash water is drained fromthe water tub by using the water draining
unit when the controller determnes that laundry is in the free rotation

state in the jotare G &ngnh i e paOYAL ALt Be dral ned wash water dSIf -

controlled by directly regulating the anmount of wash water. dra| ne

the water t28 t wbt1 bynGaBEKO! IdNg astbBBmBaEi 0didey dratni n@aeash wad er.
-60 . AFa. AFh. A3{1 . A3. A3. A. . A3& AF& A3L. A3L. A L.A39.A9.A3L.A .9.A U A A

. A9. A3&. ABAedAEBrA&nAR. Av&lA3.,9. AocPehd®, AYthAF. Autr &€ ASSLAYLt ARe A is

A9. Ah" . A" .AU . A . A s. A . A .AL. AL. AL. AF . AY9. AYs. A{s. A{ . AhL. A

A . A39. A" tazRinatafl 1AL sAlep+ 24X reradS®@ the detection is continued.

N fgr{vqgl gb] Wc”"a] ca] ca] c%%ca] cal ca] ca]ica] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj
ca] ca] ca] ca] ca] Ba] é48Pcad T cAd] cdRa] échpeained YWhatfjer vthe number of
Q&&++11" 7* 79<| wr nhc” Y] gb] W ] ca] ca] ca] ca] caj ca] ca] ca] ca] ca] ca] ca] ca] ca] chalc
a] ca] c~a] ég}]aéé] cé]aea]dcréq carearda terdfTcrd|cragreater

<<>7?"' ?[?70Q EAVAFELLdPf PPPP QL xsnich cal ca]
ca] ca] ca] E’?]é €& RFC] ¥aT L] CQJ]DOC’")a] 8%?%61] anJﬂ:a] caﬁchH‘ﬁ] c xi’: t'c%f}eca] caj
ca] ca] cal ‘K}R{_L RRV. [\ 8% c:ccc q:adj 9 %kkk] val b] X]b] Ga ca] ca] caj
cal ca] c”a] caﬁca] ca ca caj ca ca ca] ca % % q’]%ca] cal ca ca] ca ﬁ Ja“] caz] cal ca

]Ca]Ca]CA%k%@e%%&HH¥eruhEbéI{' 55@()@B¥HHHFA ghbasakbeak Cahf %§]QQﬁica]C

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca ca] cal ca]ca] cal ca]ca]ca] ca]ca! N

K" " cx@p#MUpx seisd waltl ced 59 €8] €8] €récabeal cahedkealorallma]tcal oal £ cal ¢

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! US[ JR>i vWK| | w nmhc”Y] ] ] ca] ca] ca]

ca] ca] ca] dakeadiakca]ttad tafba] dauwalwa] £hdeas cahcajast] cabtafca] dd] cajea) cal
A QY

ggliciﬁ%é?ﬁ@ag@%ﬁnmmmmmw,Z]qr]e] czrjaa] cbﬁ}t@athsa]mmq cal ca

] ca] ca] ca% a] ca] ca] ca] ca] ca] ca] ca] ca] ca] Ci% ca] ca}aca] ca] ca] ca] ca] ca] ca] ca! DD

EELEEFFF9 @1tSFFft§§I IN\QBBBBB%@@I ep] éaPcapcafd cd]tajtss cal ca

ek LBt B B LA
AlX}l°3 I%%é%nQ) %‘@%%@%é)cf-aX§ the total number of assessment CT
are cleaied, respectively.

After completing small laundry amount assessment 2
judgment in step 242, the process goes back to the flow
chart in Figs. 10A and 10B and a water drain control process

20 is performed in step 209. Here, the water drain control
process is identical to that described in Figs. 8A and 8B in
accordance with the first embodiment, thus its description
will be omitted. By reducing the amount of wash water
through the water drain control, the free rotation state of

25 laundry can be corrected.

After finishing the water drain control according to
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the flow chart in Figs. 8A and 8B, the process goes back to
step 210 in the flow chart shown in Figs. 10A and 10B. 1In
step 210, it is determined whether a time for driving motor
5 has elapsed. As described above, since washing operation
5 is conducted by rotating the motor in the clockwise and the
counterclockwise direction alternately according to the
timing chart in Fig. 9, whether a complete operation cycle
has been reached. If the mofor driving time has not passed
yet, the process goes back to step 207 to perform small
10 laundry amount assessment again. When the motor driving
time has passed, on the other hand, motor 5 is turned off in
step 211.
If the lapse of the time for off-operating motor 5 is
detected in step 212, it is determined in step 213 whether
15 the washing time (for example, 30 minutes) for the washing
operation has passed. With the lapse of the washing time,
step 214 1s performed so that the next process (rinsing
process after draining wash water) 1is performed. If the
washing time has not passed yet, the process goes back to
20 step 205 in which motor 5 is started again to continue the
washing operation and the existence of laundry floating
state is checked.
As described above, the state where the laundry amount
is small and the laundry is in the free rotation state in
25 rotary drum 1 is detected by using the amplitude of current

value of motor 5 which 1s detected by current detector 24.
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predetermined amount of wash water is drained from water tub
3, so that a washing operation adequate for the laundry’s
current state can be performed, while fully removing dirt

5 from the laundry.

Third embodiment

A washing machine in accordance with a third preferred

embodiment of the present invention will now be described

10 with reference to Figs. 13 to 15, in which components

identical to those described in the first or the second

embodiment will be assigned same reference numerals and
description thereof will be omitted.

After loading laundry into rotary drum 1, power-on

15 switch 16f is turned on and an operation course is selected

by using course setting switch 16d depending on the type of

the laundry. Then, once start/pause switch 16e is pressed

in step 300, the operation of the washing machine is started.

First, controller 15 rotates rotary drum 1 and detects

20 the laundry amount in rotary drum 1 by using laundry amount

detector 27 in step 301. Then, in step 302, ranking of the

detected laundry amount is determined from 0 to 3 by every 2

kg. That is, the amount from 0 to 2 kg is ranked as 0; 2 to

4 kg as 1; 4 to 6 kg as 2; and 6 to 8 kg as 3. Then, based

25 on the detected laundry amount, a required amount of

detergent 1s displayed on number display unit 17g while
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0-@ For example, the water amount (controlled by water
level) supplied in water tub 3 during a washing operation is
5 set based on the detected laundry amount as shown in Table 1.
Thereafter, a washing cycle is initiated from step 303. 1In
step 303, water supply valve 12 is turned on, so that wash
water is fed into water tub 3 up to a set water level as
illustrated in Table 1. When the laundry amount is large,
10 the water level is set to be high while it is set to be low
when the laundry amount is small. In step 304, motor 5 is
driven to rotate rotary drum 1, thereby initiating the
washing (cleaning) operation. During the cleaning operation,
moéor 5 1is rotated in a clockwise and counterclockwise
15 direction alternately according to a timing chart shown in
Fig. 9, to thereby rotate rotary drum 1 while reversing its
rotational direction.
In step 305, operation of motor 5 is started. Then, in
step 306, it is checked whether a predetermined time period
20 (for example, 3 seconds) has passed after starting the
operation of motor 5. If the predetermined time period has
elapsed, the process goes to step 307 where the current of
motor 5 is detected by current detector 24. Since a torque
(starting torque) greater than that needed to rotate motor 5
25 in a running state is required to start motor 5, a greater

amount of current flows in motor 5 when starting motor 5.
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time elapsed after starting motor 5 and the current flowing
in motor 5 during the rotation of motor 5, respectively.
Since there exists an overshoot in the current flowing in
motor 5 for a predetermined time period (for example, 3
seconds) after starting motor 5, it takes a predetermined
time period (3 seconds) for the current of motor 5 to be
stabilized. Here, the level and the time of the overshoot
vary depending on the starting control method of motor 5.
Thus, the time required to stabilize the current of motor 5
would also differ depending on the starting control method.
Accordingly, the time for the stabilization of motor current
is set through a trial experiment or the like after
determining the starting control method. In order to detect
the rotational state of laundry in rotary drum 1 during the
rotation of motor 5, a current value of motor 5 should not
be detected until the predetermined time period elapses
because a current value of motor 5 measured at a time of
starting motor 5 does not always reflect the rotational
state of laundry in rotary drum 1.

In step 307, an average current value of motor Imo_avg
and a current amplitude Imo_amp of the current value are
detected. There sometimes occurs a case where the current
value of motor 5 instantaneously changes under various
conditions (nolse delivered to a detection circuit, minute

change in the rotational state of laundry, etc.). Further,
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as shown in Figs. 4A and 4B, since a current value of motof

5 is changed synchronous with the rotational cycle of rotary
drum 1 (laundry returns to its initial state after rotary
drum 1 makes one revolution), the rotational state of

5 laundry in rotary drum 1 can be estimated by using an
average current value of motor Imo_avg which 1is obtained
during a predetermined time period (for example, 2 seconds,

or time period required for motor 5 to make one revolution).
Moreover, since a current value of motor 5 is changed

10 synchronous with the rotational cycle of rotary drum 1
(laundry returns to its initial state after rotary drum 1
makes one revolution), the rotational state of laundry in
rotary drum 1 can be assessed by using a difference between
a maximum motor current value and a minimum motor<ﬁurrent

15 value which are obtained during a predetermined time period
(for example, 2 seconds, or time period required for motor 5
to make one revolution). By detecting such two states
together, a more accurate detection of the rotational state
of laundry in rotary drum 1 can be made.

20 A method for obtaining an average current value of
motor Imo_avg and a current amplitude Imo_amp will be
described hereinafter with reference to a flow chart in Figs.
14A and 14B. In step 320, it 1s determined whether it is
time to detect the current of motof 5. For example, if the

25 motor current is set to be detected every 0.1 second, it is

determined whether 0.1 second has passed after the previous
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step 321 to detect the current. Before the lapse of 0.1

second, however, the detection of current is not performed

and step 331 is execgted to terminate the current subroutine

5 In step 321, a voltaée signal corresponding "'to a

current value of motor 5 detected by current detector 24 1is

transmitted to controller 15, and controller 15 calculates a

motor current value Imo from the input voltage signal. 1In

step 322, controller 15 then adds the currently obtained

10 motor current value Imo to a summation of motor current

values Isum for obtaining an average current value. At this

time, 1 is added to the summation count Ct for counting the
number of summation steps.

In step 323, controller 15 overwriﬁes a maximum motor

15 current value Imo _max for obtaining the amplitude of motor

current. Then, the maximum motor current value Imo_max,

which represents the highest value among motor current

values detected so far, is compared with the motor current

value Imo just obtained. If the motor current value Imo is

20 higher than the maximum motox currenﬁ value Imo_mak, the

latest motor current value Imo is set as a new maximum motor

current value Imo_max.

In step 324, controller 15 overwrites a minimum motor

current value Imo min for use in obtaining the amplitude of

25 motor current. Then, the minimum motor current value

Imo_min, which represents the lowest value among motor

—-48-—



| % & ()-S PPPPPPPt RO*!)0! 10% % | % & ()-0!)0! 10% % | % & ()-!) 0! 10% % | %
& ()-%0!10% % | % & ()-)0! 10% % | % & () -/ K8c/ ! PPPPPPPoMt* 1) O! 10%At/o|!%)
& ()-(1)0!10% % | % & ()-(!)0! 10% % | % |

current values detected so far, is compared with the motor
current value Imo just obtained. If the motor current value
Imo is lower than the minimum motor current value Imo_min,
the latest motor current value Imo is set as a new minimum

5 motor current value Imo min. In step 325, it is determined
whether it is time to detect an average current value of
motor and a current émplitude value. For example, the
average current value of motor and the current amplitude
value are set to be obtained every 2 seconds for the reason

10 as described above. If it is determined that a
predetermined time (2 seconds) has passed affer the previous
detection, the process then proceeds to step 326.

In step 326, average current-value of motor Imo_avg is

calculated from the summation of motor current values Isum
15 and the number of summation steps Ct by using a formula:

Imo_avg = Isum/Ct. After obtaining the average current

value of motor Imo avg, the summation of motor current

values Isum and the number of summation steps Ct are cleared

in step 327 in order to obtain the next average current
20 value of motor Imo_avg.

In step 328, after calculating a current amplitude
value Imo_amp (=Imo_maxXx - Imo min), the minimum motor
current value Imo min and the maximum motor current value
Imo max are cleared for next detection of the current

25 amplitude of motor current in step 329. In step 330, the

mean value and the current amplitude value of motor current
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are obtained and a small laundry amount assessment 3 timing

F indicating'a.timing for small laundry amount assessment is

set. Thereafter, the current subroutine is terminated in
step 331.
5 After the flow <chart in Figs. 14A and 14B for

obtaining the mean value and the amplitude value of motor
current is finished, the process goes back to the flow chart
in Figs. 13A and 13B, and small laundry amount assessment 3
judgment is performed in step 308. A flow chart for the

10 small laundry amount assessment 3 judgment is shown in Figs.
15A and 15B.

In step 340, it is detérmined whether the termination
of small laundry amount assessment F is set. If the
tefmination of small laundry amount assessment F is set, it

15 is interpreted that a state of having a small amount of
laundry has been already detected and laundry floating state
is being corrected by draining wash water from water tub 3
for a predetermined number of times, that is, that small
laundry amount assessment of laundry need not be performed

20 again. Therefore, the process goes to step 356 to terminate
the current subroutine.

If the termination of small laundry amount assessment
F is not set, on the other hand, the process goes to step
341 in which it is determined whether the state of having a

25 small amount of laundry has been detected and draining of

wash water is now being performed to correct the laundry
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floating state. If draining of wash water is now being
carried out, the process proceeds to step 356 to end the
current subroutine, for draining for small laundry amount F
is set while the draining is being performed, during which
the small laundry amount assessment is not necessary.

If draining of water 1is not being performed, it is
determined in step 342 whether the small laundry amount
assessmént 3 timing F is set. As described before, the
small laundry amount assessment 3 timing F is a f£flag
indicating that an average current value of motor Imo_avg
and a current amplitude value Imo _amp have been obtained.
If the flag 1is set, it means that a new average current
value of motor Imo_avg and a new current amplitude value
Imo_amp have been obtained, so that the process goes to step
343 in order to perform small laundry amount assessment 3.

In step 343, the small laundry amount assessment 3
timing F is cleared for next detection. Then, 1 is added to
a total number of assessment CT representing the total
number of small laundry amount assessment 3 (i.e.,
repetition number of the step of calculating an average
current value of motor Imo_avg and an current amplitude
value Imo_amp) in step 344.

Thereafter, in step 345, it is determined whether the
currently obtained average current value of motor Imo avg is
lower than a predetermined value (for example, a peak'valué

of the average current value of motor Imo avg is equal to or
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thereon. In such case, it is determined that the laundry
20 floats on the wash water and 1 is added to the number of
amplitude assessment CT in step 348.

In step 349, it is determined whether the total number
of assessment CT is greater than a predetermined value (for
example, 20). In order to improve the accuracy of detection,

25 the rotational state of laundry is determined after

performing the detection of the current amplitude multiple
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times. Specifically, if the total number of assessment

reaches a predetermined value, it is determined that the
laundry really floats in the wash water. If the total
number of assessment does not reach the predetermined value,
5 however, the current subroutine is terminated in step 356 to
continue the detection of the current amplitude.
In step 350, it is determined whether a number of
‘average current assessment CT is greater than a
predetermined value (for example, 19). If the average
10 current value of motor is found to be below a predetermined
level more than a predetermined humber of times with respect
to the total number of assessment, 1t is determined that =a
laundry floating state is present. In case of detecting the
laundry floating state, detection of laundry’s state is
15 performed again through the use of current amplitude in step
351. In step 351, it is whether the number of amplitude
assessment CT is greater than a predetermined value (for
example, 19). If the current amplitude value is detected to
be below a predetermined level more than a predetermined
20 number of times with respect to the total number of
assessment, it is determined that the laundry floats on the
wash water.
As described above, since laundry floating state 1is
determined only when the both mean and amplitude values of
25 motor current are below predetermined values in accordance

with the third embodiment of the present invention described
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process goes back to step 310 in the flow chart shown 1in

Figs. 13A and 13B. 1In step 310, it is determined whether a
time for driving motor 5 has elapsed. As described above,
since washing operation is conducted by .rotating the motor
25 in the clockwise and counterclockwise direction 'a.lt'ernately

according to the timing chart in Fig. 9, whether a complete
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If the lapse of the time for off-operating motor 5 is
detected in step 312, it is determined in step 313 whether a
washing time (for example, 30 minutes) for the washing
operation has passed. With the lapse of the washing time,
10+~ step 314 is performed so that a next process (a rinsing
process -after draining wash water) is conducted. If the
washing time has not passed yet, the process goes back to
step 305 in which motor 5 is started again to continue the
waéhing operation and the presence of laundry floating state
15 is checked. .
As described above, the state where the laundry amount
is small and the laundry is in free rotation in rotary drum
1 is detected by using a current value of motor 5 and
amplitude thereof which are detected by current detector 24
20 and, 1if the free rotation state of laundry is detected, a
predetermined amount of wash water is drained from water tub
3, so that a washing operation adequate for the laundry’s
current state can be performed, while fully removing soils
from the laundry.

25 Moreover, since controller 15 detects laundry’s state

in rotary drum 1 by using a current value of motor 5

-55-



. 940% % & ()-/ MRSTUDhVU410 |° 940%_%& ()-/ ~n’ %0%_%& ()-/ Y
0%40% % & ()-/10°r% 10°r% 10°r% FS,,10%r% & ()- ~

040% %&' ()-/|[:-410M %M FS;-1090M %& ()-~ q 9%0% _9%& ()-/Y Fn°

V0% VB ()-/ | %0% %& ()-/ g %0%m & ()-/ F

0409 %V& () -/ MKkbA410M %M F F9Z%40% L% & ()-" gZ%d0% L% & ()-"

ASOZYLOYRLURE ()-" FY " 10% L% & () -

FLs$109% L% & () - g10M 98ILOM 98Kk SXYZ[ cWW510M F+L94.0% $: & () -/

FLYA0% $: & ()-/10: L% 10: L% 9%40: L% F, @ 10% L% & () -

0 ' " ' " . .
LG RALRDAI 0 ssthol b U S WL, uperasion
YLYAOYLIAE {JahJMpV AR thln fA 0% e84 & ) whibh %:0Mdardf &ELpatsgdn wash
‘Vd.p% %& ()-/ &L ? 0% %' ()-/10:L% 10: L% 10: L% " F, S; 10% L% & () - pw obU410
7F %4.0% $&aer 180d YankQhadpitdlr U gr &&@ 1 §0%atds @ ¢petly L awb0ew {9 - the, L
laundry can be detected. Further, by performing an optimum
5 washing operation based on the amount or the types of
laundry after correcting the laundry floating state, dirt
can be removed from the laundry sufficiently.
Further, since controller 15 determines laundry’s
state in rotary drum 1 by using a current value of motor 5

10 which is detected by current detector 24 after a
predetermined time period passes after motor 5 is started, a
motor starting current containing overshoot during the
starting of the motor can be ignored, thereby allowing more
accurate detection of laundry’s state in rotary drum 1.

15 Furthermore, controller 15 determines that the laundry
amount in rotary drum 1 is small and laundry is in the free
rotation therein when a current value of motor 5 detected by
current detector 24 is below a predetermined value. Thus,
by performing a washing operation adequate for the laundry'’s

20 . state thereafter, removal of dirt from laundry can be -
carried out sufficiently. Moreover, since the detection of
the current flowing in motor 5 is equivalent to the direct
detection of the state of load exerted on motor 5, laundry’s
state in rotary drum 1 can be accurately and simply detected

25 by detecting an absolute value of motor current.

Further, controller 15 determines that the amount of
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more accurate detection of laundry’s state in rotary drum 1
20 can be carried out.

Further, when it is detected that the amount of
laundry in rotary drum 1 is small and laundry is in the free
rotation state therein, controller 15 drains a predetermined
amount of wash water from water tub 3 by opening water drain

25 valve 11, thereby mitigating the free rotation state of

laundry while fully removing dirt from the laundry.
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5 The present invention can be applied to various apparatuses
or equipment including a cleaning apparatus or a washing
machine for performing washing, rinsing and water;extracting
processes by using a rotary drum having an approximately
horizontal or slanted rotational axis.

10 A washing machine in accordance with the present
invention can determine laundry’s state in a fotary drum
regardless of the amount or the types of laundry, thereby
making it possible to fully remove dirt from laundry.

While the invention has been shown and described with

15 respect to the preferred embodiménts, 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 thé following

claims.

20
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What is claimed is:

1. A washing machine comprising:

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

a water tub accommodating the rotary drum therein;

a motor for rotating the rotary drum;

a current detector for detecting a current of the
motor; and

a controller ‘for controlling an operation of the motor
and a series of washing operations,

wherein the controller detects a state of laundry in
the rotary drum based on a value of current in the motor

during a washing operation.

2. The washing machine of claim 1, wherein the controller
controls the state of laundry in the rotary drum by using a
current value of the motor detected by the current detector

after a predetermined time period after starting the motor.

3. The washing machine of claim 1 or 2, wherein the
controller determines that the laundry is in a free rotation
state where the contact between the rotary drum and the
laundry is minimal in the rotary drum if the current value
of the motor detected by the current detector is below a

predetermined value.
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4, The washing machine of c¢laim 1 or 2, wherein the
controller determines that the laundry is in a free rotation
state where the contact between the rotary drum and the
laundry is minimal in the rotary drum if a fluctuation range
of a current value of the motor is below a predetermined

value.

5. The washing machine of claim 1 or 2, wherein the
controller determines that the laundry is in a free rotation
state where the contact between the rotary drum and the
laundry is minimal in the rotary drum if the current value
of the motor detected by the current detector is below a
predetermined value and a fluctuation range of the current

value is below a predetermined value.

6. The washing machine of any one of claims 3 to 5,
further comprising a water draining unit for draining wash
water from the water tub, wherein a predetermined amount of
wash water is drained from the water tub by using the water
draining unit when the.controller determines that laundry is
in the free rotation state in the rotary drum and the amount
of the drained wash water is controlled by directly
regulating the amount of wash water drained from the water

tub or by controlling a time period for draining wash water.
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