DESCRI PTI ON  DRUM TYPE WASHI NG NACHI NE AND | TS CONTROL METHOD TECHNI CAL
FIELD 5 Th relates to a drumtype washing machi ne
havi ng a drum whj c ed for washing and dehydration. PRI OR ART
Conventional dru @wm \m\m\ng machi nes have a 10 drumrotatabl e about a
generally,horizo on axis wthin an outer tub, and laundry is
retained in the drumtis®¥* such a conventional drumtype washing nmachine, an
eccentric'load is liable to occur due to uneven distribution of the

| aundry ré&tained in the drum durj dration thereby to cause

vi bration d produce noises Eﬁggﬁi??ﬂgg§ brations. Particularly, greater
vibratio ocgur at_the start of the dehydration. Conventional nmeasures for
suppr esstQnPBPM e PR i BASHILNG MRACHIMNENS MRl T8 CON TRy MEFASD: i bution of
20 the laundry are to perform a disentangling process for disentangling the
| aundry in water retained in the drum before the dehydration and to
support the outer tub by a danper which is capable of accomodating the
eccentri FEGHRECAAFEELY t he unevenly distributed |aundry. 25 Wth these

conventional neasures, the vibrations 2
5 The present invention relates to a drum- type

washing machine having a drumwhich is rotated for washing
and dehydration.
PRIOR ART
Conventional drum-type washing machines have a
10 drum rotatable about a generally horizontal rotation axis
within an outer tub, and laundry is retained in the drum.
In such a conventional drum-type washing machine,
an eccentric load is liable to occur due to uneven
distribution of the laundry retained in the drum during
15 dehydration thereby to cause vibrations and produce
noises due to the vibrations. Particularly, greater
vibrations occur at the start of the dehydration.
Conventional measures for suppression of the
vibrations occurring due to the uneven distribution of
20 the laundry are to perform a disentangling process for
disentangling the laundry in water retained in the drum
before the dehydration and to support the outer tub by
a damper which is capable of accommodating the eccentric

load caused by the unevenly distributed laundry.

25 With these eonventional measures, the vibrations
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occurring at the start of the dehydration can be alleviated, but the

vi brations occurring during the dehydration cannot sufficiently be
suppressed. Therefore, a drumtype washi ng machine featuring suppressed 5
vibrations is demanded. The drumtype washi ng machine is generally
installed on the floor, and the height thereof (the apparent height of a
housing thereof) virtually corresponds to the height of the waist of a
user. The 10 washi ng machi ne has a door provided on a front face of the

housi ng for | oadin unl oadin he laundry with respect to _the, drum
Ther ef or éf?‘f‘ﬁﬁrﬂl?@?aﬁ%g‘et 8 L&t o‘bg t;hcﬁ d?ﬁé(qdro%tdjr NLs) Cfr{bgﬁrﬂ%o};%ﬁ’ﬁatt&d 't he
| aundry. Accordingly, there is an inconveni ence en the | aundry is | oaded

in 15 afPl FBSASE I ok ORS RHT i 861 CRURE OF TRE JNVERFEEN D view of

the foregoing, it is an object of the present invention to provide a
drum t yp& aRIBALNG Ufelchf hBN T e | SURPRERT Y - f r EBeEFdR Y% br &t i ons and
noi ses during 20 dehydration. It is another object of the present
i nvent i oW -pyeE dead ahdpgdmmagel nashiedd Wathfné LRIF TS $AEl udes a
mechani sm for preventing vibrations and noises even if laundry is
dehydpat edi b naan omseviesl gediagtdddut ed state. 25 It is further another
obj ect of the present 3
The drum-type washing machine 1is generally
installed on the floor, and the height thereof (the
apparent height of a housing thereof) virtually
corresponds to the height of the waist of a usexr. The
10 washing machine has a door provided on a front face of
the housing for loading and unloading the laundry with
respect to the drum. Therefore, the user has to stoop
forthe loadingandunloadingof the laundry. Accordingly,
there is an inconvenience when the laundry is loaded in
15 and unloaded from the drum.
DISCLOSURE OF THE INVENTION
In view of the foregoing, it is an object of the
present invention to provide a drum-type washing machine
which is virtually free from vibrations and noises during
20 dehydration.
It is another object of the present invention to
provide a drum-type washing machine which includes a
mechanism for preventing vibrations and noises even if

laundry is dehydrated in an unevenly distributed state.

25 It is further another object of the present



invention to provide an inproved drumtype washing nmachine which ensures
that |aundry can easily be loaded in and unloaded froma drum It is stil
anot her object of the present inventioh 5 to provide a drumtype washing
machi ne control nmethod which suppresses vibrations and noi ses caused by an
eccentric |load occurring due to uneven distribution of laundry in a
drumtype washi ng machi ne. The aforesaid objects of the present invention
will 10 be achieved by inventive features as set forth in the appended
claims. In acc%rdance with an,inventive feature as %_ inclaiml, a
pl ural ity oY ©p d&QiE%aﬁﬁ@ﬁ%%ﬁeanlﬁ&ﬁﬁﬁ%ﬁ Tﬂeﬁmtﬁ%ﬁ?tvaﬁ HQ%Uld
chanbers are grOV|ded 15 circunferentially e U|d|stanth§ grOﬁn otation
atio

axis of BAaRame ¥hd SR UFEs betotZEH T h SYRCHT DA t he
drumand to retain a liquid therein with a centrifugal force. Therefore,
the respek®i 989 iYgui @2 deRarfF&t™ %r@rﬂﬁlled with the l'iquid and, in response
to 20 detection of the magnitude and position of an eccentric | oad
occurring due toltnevert i seriditebwoiefapideReiprespatdiaFetHeen iquid is
di scharged selectively fromthe 1liquid chanbers to cancel the eccentric
| oad. SThuse PheVistreat drgn-daPocéashilmg duechdnehe ameveh diedthrdduti on
25 of the laundry is canceled by the liquid retained 4

which suppresses vibrations and noises caused by an

eccentric load occurring due to uneven distribution of
laundry in a drum-type washing machine.

The aforesaidobjectsof thepresent inventionwill

10 be achieved by inventive features as set forth in the
appended claims.

In accordance with an inventive feature as set
forth in claim 1, a plurality of liquid chambers are
included. The pluralityof liquid chambers are provided

15 circumferentially equidistantly around a rotation axis
of a drum, and adapted to be rotated in synchronization
with the drum and to retain a liquid therein with a
centrifugal force. Therefofe, the respective liquid
chambers are filled with the liquid and, in response to

20 detection of the magnitude and position of an eccentric
load occurring due to uneven distribution of laundry in
the drum, the ligquid is discharged selectively from the
liguid chambers to cancel the eccentric load. Thus, the
eccentric load occurring due to the uneven distribution

25 of the laundry is canceled by the liquid retained



selectively in the liquid chanbers even when the drum is rotated at a

hi gher rotation speed for dehydration. Therefore, a drumtype washing
machi ne can be provided which features suppressed vibrations and noises. 5
In accordance with a feature as set forth in claim 12, the magnitude of
the eccentric load to be canceled can be reduced by perform ng a

G bal anci ng operation for roughly distributing clustered |aundry in the
drum Thus, the drumtype washi ng machi ne can perform a dehydrating 10

process whi| e suppr.essing, vi brations apd_noises._ILn cQr e;wmMth a
featureeﬁ?L%?%ﬁ&%ﬁyi¥PcF5le ,lﬁhggﬁﬂ? 5% ?%?3t%§%bﬁ$%gbg$ﬁgtilted
at an angle of not greater. than 30 degrees with respect to a _horizontal
line. ThusS ?%Eaﬂﬁﬁhg@yﬁb EhF hgT RECH T eTREF sfPﬁaF%ﬁyﬁ%@tﬂgﬁhdry can
easily be | oaded in and unl oaded from the drum In accordance with a
control MRRBATEE Sgetd {THH- VR SCHATH BTY DR BPATISONSTaRE of S84 9€85n Dbe
suppressed which nay be caused by an eccentric |oad occurring due to the
20 unevervhii shr ifle@tiwie of stip® 1eemedy ViIRTEhyeREntE F diC hehSevi ng t he
foregoing and other objects of the present invention wll become apparent
from bhe fol | owi hy @eseridan on wift lerbdgiatants agd siet ferdlendectd itthe

attached draw ngs. 25 BRI EF DESCRI PTI ON OF THE DRAW NGS 5
12, the magnitude of the eccentric load to be canceled

can be reduced by performing a G-balancing operation for

roughlydistributingclustefedlaundryinthedrum. Thus,

the drum-type washing machine can perform a dehydrating
10 process while suppressing vibrations and noises.

In accordance with a feature as set forth in claim
25, the drum is rotated while being tilted at an angle
of not greater than 30 degrees with respect toahorizontal
line. Thus, the drum-type washing machine ensures that

15 the laundry can easily be loaded in and unloaded from
the drum.

In accordance with a control method as set forth
inclaim27,vibrationsandnoisescanbesuppressedwhich
may be caused by an eccentric load occurring due to the

20 uneven distribution of the laundry.

Arrangements for achieving the foregoing andother
objects of the present invention will become apparent
from the following description of embodiments with
reference to the attached drawings.

25 BRIEF DESCRIPTION OF THE DRAWINGS



Fig. 1 is a vertical sectional view of a drumtype washi ng nmachi ne
according to a first enbodi nent of the present invention; Fig. 2 is a
sectional view taken along aline A-A5 5in Fig. 1, Fig. 3is a
perspective view illustrating the external appearance of a water tank
provided in the drumtype washing machine of the first enbodinent; Fig. 4
is a block diagramillustrating the 10 el ectrical construction of the
drumtype washing machine of the first enbodinment; Figs. 5(a), 5(b) are
wavef orm di agr a expl ai ni.n

vavel or I o aorar Lor, X0l G det el ehpch ANGEGITLAC kOBt Flo. © i
embodi moRAS T FRGSR SAERE 5 APERaHrER | & o 3FaRB T UREPA Pig e st at es
of water in water tanks during a balancing operation in the drumtype
washi ng Pch?pet 20 6Inthelfirst enmbodinent; Fig. 8 is a schematic di agram
for explaining how forces act on water retained in a water tank | ocated at
t he uppernost poBi®i-of;1Figsedihyred) vaey sakeratilond agl-ams fort'25
expl aining a rel ationship between the anount of water 6

5 in Fig. 1;

Fig. 3 is a perspective view illustrating the
external appearance of a water tank provided in the
drum-type washing machine of the first embodiment;

Fig. 4 is a block diagram illustrating the

10 electrical construction of the drum-type washing machine
of the first embodiment;

Figs. 5(a), 5(b) are waveform diagrams for
explaining detection of an eccentric load;

Fig. 6 is a flow chart illustrating a control

15 operation to be performed in a dehydration process in
the drum-type washing machine of the first embodiment;

Figs. 7(a)-(c) are schematic diagrams
illustrating the states of water in water tanks during
a balancing operation in the drum-type washing machine

20 of the first embodiment;

Fig. 8 is a schematic diagram for explaining how
forces act on water retained in a water tank located at
the uppermost position;

Figs. 9(a)-(c) are schematic diagrams for

25 explaining a relationship between the amount of water



remai ning in water tanks and a duration of water discharge; Fig. 10 is a
vertical sectional view of a drumtype washing machine according to a
second enbodi nent of the present inveation; 5 Fig. 11 is a sectional view
taken along a line B-B in Fig. 10; Fig. 12 is a flow chart illustrating a
control operation to be perfornmed in a dehydration process in the
drumtype washi ng machi ne of the second enbodinent; 10 Fig. 13 is a
vertical sectional viewillustrating the overall construction of a
drumtype washi ng machine according,to a third e o%i ment of the present
i nvent i onf SRPYDIPH 1B R bR 5 HF AGrahd (AU AAt H APV ERE T {F BELAITER
construction of the drumtype washi ng machine _15 of the third enbodi nent;
Fig. 15 is a wavERGr-midi hgramentisd + &9 5yl ana Lekeriof ¢ FFUBati%n of an
accel eration conponent occurring due to an eccentrjc | oad; Fitgs . 16 (a) ,
16 (b) are28hagams FotnexpFaPdidig d He e 9Fmei Precetmovk £ the
m croprocessor determ nes an eccentric |oad on the basis of an output of
an accel epaerentsensoentiiog; 17 is a flow chart illustrating a control
operation to be perfornmed by the microprocessor in a dehydration process
in thé drumtypeRiashildgiseeisiaw: bfna2bvihe taked hbodi aghne B-B'

in Fig. 10;

Fig. 12 is a flow chart illustrating a control
operation to be performed in a dehydration process in
the drum-type washing machine of the second embodiment;

10 Fig. 13 is a vertical sectional view illustrating
the overall construction of a drum-type washing machine
according to a third embodiment of the present invention;

Fig. 14 is a block diagram illustrating the
electrical construction of the drum-type washing machine

15 of the third embodiment;

Fig. 15 is a waveform diagram illustrating an
exemplary fluctuation of an acceleration component
occurring due to an eccentric load;

Figs. 16(a), 16(b) are diagrams for explaining the

20 principleof howamicroprocessor determines an eccentric
load on the basis of an output of an acceleration sensor;

Fig. 17 is a flow chart illustrating a control
operation to be performed by the microprocessor in a

dehydration process in the drum-type washing machine of

25 the third embodiment;



Figs. 18(a), 18(b) are schematic diagrans illustrating the states of water
tanks during rotation of a drum Fig. 19 is a schematic vertical sectional
view 5 illustrating the overall construction of a drumtype washing
machi ne according to a fourth enbodi mrent of the present invention; Fig. 20
is a sectional viewtaken along aline GC in Fig. 19; 10 Fig. 21 is a
perspective view illustrating the outer appearance of a water tank
provided in the drumtype washing nmachine of the fourth enbodi ment; Fig.
22 is a flow chart |IIustrat|nq_the outline of a.confrol Feration to be

performed by a nféddpr oteéddr 15 (5h érﬁeﬁVH?%T?Bﬁcpf%H%%%a R the drumtype

washing machine of the fourth enbodiment; Fig. 23 is a flow chart
i |1 ustrat}hfuphradtiary the Sé@ﬁter%lo%ﬁ‘éﬁ”éﬂoﬁap&soéi%w%rF@Bawc’cqﬂe
m croprocessor in the dehydration process in the drumtype washing 20
machi ne offthedfrourt h enbodi ment; Figs. 24(a)-(c) are schematic di agrans
illustrating the states of water tanks during rotation of a drumin the
drumtype washi ngigachi feief at rcHeowathc erdodl geat se2x Fpygal2yiiew a
vertical sectional viewillustrating 8
5 illustrating the overall construction of a drum-type
washing machine according to a fourth embodiment of the
present invention;
Fig. 20 is a sectional view taken along a line C-C’
in Fig. 19;

10 Fig. 21 is a perspective view illustrating the
outer appearance of a water tank provided in the drum-type
washing machine of the fourth embodiment;

Fig. 22 is a flow chart illustrating the outline
of acontrol operation tobe performedby amicroprocessor

15 in a dehydration process in the drum-type washing machine
of the fourth embodiment;

Fig. 23 is a flow chart illustrating in detail the
control operation to be performed by the microprocessor
in the dehydration process in the drum-type washing

20 machine of the fourth embodiment;

Figs. 24 (a)-{(c) are schematic diagrams
illustrating the states of water tanks during rotation
of a drum in the drum-type washing machine of the fourth

embodiment;

25 Fig. 25 is a vertical sectional view illustrating



a nodification of the drumtype washing machi ne of the fourth enbodi nent;
and Fig. 26 is a vertical sectional viewillustrating another nodification
of the drumtype washing nachine 5 ofsthe fourth enbodi nent. EMBODI MENTS
OF THE I NVENTION [First enmbodi nent] A drumtype washi ng machi ne according
to a first enbodinment of the present invention will hereinafter be 10
described with reference to Figs. 1 to 9. Fig. 1 is a vertical sectional
viewillustrating the overall construction of the drumtype washing
machine. A cylindrical outer tub 2 is_ provided . n a housing and a
cyIindriéwinbﬁﬂ§4§ﬁo?e?giHPﬁQQEﬁﬂﬁﬁ¥p?sW§5&&ﬂqeﬂﬁiglﬁf gﬁwﬁgﬁion
shaft 7 within the outer tub 2. A door 6 through which laundry is | oaded
in the dridwmr§hosaidtimepiovidRd on a front opening of the drum 3. Baffles
5 for stirring up the laundry are provided at froper _positions on an
i nner circunf er eBlidal 2$ui Far e’ dF tiRe ldPamtaiema l A hevtd bl REfty oM dat er
communi cation perforations 4 are forned in a circunferential wall of the
drum 3. dmatheshimmd pf dceds andod Ehesidippr bress Wamh erastgshiiese into
the outer tub 2 flows into the drum 3 through the water commrunication
per f obat imhstie Ifrowr tenembbadiahe5 .dehydrati on process, water extracted
fromthe laundry 9

EMBODIMENTS OF THE INVENTION

[First embodiment]
A.drum—type washing machine according to a first
embodiment of the present invention will hereinafter be
10 described with reference to Figs. 1 to 9.
Fig. 1 is a vertical sectional view illustrating
the overall constructionof the drum-type washingmachine.
A cylindrical outer tub 2 is provided in a housing 1,
andacylindricaldrum3 forretaining laundry is supported
15 by a rotation shaft 7 within the outer tub 2. A door
6 through which laundry is loaded in the drum is openably
provided on a front opening of the drum 3. Baffles 5
for stirring up the laundry are provided at proper
positions on an inner circumferential surface of the drum
20 3. A multiplicity of water communication perforations
4.are formed in a circumferential wall of the drum°3.
In awashing process and a rinsing process, water supplied
into the outer tub 2 flows into the drum 3 through the

water communication perforations 4. In a centrifugal

25 dehydration process, water extracted from the laundry



in the drum3 is scattered away toward the outer tub 2 through the water
communi cation perforations 4. The rotation shaft 7 is rotatably supported
by a bearing 8 fixed to the outer tubs2, and a main pulley 5 9 is
attached to a rear end of the rotation shaft 7. A notor 10 is di sposed on
the bottom and a notor pulley 11 is attached to a rotation shaft of the
notor 10. A torque of the notor pulley 11 is transmtted to the nmain
pulley 9 via a V-belt 12. A water supply pipe (not shown) 10 extending to

an external ter, su p%y,is con ectg? to a,water s I onnect.or, 13
provi ded tH ggﬁegﬁ' 11~ bf SFﬁéqﬁﬁﬂi ng"vey §$¥%ﬁr%u%%$iéﬂ Fﬁ%gﬂﬂ% % he wat er
supply pige flows through a water supply valve 14 and is discharged into
the out er tRGBUZH rohfaidter SeBBMP56t1a8 PERiHedt18%%n % rear wal | of
the outer tub 2. Water retained in the outer tub 2 is drained to the
out si de t hrough Fhfateatabiiannsperdtt 17 ighitht 2 5abpenedPans t3dskd dy a
water drain valve 16. A rotation sensor 18 includes a light emtter and
20 a |ighbepedaived piveidddd orha pedresuribcd,ofntthed ohdep PlUbl @Y and on
the inner side of the rear wall of the housing 1, respectively, with the
mai n gul | Byi9 ahterqios@dtot &er ebet aeen o AT toperdhgtiionf elvaelt i'h. a A
peri pheral portion of a ring nenber of the main pulley 9 disposed 25
bet ween thetbixghto ens td espanctd hen | tlght boédcemergndna @0tor pulley
11 is attached to a rotation shaft of the motor 10. A
torque of the motor pulley 11 is transmitted to the main
pulley 9 via a V-belt 12. Awater supply pipe (not shown)
10 extending to an external water supply is connected to
a water supply connector 13 provided in a rear wall of
the housing 1. Water supplied through the water supply
pipe flows throughawater supplyvalvel4 andisdischarged
into the outer tub 2 from a water supply port 15 provided
15 in a rear wall of the outer tub 2. Water retained in
the outer tub 2 is drained to the outside through a water
drain port 17 which is opened and closed by a water drain
valve 16.
A rotation sensor 18 includes a light emitter and
20 a light receiver provided on a rear surface of the outer
tub 2 and on the inner side of the rear wall of the housing
1, reépectively, with the main pulley 9 interposed
therebetween. An opening is formed in a peripheral

portion of a ring member of the main pulley 9 disposed

25 Dbetween the light emitter and the light receiver, and



light emtted fromthe light emtter passes through the opening to reach
the light receiver once in each turn of the drum3 . On the basis of this
light reception signal, the light red®i ver generates a rotation pul se
signal in 5 synchronization with each turn of the drum3. The rotation
sensor 18 is not limted to the aforesaid construction, but may be adapted
to detect the rotational position of the drum 3 by neans of a nmagnetic
sensor. Fig. 2 is a sectional view taken along a line A-A° 10 in Fig. 1.

Ei ght water nks .20 (q&/i uid chanbers for . conpensatiaon hor a centric
| oad) arettd i%aFW?tptreo ifg’é%m Fhea lﬁ%‘&utemig-taeg’grpe%sgﬁgcg rlpé‘]lgg}?tglne on the
back side of the drum3 around the rotation shaft 7. Fig. 3 iz; a
per spect i YREVIBT 19 USER&DI Ad ¢ hel BRteRie hppealrte 4% R Chhd Wit er tank
20. The water tanks 20 are of a rectangular box shape, and have the sane
vol ume. The thfadskmtanksORC Habh sHave fdm bp Ry 28 CER R Sdi%har ge
port) occupying about 2/3 of one face thereof and a closed portion 22
occupyi ngtifel i ohdi miefye 1Y 8r of e R afteee. @ A DO 5ABWALILF SFisg. 9T L the cl osed
portions 22 of the water tanks 20 are each |located on the forward side
Wi th Bespeghcheordl 7at apinon idih eetictn ivrmhpénh titee drum Bs rdtte@ed in the
dehydration process. The water tanks 20 are attached to the drum3 with
t he openingsa2l drhesenfofracithgl $ onartd 12501 hedr dtcattilon sliafrtesaidhus, the
openi ngs 21 serving as 11
construction, but may be adapted to detect the rotational
position of the drum 3 by means of a magnetic sensor.
Fig. 2 is a sectional view taken along a line A-A’
10 in Fig. 1. Eight water tanks 20 (liquid chambers for
compensation for an eccentric load) areradially provided
in an about 45-degree spaced relation on the back side
of the drum 3 around the rotation shaft 7. Fig. 3 is
a perspective view illustrating the external appearance
15 of the water tank 20. The water tanks 20 are of a
rectangular box shape, and have the same volume. The
water tanks 20 each have an opening 21 (liquid discharge
port) occupying about 2/3 of one face thereof and a closed
portion 22 occupying the remaining 1/3 of the face. As
20 shown in Fig. 2, the closed portions 22 of the water tanks
20 are each located on the forward side with respect to
a rotation direction in which the drum is rotated in the
dehydration process. The water tanks 20 are attached

to the drum 3 with the ocpenings 21 thereof facing toward

25 the rotation shaft 7. Thus, the openings 21 serving as



the water discharge ports are located radially inwardly of the drum 3

Fig. 4 is a block diagramillustrating the electrical construction of the
drumtype washing machine. 5 A m croprnocessor 30 which perforns a
conprehensi ve control operation includes a CPU 34, an A/D convertor 35, a
RAM 36, a ROM 37 and the like. Operation prograns for performng
respective processes for washing are prelimnarily stored in the ROM 37.
The m croprocessor 10 30 is connected to an operation section 40, a display

section 41, a valve driving section 42, an inverter..controllin ection
43, a nDtBbecHPFéﬁtQ$ﬁ%ﬂﬁ?ﬂ§ BRE FoﬁreﬂiQQ%}? e???k@?l?%én5§@%%f¥on

section 40 includes an_ operation panel provided on a front face of the
housi ng 18f1thgnd¥9Mogerated by a user to apply an input signal to the
m croprocessor 30 according to the operation. The display section 41
i ncl udes a di spl & Pantl 1pr evikderic bndigee 1 oht 1pg&de 2F 1 RHe thGUsi ng 1, and
is adapted to display information for the operation and information
rel ated @O0etd tiea prrovessesctiba of diopdoeasdorr 80 aisid] ud@s cd g at i on
speed controlling section 31 and an eccentric |oad neasuring section 32
as furkctiBnali csegtronsssthe 30t ahioh gpeedoreenta otdmpygededts one 31 out put s
a rotation speed command 25 signal to the inverter controlling section 43.
The 12 control operation includes a CPU 34, an A/D convertor
35, a RAM 36, a ROM 37 and the like. Operation programs
for performing respective processes for washing are
preliminarily stored in the ROM 37. The microprocessor
10 30 is connected to an operation section 40, a display
section 41, a valve driving section 42, an inverter
controlling section 43, amotor current detecting section
44 and the like. The operation section 40 includes an
operation panel provided on a front face of the housing
15 1, and is operated by a user to apply an input signal
to themicroprocessor 30 according to the operation. The
display section 41 includes a display panel provided on
the front face of the housing 1, and is adapted to display
information for the operation and information related
20 to the processes.
The microprocessor 30 includes a rotation speed
controlling section 31 and an eccentric load measuring
section 32 as functional sections. The rotation speed

controlling section 31 outputs a rotation speed command

25 signal to the inverter controlling section 43. The



inverter controlling section 43 converts the command signal into a PW
signal, and applies a driving voltage to the notor 10 in accordance with
the PWM signal. Thus, the notor 10 ig2rotated at a desired rotati on speed,
which 5 is reduced at a predeterm ned reduction ratio, and the drum3 is
rotated at the reduced rotation speed. The notor current detecting section
44 detects a torque current conponent of a driving electric current
applied to the notor 10 fromthe inverter controlling section 10 43. Wen
the laundry is unevenly distributed aon the_ inner circgg%erential surface

of the drif¥8It&n e t&Pdue N9 sSEFGC Ut 8d FRNEEIM T uF RCoF ¥ B um 3 and
therefore, the torque current conponent is fluctuated according to 15 an
eccentri cSieaalgéndrated Bl idnthe anevertdisesidulT BRIDNG VR A indry.
Figs. 5 (a) , 5 (b) are exenplary waveform diagranms respectively
illustrattaghdaaioentddnpalcsordpgaal WpEbvided®E B shenpédt-at ildiiSensor 18
and the fluctuation of the torque current conponent caused due 20 to the
eccent ri ctheaub t &r naiimumogedke d/mex acd e s he etdor gtie t icur Is@ree T onporent
appears when the load torque is nmaxim zed in each turn of the drum 3. The
| oad t5or que resured Mizea mhedetthae niauadr yedausiingn t hetéocenrtird cchoad 1S
lifted against the gravity within the drum 3. 25 Therefore, the nmaxi num
peak Vmaxdgeneralily appearssi witentAd reduced rotation speed. The
motor current detecting section 44 detects a torque
current component of a driving electric current applied
to the motor 10 from the inverter controlling section
10 43.
When the laundry is unevenly distributed on the
inner circumferential surface of the drum 3, a load torque
is fluctuated in each turn of the drum 3 and, therefore,
the torque current component is fluctuated according to
15 aneccentricloadgenerateddue totheunevendistribution
of the laundry. Figs. 5(a), 5(b) are exemplary waveform
diagrams respectively illustrating the rotation pulse
signal provided by the rotation sensor 18 and the
fluctuation of the torgque current component caused due
20 to the eccentric load. A maximum peak Vmax 0f the torque
current component appears when the load torque 1is
maximized in each turn of the drum 3. The load torque
is maximized when the laundry causing the eccentric load

is lifted against the gravity within the drum 3.

25 Therefore, the maximum peak Vs.x generally appears when



the eccentric load is present within a angular range from a position about
90 degrees before the uppernost position to the uppernost position in the
drum 3. The position of the eccentria3sload on the inner circunferenti al
surface 5 of the drum 3 can be expressed by a phase angle at which the
maxi mum peak Vmax (or m nimum peak Vm n) appears in a range of 0 to 360
degrees with respect to a reference zero point at which the rotation pul se
signal rises. On the other hand, the anplitude of the fluctuation 10 of
the torque current caonponent, i.e a ditf?hﬁpce between the Xi_mum peak

val ue andtRBeE GFARMEhDERR A APURT ©POREX YWHIDR 2 RBENE S MY fradm ude of
the eccentric |oad (eccentricity). Therefore, a relationship between the
eccentri cd B hll PRAPP UELt YRGTH af P17 ¢ LRESOFP @ PR DF HAGE L1BO S triéiit
conponent is prelimnarily determ ned, and a_ reference value to be
enpl oyed forthedgmenriods t heosdddemm rii thet rp@ describedPPatdrl s
prelimnarily defined so that the judgment on the eccentricity can be
based on ¢heHjadgeentt ohc tiea d boct vatingre meplricwuee r Roitd 20s ¥pdEias cal |y,
the eccentric |load neasuring section 32 detects the maxi num peak Vmax and
t he nbni nufn peakd¥niin3 tanehehepmre ofed hey dr h 3sapangdecest Wwhvi adf a
waveform as shown in Fig. 5(b) fromthe notor current detecting section
44 to detehal naxtihear | petitatvi,on aopl ntimdenwon phek2¥.basi sppkatrtse idi f f er ence
bet ween t hese peak val ues, and 14
a range of 0 to 360 degrees with respect to a reference
zero point at which the rotation pulse signal rises.
On the other hand, the amplitude of the fluctuation
10 of the torque current component, i.e., a difference
between the maximum peak value and the minimum peak value
(Vimax—=Vmin) » refleéts the magnitude of the eccentric load
(eccentricity). Therefore, a relationship between the
eccentricity and the fluctuation amplitude of the torque
15 current component is preliminarily determined, and a
reference value to be employed for judgment of the
eccentricity to be described later is preliminarily
defined so that the judgment on the eccentricity can be
based on the judgment on the fluctuation amplitude. More
20 specifically, the eccentric load measﬁring section 32
detects the maximum peak Vpax and the minimum peak Vnin
in each turn of the drum 3 upon reception of a waveform
as shown in Fig. 5(b) from the motor current detecting

section 44 to determine the fluctuation amplitude on the

25 basis of the difference between these peak values, and



conpares the fluctuation anplitude with the judgnent reference value to

j udge whet her the eccentricity is not greater than an allowable level. A
feature .of the drumtype washing machitae 5 according to this enbodinent is
an operation to be perfornmed in a dehydration process after a washing
process or a rinsing process, nore specifically, a nmethod for correction
of unbal ance occurring due to the uneven distribution of the |aundry at
the start of the dehydration 10 process. The operation to be perfornmed in
t he dehydration process will next be described i.n_detalil 6. is a

fl ow char¥CTPRESEr dthPgt4VUEdita ot OBperdt bhi¢s Hétﬁmﬁ¥8rﬁ€§éﬁFQ%e
dehydration process. Wen the dehydration process is started, the 15

rot ati on BpEedcasH Vel lund saadth whie ebarrohe ¢ Reentstidiioh it Mfe not or
10 via the inverter controlling section 43 to rotate the drum3 at a

rotation spestesf trabouend@ilpmweisiep 1§iyel. At the start of the dehydration
process, there is a possibility that the water supplied 20 into the outer
tub 2 in the preBedigstwashpig tdre rdnsing yRe ocess imehdiashiinet he wat er
tanks 20. At the aforesaid rotation speed, a centrifugal force acting on
t he wat eractorthiegnat er thankse@odsmemd] | 25 &hawptdrm giawi thy. beédccordi ngly
the water retained in the water tanks 20 25 fl ows out of the openings 21 by
the gravigyrvbemddenwatehyikfration process after awashingprocess
or a rinsing process, more specifically, a method for
correction of unbalance occurring due to the uneven
distributionofthelaundryatthestartofthedehydration
10 process. Theoperationtobeperformedinthedehydration
process will next be described in detail. Fig. 6 is a
flow chart illustrating a control operation to be
performed in the dehydration process.
When the dehydration process is started, the
15 rotation speed controlling section 31 controls the
rotation of the motor 10 via the inverter controlling
section 43 to rotate the drum 3 at a rotation speéd of
about 40 rpm (Step S1). At the start of the dehydration
process, there is a possibility that the water supplied
20 into the outer tub 2 in the preceding washing or rinsing
process remains in the water tanks 20. At the aforesaid
rotation speed, a centrifugal force acting on the water
in the water tanks 20 is smaller than the gravity.

Accordingly, the water retained in the water tanks 20

25 flows out of the openings 21 by the gravity when the water



tanks 20 are |located at upper rotational positions. Therefore, the
respective water tanks 20 are enptied by tenporarily rotating the drum 3
at the aforesaid rotation speed. 5 Subsequently, the rotation speed
controlling section 31 controls the rotation of the notor 10 to rotate
the drum 3 at a rotation speed of about 300 rpmto about 400 rpm (Step
S2). At this rotation speed, the water can noderately be extracted from
the laundry by a 10 centrifugal force in the drum 3, and vibrations of the
drum 3 and the outer tub 2 can_be sug ressed_t | | owable |evel even if

.an
the eccent?Ps| 88d kR ul PCRg Sfied EoUPRET uﬁ%\?@gl&i“ﬁ iBUP5M O3S the | aundry
i's relativelyﬁ%reat. Thus, the laundry is prelimnarily dehdef ed. By
thus 15 prleeiaitedd  ytRyRIPREFEd tehe'dteRindr3n €8 $8nBTEXEBREL LS i ncrease
in the eccentric load and the positional change of the eccentric |oad
occur ri ngt empotra niaky atd tonsingnt ety of tate tanebe 1§uppFasddéd: when
hi gh speed centrifugal dehydration is |ater perforned. 20 Next, the
rotation speed.controlling section 31 reduces the rotation speed of the
drum 3 to about 90 rpm and keeps this rotation speed (Step S3) . At this
rotatison speed, stbeaenenicflygaltior cetadtiiary spetehle danumde Y ling stil |
greater than the gravity, so that the |aundry adheres 25 onto the inner
ci rcunf ergattabrsBafasetaeb ithehdr nox3tdncth & the motor 10 to rotate -
the drum 3 at a rotation speed of about 300 rpm to about
400 rpm (Step S2). At this rotation speed, the water
can moderately be extracted from the laundry by a
10 centrifugal force in the drum 3, and vibrations of the
drum 3 and the outer tub 2 canbe suppressed to anallowable
level even if the eccentric load occurring due to the
uneven distribution of the laundry is relatively great.
Thus, the laundry is preliminarily dehydrated. By thus
15 preliminarily dehydrating the laundry to some extent,
the increase in the eccentric load and the positional
change of the eccentric load occurring due to variations
in dehydration rate can be suppressed when high speed
centrifugal dehydfation is later performed.
20 Next, the rotation speed controlling section 31
reduces the rotation speed of the drum 3 to about 90 rpm,
and keeps this rotation speed (Step S3). At thisrotation
speed, the centrifugal force acting on the laundry is

stillgreaterthanthegravity,sothatthelaundryadheres

25 onto the inner circumferential surface of the drum 3 and



rotates together with the drum3. In this state, the eccentric |oad
nmeasuring section 32 detects a currently occurring eccentric load, i.e.,
the eccentricity and the position of 16he. eccentric |oad on the inner 5
circunferential surface of the drum 3, on the basis of the torque current
conponent detected by the notor current detecting section 44 as descri bed
above (Step S4) . Then, it is judged whether the detected eccentricity is
not greater than an allowable |level (Step S5) . The allowable 10 |evel is

prelimnarily set depending on a vibration |evel nmpl i tude) all owabl e
duri ng tH%D%?Bﬁssﬁé%%ﬁFbﬁétWHﬁj?nththld%%YﬁratFBnQSFd%é§EaF%'b$hﬁéscribed

later. If the eccentricity is not greater than the allowable Ievel in Step

S5, ther eGsensriced aas Fead ov At RO5S8 Pall Ahcl h e DpeF hfi BnCUThEFSfof e, the
rotation speed controlling section 31 increases the rotation speed of the
drum 3 t ® @bour i7G0 e Bhdckeepd  thi § . rotAti ®ACSpEEd C oy ame tdehydrati on
(Step S11). If the eccentricity is greater than the allowable 20 level in
Step S5, gdelfdbnow hgtheal @esigmt pper dtdash ¢8 tper fiormed. First, the
rotation speed controlling section 31 increases the rotation speed of the
drum 3 toi abantfet2éht pal and fopeeso £ heheatlenns ubplon vaheeba4 isvicf t he
val ve driving section 42 (Step S6). Then, the 25 water introduced through
t he wat ert sepR) g Pé R SeA¥ component detected by themotor current
detecting section 44 as described above (Step S4). Then,
it is judged whether the detected eccentricity is not
greater than anallowable level (Step S5). Theallowable
10 level is preliminarily set depending on a vibration level
(amplitude) allowable during the high speed rotation in
the dehydration process to be described later.
If the eccentricity is not greater than the
allowable level in Step S5, there is no need to perform
15 a balancing operation. Therefore, the rotation speed
controlling section 31 increases the rotation speed of
the drum 3 to about 700 rpm, and keeps this rotation speed
for the dehydration (Step S11).
If the eccentricity is greater than the allowable
20 level in Step S5, the following balancing operation is
performed. First, the rotation speed controlling
section 31 increases the rotation speed of the drum 3
to about 120 rpm, and opens the water supply valve 14
via the valve driving section 42 (Step S6). Then, the

25 water introduced through the water supply pipe is



di scharged fromthe water supply port 15. Since the water

rotated t

wat er di scharged from

tanks 20 are

ogether with the drum3 in front of the water supply port 15, the

the water supplly port 15 flows into the water tanks

20 5 through the openings 21 of the water tanks 20 when the water tanks

each passes through a | ower rotational position. Since a centrifugal

acting on the water in the water tanks 20 is greater than the gravity, the

water is
spilling
peri od,

wat er tanks 20 are arranged radi all around . .t rotation shaft 7, the
wat er tah?%n% d 5Fbgﬁk% %Bu@cge

t he ot her

force

outwardly biased and retained within the water 10 tanks 20 w t hout
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hand, the eccentric |oad occurring due to the uneven

Afr ifE 9bad. On

di stribut?BntBf PR ¢ auREPY 1vs PRt chaingeRebladEde 3 pAdREH 5™ pr essed

he inner circunferential surface of the drum3 b%@Fhe centrifugal

agai nst t

force. Thehefopéenc¥pelecoedttild |bhavwexéried Wie twetaru
as conpared with that before the water filling. Thereafter,

changed

ks it

t he

r ot at iSon BhrohRghdriune 3opsnige rdl |@E bhet e Usasitankst BE pbsint itdre of the

previ ousl
f romnat er

y detected eccentric load so that the water is discharged 25

wablrks t2hkecebed giashessame oyt Rodalwgosioten itgal

position. Since a centrifugal force acting on the water

in the water tanks 20 is greater than the gravity, the

10

15

20

25

water is outwardly biased and ;etained within the water
tanks 20 without spilling from the openings 21.

By keeping this state for a predetermined period,
the water tanks 20 are each filled up with the water.
Since the water tanks 20 are arranged radially around
the rotation shaft 7, the water tanks 20 filled up with
the water produce no eccentric load. On the other hand,
the eccentric load occurring due to the uneven
distribution of the laundry is not changed because the
laundry is pressed against the inner circumferential
surfaceof thedrum 3by the centrifugal force. Therefore,
the eccentric load exerted on the drum 3 is not changed
as compared with that before the water filling.

Thereafter, the rotation of the drum 3 is
controlled on the basis of the position of the previously
detected eccentric load so that the water is discharged

fromwater tanks 20 locatedat the samerotationalposition



as the position of the eccentric load or at the closest rotational
position to the position of the eccentric load. That is, when the rotation
speed of the drum3 is tenporarily raduced fromthe |evel at which the 5
centrifugal force acting on the water in the water tanks 20 is greater
than the gravity to the level at which the centrifugal force is smaller
than the gravity, the water falls out of water tanks 20 | ocated at upper
rotational positions, so that the anount of the water therein is 10

reduced. Figs. 7(a)1&$) are_schematic diagrans . illustrating.the states of
the wat erd§ ntpRePaatdr atrfks th9 %I%FFﬁﬁrtlrFe%T%%t?’én?tvﬁéﬁ gﬁgsﬁrstﬁn 3is
rotated at 90 rpm_the state of the water is as shown in Fig. 7 (a) 15 At
this rot a9 batdpecd reoisd tedi i LRBIPF Dt EECRA T A DRCCERE et éPa%t ai ned in
the respective water tanks 20 is sufficiently great, so that the water is
di schar gebhé&toms ,nofeedf thite nek 2k icankroad Wierkhched¥eRati drf speed is
tenporarily reduced in 20 this state as described above, an inertial force
acts on témpoateri et apdeddd fhenwater tenks 20 vSiheck the gravity al so
acts on the water in the rotating water tanks 20, the water falls out of
wat er 5t anken2@h,f 2] nfovr g agpihg an thpewatetratinohble pegietr ¢rrrebkwl a wat er
tank 20a 25 | ocated at the uppernost position as shown in Fig. 7 (b) 19
20 is greater than the gravity to the level at which the
centrifugal force is smaller than the gravity, the water
falls out of water tanks 20 located at upper rotational
positions, so that the amount of the water therein is
10 reduced.
Figs. 7(a)-(c) are schematic diagrams
illustrating the states of the water in the water tanks
20 during the rotation. When the drum 3 is rotated at
90 rpm, the state of the water is as shown in Fig. 7(a).
15 At this rotation speed, the centrifugal force acting on
the water retained in the respective water tanks 20 is
sufficiently great, so that the water is discharged from
none of the water tanks 20.
When the rotation speed is temporarily reduced in
20 this state as described above, an inertial force acts
on the water retained in the water tanks 20. Since the
gravity also acts on the water in the rotating water tanks
20, the water falls out of water tanks 20b, 20c moving

up to an upper rotational position and a water tank 20a

25 located at the uppermost position as shown in Fig. 7(b).



On the other hand, the water is kept retained in water tanks (such as
denot ed by 20e) noving down to a lower rotational position without falling
therefrom Wen the rotation speed is @bruptly reduced, the 5 water
falling out of the water tanks 20 rotating upward s scattered down.
Therefore, there is a low possibility that the falling water enters water
t anks passi ng therebel owand, even if the falling water enters the water
tanks, the anmount thereof is negligible. 10 In this balancing operation, it
is necessary to cause only the water to fall fromthe water tanks and

prevent tP FRENGEP ST e RBvi AUt Hr t heé YR8 FeiH Refe  Ra¥RitRf machi ne

according to this enbodi nent, the water tanks 20 are provided closer to

the cent efaR@fart(Si5-h ram deaate@rbyi PO ereningl T ake af Lome Mrum 3,

so that a greater centrifugal force acts on the |aundry adhering onto the

i nner circahédomd hl pesaiftdce of itheutdrimd Binkattonrehsomwater in the water

tanks 20 when the drum 3 is rotated at a certain rotation speed. In

general, 20 the Water tdonta tnedibn tbheatetl d aldrytifcredsesdhdhadher ence
of the laundry to the inner circunferential surface of the drum3, so that
the | aundrytes lfedd inabdet ¢6 thkl whhar egpdct 2l frovtea & inlheapeta odl

rel ati onship between the centrifugal force and the gravity. Therefore, 25

t he rotationcpeedres powper | wsetetbre,l eNekrecatswhiolh 20ssibility
that the falling water enters water tanks passing
therebelow and, even if the fallingwater enters the water
tanks, the amount thereof is negligible.

10 In this balancing operation, it is necessary to
cause only the water to fall from the water tanks and
prevent the laundry from moving within the drum 3. 1In
the washing machine according to this embodiment, the
water tanks 20 are provided closer to the center apart

15 from the inner circumferential surface of the drum 3,
so that a greater centrifugal force acts on the laundry
adhering onto the inner circumferential surface of the
drum 3 than on the water in the water tanks 20 when the
drum3 isrotatedatacertainrotationspeed. Ingeneral,

4 20 the water contained in the wet laundry increases the
adherence of the laundry to the inner circumferential
surface of the drum 3, so that the laundry is less liable
to fall than expected from a theoretical relationship

between the centrifugal force and thegravity. Therefore,

25 the rotation speed is properly set at a level at which



the centrifugal force is virtually balanced wwth the gravity, whereby only
the water is caused to fall but the laundry is prevented fromfalling.
More specifically, the rotation speed2oontrolling 5 section 31 rotates the
drum3 at a rotation speed, e.g., about 90 rpm at which the laundry is
lightly pressed against the inner circunferential surface of the drum 3
by the centrifugal force (Step S71). Then, the fluctuation of the torque
current conponent as shown in 10 Fig. 5(b) is nonitored and, when the

maxi mum peak Vmax appears,_the position of ;he eccentri.c l.gad i, s detect ed.
At a properet FRE Yot ht Idtert Qe et Eetrh W F bad RﬁiﬁpﬂﬁﬁaWd%ﬂeE%?,ir1an
angul ar range froma position 90 degrees before the upgernnﬁﬁ osition to
the upperd®aViposi tiopyely sy tRE sedéitrie FBESSFhssesithro t he
| owermost  position of the drum 3, the rotation speed is abruptly reduced
to about Bier pmuardl ¥ miredipatel gnEedt drredn t b2t hén9previ ous | evel (Step S73).
Thus, the water falls out of the water tanks located at the same position
as the 20 positiMersf spkeeidtceal Live thad otahdpaceneethecpbsitildmd of the
eccentric load as shown in Figs. 7(b) and 7(c), so that the weight of the
wat er 5i s sectéspoid mglhe resucked. drih 3 het veixgta t edocspber dvatecites: wi th t he
eccentric load occurring due to the uneven distribution of the |aundry, 25
t he eccenstbbatl cad exert ad orhidie ehei lewrdny3iss lrhierthickd. p2kssed

against the inner circumferential surface of the drum

3 by the centrifugal force (Step S71). Then, the

fluctuation of the torque current component as shown in

10 Fig. 5(b) is monitored and, when the maximum peak Vpjax
appears, the position of the eccentric load is detected.
.Atapropertimepointwhentheeccentricloadmovesupward
(e.g., in an angular range from a position 90 degrees
before the uppermost positicnltb the uppermost position)

15 after the eccentric load passes through the lowermost
position of the drum 3, the rotation speed is abruptly
reduced to about 56 rpm and immediately restored to the
previous level (Step S73). Thus, the water falls out
of the water tanks located at the same position as the

20 position of the eccentric load or adjacent the position
of the eccentric load as shown in Figs. 7(b) and 7{c),
sothattheweightofthewateriscorréspondingiyreduced.

If the weight reduction matches with the eccentric load

occurring due to the uneven distribution of the laundry,

25 the eccentric load exertedon theentiredrum 3 is reduced.



In this enbodi ment, the discharge of the water fromthe water tanks 20 by
the short-period speed reduction is repeated during plural turns of the
drum In general, it is difficult toadischarge a required anount of water
5 fromthe water tanks 20 | ocated adjacent the position of the eccentric
| oad by the short-period speed reduction caused only once in one turn of
the drum 3. Therefore, the rotation speed of the drum3 is reduced when
the eccentric |oad generated by the laundry is present within 10 the

angul ar range fromthe position 90 degrees before the uppernos osition
to the upper nost IBot's]?’chﬁi“}?ﬂdéﬁ@ﬁlt'ogg’teh 1pFird%s ﬂrfngh‘Bf“Patih%rtf[lréﬁﬁ‘S (Step

S73). At this tine, a duration of the water discharge effected by the
reducti ot d® VA& ottt loh 4PebY SR a RECUE BREMCE ERERY BFLERAIGE peri od)
is variably set for each turn_of the drun1%$tep S72). More specifically,
when thel$ineresacerddrsigapddrissl e € Hh?i‘?}’@uﬁhe fét denéfalof the
drum 3 at 90 rpm a water discharge period is set at Tl (e.g., 0.2 sec)
(Step S72)t Bbmddihéicotldt iton dheeda2@eofa tigewyned3aing unddwded aft®T t he
wat er di scharge period T1 (Step S73). Then, a water discharge period for
the $Secofidotutheofwd herdtamkss a2 @ el oclad €d rad j mateert dilsehapge tien set at
T2 (e.g., 0.3 sec) (Step S72). The water discharge period T2 is set |onger
t han the dfridte waten 2bidi schdrige tpes isteb £l - p Eviblies pea dvat dncdiisohar ge
period 22
caused only once in one turn of the drum 3. Therefore,
the rotation speed of the drum 3 is reduced when the
eccentric load generated by the laundry is present within
10 the angular range from the position 90 degrees before
the uppermost position to the uppermost position in each
of the plural turns of the drum 3 (Step S73).
At this time, a duration of the water discharge
effected by the reduction of the rotation speed of the
15 drum 3 (water discharge period) is variably set for each
turn of the drum (Step S72). More specifically, when
the first water discharge is effected during the rotation
of the drum 3 at 90 rpm, a water discharge period is set
at Tl (e.g., 0.2 sec) (Step S72), and the rotation speed
20 of the drum 3 is reduced for the water discharge period
Tl (Step S73). Then, a water discharge period for the
second turn of the drum 3 after the first water discharge
is set at T2 (e.g., 0.3 sec) (Step S72). The water

discharge period T2 is set longer than the first water

25 discharge period Tl. Further, a water discharge period



for the third water discharge is set at T3 (e.g., 0.4 sec) which is |onger
than the second water discharge period T2 (Step S72). Plural turns are
given to the drum3 in the aforesaidoyanner until the required anount of
water 5 is discharged (Step S74). Thus, the water is intermttently
di scharged fromthe water tanks 20 during the plural turns of the drum At
this time, the water discharge periods for the respective turns of the
drum are set so that the water discharge period for the 10 subsequent turn
is longer than the water discharge geri od for the precedent turn. The
anmount of L2 Re thét drh F Bured® t A becarsdfargedsefr 6t the Rt &r /t dnks 20
| ocated adj acent the position of the eccentric load is determ ned on the
basi s of $@&6) Wbl ghdifi 0agesf thre tdeeemaand WedEr i 86 aHE® ReTerC i schar ge
amount can be adjusted by the nunber of times of the speed reduction of
the drum B2 fBé&epudgrent iRlusedp tozh sregr ed hERNeted LB jAUdyR ng Whet her
the speed reduction of the drum3 is effected a nunber of times 20 which
depends obhthefpegsaidenahineheuetcantihiec degsdi r e Af amp utnite dfalwartcd hg
operation descri bed above, the eccentric load is detected again in the
sanme mannes ds sdhmiSyeds (S4,ed5S74nd i tThiss j udged waiet hei st he eccentricity
is not greater than the allowable |evel (Steps S8, S9) 25 If the
eccentricityeirminofegt 2§t @1 sthar dd@ faddmwald @a2Fr tanks 20 during
the plural turns of the drum. At this time, the water
discharge periods for the respective turns of the drum
are set so that the water discharge period for the
10 subsequent turn is longer than the water discharge period
for the precedent turn.
The amount of the water required to be discharged
from the water tanks 20 located adjacent the position
of the eccentric load is determined on the basis of the
15 magnitude of the eccentric load. Since the water
discharge amount can be adjusted by the number of times
of the speed reduction of the drum 3, the judgment in
Step S74 may be achieved by judging whether the speed
reduction of the drum 3 is effected a number of times
20 which depends on the magnitude of the eccentric load.
After thebalancingoperationdescribed above, the
eccentric load is detected again in the same manner as
in Steps S4, S5, and it is judged whether the eccentricity
is not greater than the allowable level (Steps S8, S9).

25 If the eccentricity is not greater than the allowable



| evel after the bal ancing operation, the rotation speed controlling
section 31 increases the rotation speed of the drum 3 to about 700 rpm
and keeps this rotation speed for thesdehydration (Step S11). 5 If the
eccentricity is greater than the allowable level in Step S9, the eccentric
| oad is not yet canceled by the bal ancing operation, so that the rotation
speed of the drum3 is increased to a |l evel (about 500 rpnm) which does
not result in abnormally great vibrations even 10 in the presence of the

eccentric load faor the dehydration After a | aps redeterm ed
dehydr at i bavVper fo&F S ¢ hﬁ@&djﬁ%chgS?Ee Life: ot Io’f}i“c?nr%f{31 EQ‘Hé)rHISLPrﬁ i

stopped to end the dehydration process. Fig. 8 is a schematic dia ran1for
explalmrﬁpﬁéwokﬁiﬁ%r%%§tééﬁ(ﬁit%&?ﬂ%ﬁé@sr&ﬂﬁrﬁﬁF?ElPﬁeﬁﬂﬁ%ﬁ Yank 20
| ocated at the uppernost position. Wiere the drum 3 which has a radius r
i s rotatedhatdaamahd@ abordl d&id yrw,, ankekerdls SRilfg L @yrdm & é@l?a@‘ii on (1)
for water Whaving a mass mis established. 20 ma=ng-mw2 ..... (D
wherein gfos the atekydrattiiom ofStke glavity. Therefore, a falling
acceleration a acting on the water retained in the water tank 20 is
represented by fHethel kowiemy ehuatiyons(@jealBrathammlhe. allofM2b e
level in Step S9, the eccentric load is not yet canceled
by the balancing operation, so that the rotation speed
of the drum 3 is increased to a level (about 500 rpm)
which does not result in abnormally great vibrations even
10 in the presence of the eccentric load for the dehydration.
After a lapse of a predetermined dehydration period in
Step S10 or S11, the rotation of the drum 3 is stopped
to end the dehydration process.
Fig. 8 is a schematic diagram for explaining how
15 forces act on the water retained in the water tank 20
located at the uppermost position. Where the drum 3 which
has a radius r is rotated at an angular velocity w, the
following dynamic equation (1) for water W having a mass
m is established.
20 mo=mng-mrw?’ ..... (1)
wherein g is the acceleration of the gravity.
Therefore, a falling acceleration a actingon the
water retained in the water tank 20 is represented by

the following equation (2):

25 a=g-ro’ ..... (2)



which is integrated with tinme t, and the vertically falling velocity v of
the water retained in the water tank 20 is represented by the follow ng
equation (3): v=at= (g-rCO2) t ..... 24(3) 5 which is further integrated
with time t, the vertical positiony of the water in the water tank 20
Wi th respect. to the uppernost position defined as an origin is
represented by the follow ng equation (4): Y=(1/2) ate=(1/2) (g-rw)t2
..... (4) 10 The equation (4) indicates that the displacenent of the water
in the water tank 20 increases with tinmne t, \Were the ter hink 20 is
filled up’®bCPhes spemidict £ 24 i th CeAE et W St her WaCar' 'di SBharde from t he
water 15 tank 20 is achieved by slight displacenent of the water Wwi thin
the wat erv¢hAaRIZY YWhefetiesime ieanbake igied hbt ke i hdPkn 2the wat er
tank 20, on the contrary, the water Wneeds to be displaced to a
rel ativelys greatr eparbed by ttHee wapéd omibnikg 260dunttilo™ Wal ér surface | ocat ed
radially 20 closer to the circunference of the drum 3 reaches the opening
21. In this enbodkEneht,(gasr efiown in. Fi g8) 9(a)-(c), the water discharge
period Ti is set relatively short for the first water discharge when the
anount ofwh hehwatserf 25t hemaiim gy r ateke waatler t imek t20 tlse rekatiivel y gr eat
(see 25
position y of the water in the water tank 20 with respect
to the uppermost position defined as an origin is
represented by the following equation (4):
y=(1/2) at?=(1/2) (g-rw?)t? ..... (4)
10 The equation (4) indicates that the displacement
of the water in the water tank 20 increases with time
t.
Where the water tank 20 is filled up to the opening
21 with the water W, the water discharge from the water
15 tank 20 is achieved by slight displacement of the water
W within the water tank 20. Where a small amount of the
water remains in the water tank 20, on the contrary, the
water Wneeds to be displaced to arelatively great extent
in thewater tank 20 until awater surface locatedradially
20 closer to the circumference of the drum 3 reaches the
opening 21.
In this embodiment, as shown in Figs. 9(a)-(c),
the water discharge period Tl is set relatively short

for the first water discharge when the amount of the water

25 remaining in the water tank 20 is relatively great (see



Fig. 9 (a)) . After the ampbunt of the remaining water is reduced by the
first water discharge, the water discharge period T2 for the second water
di scharge is set longer than the wateép di scharge period Ti by starting the
5 reduction of the rotation speed earlier (see Fig. 9 (b)) . The anount of
the water remaining in the water tank 20 is further reduced by the first
wat er di scharge and the second water discharge and, therefore, the water

di scharge period T3 for the third water discharge is set 10 further |onger

by starting th r&guctio of % e rotati.on eed further earli (see Fig.
9(c)). TH%%?‘tﬁéa rerzﬁgg%ﬁa & B@PP&Héoé}éﬂﬁ%dﬁ%??§n§8€ %5§%§%df%g on the
anmount of the water remaining in the  water tan 20, . so %hat the required
amount off §RECRE: BY E%ecfdﬁ%gﬂﬁ%%¥fb%\§]a?§8ﬁarg§8 Y5t Ao SR § anks 20
| ocated at the position of the eccentric | pad. Therefore, the eccentric
| oad occl®eFhgddde tf® % HehendeRTdH at Bht F R CPGF SR F atifdr y )G assuredl y
be conpensated for, so that vibrations and noises of the drum 3 can be
suppr essedh 20 ifhen Uhkedr dhsFhargst Reed @ Alhighett @bt atidort Bpeed for
t he dehydration. [Second Enmbodi nent] A drumtype washi ng machi ne according
to a Seconeduertiodi weht hef rofie hreseiie ¢Aveat Lorrwi(Sleendd b& ([@dskcri bed 25
wth reference to Figs. 10 to 12. 26
The amount of the water remaining in the water tank 20
is further reduced by the first water discharge and the
second water discharge and, therefore, the water
discharge period T3 for the third water discharge is set
10 further longer by starting the reduction of the rotation
speed further earlier (see Fig. 9(c)).
Thus, the water discharge periods are properly set
depending on the amount of the water remaining in the
water tanks 20, so that the requiied amount of the water
15 canassuredlybedischarged fromthewater tanks 20 located
at the position of the eccentric load. Therefore, the
eccentric load occurring due to the uneven distribution
of the laundry can assuredly be compensated for, so that
vibrations and noises of the drum 3 can be suppressed
20 when the drum 3 is rotated at a higher rotation speed
for the dehydration.
[Second Embodiment]
A drum-type washing machine according to a second

embodiment of the present inventionwill next bedescribed

25 with reference to Figs. 10 to 12.



Fig. 10 is a vertical sectional viewillustrating the overall construction
of the drumtype washi ng nmachine according to the second enbodi nent.
Conmponents having the sane constructizen as those of the washing machine 5
of the first enbodi nent are denoted by the sane reference nunerals, and no
expl anation wll be given thereto. In the washing machine, a bal ancer 23
whi ch is a hollow annul ar conponent containing a predeterm ned anount of
water (or any other liquid, such as a saline solution or a potassium 10

chl oride sol ution, ferably havln a_hi gher enS|t i.ded on the
back side of thef &Ilgunﬁg 18 Y Ve.LrltJrg SEE% 6??’2} Wit J‘[]a]k%%g gﬁ(ffga line
B-B in Fig. 10. In the balancer 23, shaped partition walls 24 are

provi ded thag ojradcret &R MeB T HAGWH A} O n*%}é?\ijaq%maEYpéd"l"%FpﬁnﬁrIBFEBtllnr?g 15 from
the circunference of the balancer. The partition walls 24 prevent free
movenent aFCehdimdt dro ddre a5 feandi Arbies Ya¢Akecer COTRANPRESWABN 116 dr um 3
is rotated at a sufficiently high rotation speed, water in chanbers 25
(Iqu|d(ﬂkmbeamp(ﬂﬁmﬁéduﬁéw&ﬂﬂﬁ$e§b@§ﬁ\Riaﬁpacé@§h¥ﬂﬁp@ﬁﬁ§%ﬂe
partition walls 24 is biased toward the circunference, and is prevented
f r om Aoviag tthoe thhier ot kerbo ¢ hmrbér s r25deQodmichyy 2ba& %amqmafér@@m ge
ports) located radially inwardly of the drum 3 are defined between the 25
respecti veuheghdped apad trid iedp Wah b§ ih wWen Hehg i2Zen thereto. In
thewashingmachine, abalancer 23whichisahollowannular
component containing a predetermined amount of water (or
anyotherliquid,suchaseasalinesolutioncﬂ'apotassium
10 chloride solution, preferably having a higher density)
is provided on the back side of the drum 3. Fig. 11 is
a sectional view taken along a line B-B’ in Fig. 10. In
the balancer 23, L—shapedpartitionﬁﬂalls24 are provided
at predeterminedangular intervalsasradiallyprojecting
15 from the circumference of the balancer. The partition
walls 24 prevent free movement of the water contained
in the balancer. That is, when the drum 3 is rotated
at a sufficiently high rotation speed, water in chambers
25 (liquid chambers) defined between respective adjacent
20 pairs of partition walls 24 is biased toward the
circumference, and is prevented from moving to the other
chambers 25.
Openings 25a (liquid discharge ports) located

radially inwardly of the drum 3 are defined between the

25 respective L-shaped partition walls 24. When the



rotation speed of the drum3 is reduced, the water Wflows out of or into
the chanbers 25 through the openings 25a so as to nove between the
chanmbers 25. Radially straight partitizon walls may be provided 5 instead
of the L-shaped partition walls. In the washing machi ne of the second
enbodi nent, the total ampbunt of the water retained in the balancer 23 is
not changed, but the anmpbunts of water retained in the respective chanbers
25 within the bal ancer 23 are 10 changed for the bal anci ng operation. The
washi ng machine has the sanme electrjcal co str ction as in first
enbodi meritQ LB OFnFye& T ot FBF OF Bframs & (51 fh%ll“fafte‘?ﬁrjl{ Qi?"(ﬂ be
described later. Fig. 12 is a _flow chart |IIustrat|ng a control
operatiorPé® 9b 9ér#6¢@eGWQ1qqﬁm@%ﬁ§d?§tFBﬁoﬁﬂﬁbégke OH@PHW@ﬁeﬁiﬁme to
this flow chart, an explanation wll %Dven to a difference fromthe

contr ol oaerasldm|mpV©hQGMWQﬂneﬁb@mQhﬂﬂ eYer St-he dehydration process is
started, the 20 rotation speed controlling section 31 controls:the
rotation of the Retdrallly\star4 hehitnverteért iconwed!ls ngy Secprovi#Ed o rotate
the drum3 at a rotation speed of about 60 rpm(Step S21).. At this
rot at ison speedada o tenhei flugdlapedceaadtingoonweld svater in the bal ancer 25
23 is virtually balanced with the gravity. Wen the drum 28
In the washing machine of the second embodiment,
the total amount of the water retained in the balancer
23 is not changed, but the amounts of water retained in
the respective chambers 25 within the balancer 23 are
10 changed for thebalancingoperation. Thewashingmachine
has the same electrical construction as in the first
embodiment, but only a control program is slightly
different as will be described later.
Fig. 12 is a flow chart illustrating a control
15 operation to be performed in the dehydration process.
With reference to this flow chart, an explanation will
be given to a difference from the control operation in
the first embodiment.
When the dehydration process is started, the
20 rotation speed controlling section 31 controls the
rotation of the motor 10 via the inverter controlling
section 43 to rotate the drum 3 at a rotation speed of
about 60 rpm (Step S21). At this rotation speed, a

centrifugal force acting on the water in the balancer

25 23 isvirtually balancedwith the gravity. When the drum



3is rotated at this rotation speed, portions of the water present on the
outer peripheral side in the respective chanbers 25 are kept retained in
the chanbers 25 within the bal ancer 28 by the centrifugal force, and
portions 5 of the water present on the inner peripheral side in the
respective chanbers 25 falls by the gravity to nove to the other chanbers
25. Therefore, when the drum3 is tenporarily rotated at the aforesaid
rotation speed, the anounts of the water present in the respective

chanbers 1Q 25 are equaljzed. Wth the water anmounts_bei th equal i zed,
no eccentt it F8 &tc?c(gl?r%slcﬁﬁst%tﬁatfllaﬂ{bélp b PSS h‘g?so%f%haen%sterqu -

ccentric
| oad generated by the uneven distrihution of the I% ndéy is exerted on the
drum 3. RHIEERENOTY ERPL PEBFi Hieﬁa%rf%b%ﬁ%?éfjieoﬁnof %ef C9BeChdidry, the
detection of the eccentric |oad and the judgnent on the eccentricity are
carried ctRapReSteps a2 Kep B256e hAil &l carld VR ERREES SPepdt&2 o S5. I f
the eccentricity is not greater than the allowable [evel, the process goes
to Step S30e hhéralnet he3 rbyathencepdadi DOgednfrdlds neREcPP&s 1P S ncr eases
the rotation speed of the drum3 up to about 700 rpm and keeps this
r ot at bon o §peled Wat erherdeydr atri ¢ g Hirghe s peedidbkydrlatsiisle igpdhed i on). On
the other hand, if the eccentricity is greater 25 than the allowable |evel
in Step Lb&spehe ibad aricampe2® 25 falls by the gravity to move to
the other chambers 25. Therefore, when the drum 3 is
temporarily rotated at the aforesaid rotation speed, the
amounts of the water present in the respective chambers
10 25 are equalized. With the water amounts being thus
equalized, no eccentric load occurs in the balancer 23,
so that only an eccentric load generated by the uneven
distribution of the laundry is exerted on the drum 3.
Subsequently, the preliminary dehydration of the
15 laundry, the detection of the eccentric load and the
judgment on the eccentricity are carried out in Steps
S22 to S25 which are equivalent to Steps S2 to s5. If
the eccentricity is not greater than the allowable level,
the process goes to Step S30, whereby the rotation speed
20 .controlling section 31 increases the rotation speed of
the drum 3 up to about 700 rpm and keeps this rotation
speed for the dehydration  (high speed dehydration
operation).

On the other hand, if the eccentricity is greater

25 than the allowable level in Step S25, the balancing



operation is performed through a control operation in Steps S261 to S264
whi ch are equivalent to Steps S71 to S74. That is, the drum3 is rotated
at about 90 rpm (Step S261), and thezootation speed of the drum3 is
reduced 5 to 56 rpmfor a short period at a tine point which depends on
the position of the eccentric |load (Step S263) . Then, the water falls out
of chanbers 25 noving to an upper position of the drum 3, and nost of the
water flows into other chanbers 25 located at a diametrically opposite 10
position with respect to the rot t he amounts of

tion sQﬁLt 7. Aﬁa result, .
t he wat erOPfL #frd ThahbeP& 39 et EAT8YHE éht SOPh& PoSIRFHALIL Y He
eccentric |l oad occurring due to the uneven distribution of the |aundry are
reduced, AREPEhE2 bdmbintS ©f WhiChagér PAWHE EPRRDEPSSEEPS St led At and 15
adj acent the dianetrically opposite position with resgect to the rotation
shaft 7 a%édincléadeds Thie drhe Sckeamfatetiont axeit et PR HE &R ire drum
3 is reduced. In this enbodi nent, the water discharge fromthe chanbers 25
is effect2d6by ,i mtret ite enolty trisducimgetdhef 2ba slthoh spesddafcathe drum 3
during plural turns of the drum3 as in the f first enbodinent. In this
case, 5a duodlé arpm dfort kesheducieani axf atthe t dnet poangpebd cdf deperdium 3 f or
the first water discharge fromthe chanbers 25, i.e., a water discharge
peri od Tlgpnitshselo gt Av hvet tIsherdc i8St epc2bo SA6LJ tepThed3) a wathern di schar ge
period T2 for the second 30
the water falls out of chambers 25 moving to an upper
position of the drum 3, and most of the water flows into
other chambers 25 located at a diametrically opposite
10 positionwithrespecttotherotationshaft?7. Asaresult,
the amountsof thewater inthe chambers 25 locatedadjacent
the position of the eccentric load occurring due to the
uneven distribution of the laundry are reduced, and the
amounts of the water in the chambers 25 located at and
15 adjacent thediametricallyoppositepositionwithrespect
to the rotation shaft 7 are increased. Thus, the
eccentric load exerted on the entire drum 3 is reduced.
In this embodiment, the water discharge from the
chambers 25 is effected by intermittently reducing the
20 rotation speed of the drum 3 during plural turns of the
drum3asinthe first embodiment. Inthiscase, aduration
of the reduction of the rotation speed of the drum 3 for
the first water discharge from the chambers 25, i.e.,

a water discharge period Tl, is set relatively short (Step

25 S262). Then, a water discharge period T2 for the second



wat er di scharge following the first water discharge is set |onger than the
first water discharge period T1 (Step S262). Simlarly, a water discharge
period for the subsequent turn of th&8ddrum 3 is set |onger than the water
5 discharge period for the precedent turn of the drum3 so that the water
can assuredly be discharged fromthe chanbers 25 |ocated at the position
of the eccentric load. As in the first enbodi nent, the speed reduction of
the drum 3 is repeated a nunmber of tines which depends 10 on the anmpount of

water required to be discharged (Step,., S264) .. [ Thir [ t]-

drumtyp %B%ﬁiﬂjsﬁ§5ﬁ7ﬁ§ §8g§ﬂ¥#ﬂﬂt%h3 ?ﬁ%?& kgﬁ%ggfﬁg%?qgg%ghéjﬁresent
invention wll be described 15 with referencg to Fi s..%%t%o %ﬁ; Fig. 13
is a verti®allQREEFoRRARTVEBR FHFEStYaF PRI ERE 2T B9 QAT Ueti%h of the
drumtype washi ng machine_ according to the third enbodi ment. .Conponents
having the63ane &oifsttagdivon sWehE%e %S?}h%rﬂésmerﬁl%gﬁpﬁest of the
first and second enbodi nents are denoted by the sanme reference characters,
and no expihpagiuemwiturbe Ghee riFepet 9.5 Thil® VERRI A Fedht & Vi at es
the rotation sensor 18 provided in the washing machines of the first and
second 25ienbedigerperibustiead, the et edartofugénsof bbej dram 3

so that the water can assuredly be discharged from the
chambers 25 located at the position of the eccentric load.

As in the first embodiment, the speed reduction
of the drum 3 is repeated a number of times which depends

10 on the amount of water required to be discharged (Step
sS264) .
[Third Embodiment]

A drum-type washing machine according to a third

embodiment of the present invention will be described
15 with reference to Figs. 13 to 18.

Fig. 13 is a vertical sectional view illustrating
the overall construction of the drum-type washingmachine
according to the third embodiment. Components having
the same construction as those of the washing machines

20 of the first and second embodiments are denoted by the
same reference characters, and no explanation will be
given thereto.

This washing machine obviates the rotation sensor
18providedjjlthewashingmachinesof1juafirstandsecond

25 embodiments. Instead, an acceleration sensor 29 is



provi ded on a front upper portion of the outer tub 2. The acceleration
sensor 29 nmainly serves to detect a vertical acceleration of the outer tub
2. The magnitude and position of an eccentric |oad exerted on the drumb5 3
are determ ned on the basis of the result of the detection by the

accel eration sensor 29. Fig. 14 is a block diagramillustrating the

el ectrical construction of the drumtype washi ngmachi ne. The el ectrical
construction is substantially the sane 10 as that of the drumtype washing
machi ne according to th i

first enbodi nent, but _.the follown oints are
di f f er entPTTHAL S, O% h2d EEPQﬁ(ﬂP%%HSBPri %ﬁdoﬁhgaﬁﬁ%ﬁteﬁu?F&ﬂfhetecting
section 44 provided in the first enbodinent are obviated and, instead, the
accel eratTf 25csiRbrt290 SR dE]. TR A¥cEPETHR T ohC s8R B2 s
connected to the m croprocessor 30 independently from an output of the
i nverter coRti6elAl Ag e Fohien ofnehetdietegcknPric | 5AE F3IB%EMR on the
drum 3, an accel eration conponent detected by the acceleration 20 sensor
29 is fluztdaped ldcicor dpAg aro ateertEdm riead oadeirt eshchnt GRE G YThe drum
3. Therefore, the nmagnitude of the eccentric load and the position
(angulbar pasie denprmofn¢ deretberttas £slooatdheane be 1det Beheddeh eichd dasi s of
an out put of the acceleration sensor 29. 25 Fig. 15 is a waveform di agram
illustratbpgtar Ixceleration sensor 29.
Fig. 14 is a block diagram illustrating the
electrical constructionof thedrum-typewashingmachine.
The electrical construction is substantially the same
10 as that of the drum-type washing machine according to
the first embodiment, but the following points are
different. That is, the rotation sensor 18 and the motor
current detecting section 44 provided in the first
embodiment are obviated and, instead, the acceleration
15 sensor 29 is provided. The acceleration sensor 29 is
connected to the microprocessor 30 independently from
an output of the inverter controlling section 43.
When the eccentric load is exerted on the drum 3,
an acceleration component detected by the acceleration
20 sensor 29 is fluctuated according to the eccentric load
in each turn of the drum 3. Therefore, the magnitude
of the eccentric load and the position (angular position)
of the eccentric load can be detected on the basis of

an output of the acceleration sensor 29.

25 Fig. 15 is a waveform diagram illustrating an



exenplary fluctuation of the acceleration conponent occurring due to the
eccentric load. The m ninum peak Am n of the accel erati on conponent
appears when the eccentric |load exerted on the drum3 is present at the 5
uppernost position. The position of the eccentric |load can be detected by
utilizing this characteristic. On the other hand, the anplitude of the

fluctuation of the acceleration conponent, i.e., a difference between the
maxi mum peak and the m ni rmm peak (Amax-Amin) ,, reflects 10 the magnitude
of the eccentric load, Figs. 16 (a)

16 (b re di agrans_for expl aining
the pri n%‘l‘ﬁmél@frﬁho@vltlﬁéurﬁtc%%r Bleddt %@%Sgteérarﬁ Fﬁg‘poé“cecreﬁtri c | oad
on the basis of the output of the accel eratl on sensor 29. 15 Wen the

eccent ri cO¢6ad rilg prézent Oat Nehe agitet Fbst 1opssi t i One ORI PRBYEY BRSKin each
turn of the drum 3, the acceleration is mnimzed. Therefore a tinme point

at  whi crﬂrtlheoefccfefmraGCIedaiir&i‘élQﬁeMP@@eflﬁe aFper ibst eé‘ostﬂﬂ?on can be
determ ned by detecting a tine point at 20 which the acceleration is

m ni m zedecQanputi wal ved Exemtedeonctbeedatimom sehspres9ndr @tsdilpted at a
predetermned tinme interval, and stored in the RAM 36 in the

m cr opr ocespermdGt Hes samphi.ng The eroval tiisnhefethel&ccrs.t rThe IRAMI 36 has
five storage areas, i.e., first to 25 fifth storage areas, for storing
therein saapl 8@ IFrtected by utilizing this characteristic.

On the other hand, the amplitude of the fluctuation
of the acceleration component, i.e., adifference between
the maximum peak and the minimum peak (Anax—Anin) . reflects

10 the magnitude of the eccentric load.

Figs. 16(a), 16(b) are diagrams for explaining the
principle of how the microprocessor 30 determines the
eccentric load on the basis of the output of the
acceleration sensor 29.

15 - When the eccentric load is present at the uppermost
position of the drum 3 in each turn of the drum 3, the
acceleration is minimized. Therefore, a time point at
which the eccentric load 1is present at the uppermost
position can be determined by detecting a time point at

20 which the acceleration isminimized. Output values from
the acceleration sensor 29 are sampled at a predetermined
time interval, and stored in the RAM 36 in the
nicroprocessor 30. The sampling interval is herein 10

ms. The RAM 36 has five sterage areas, i.e., first to

25 fifth storage areas, for storing therein sampled



accel eration values. Fig. 16(a) shows storage states observed at
respective tinme points, and the first storage area is shown on the

ri ght most side. Wien the |atest sanpled value is to be stored, a 5 value
previously stored in an n-th storage area (1. n <4) is shifted to an (n+l)
-th storage area, and the latest sanpled value is stored in the first
storage area. A value previously stored in the fifth storage area is

di scarded. That is, values sanpled in the first to fifth 10 sanpling
operations are successively filled.in irst to fifth storage areas

e f
and, therdafBerr FGIRAVEPIIES sa +gdit$&$@ TAPESt S $96r SpPecEti ng
sanpling operations are constantly stored in th M_36 (See Fig. 16 (a))
15 Wherfver £y eshbl BBSPEIGte 1% &k ?Os“trbfrsed,a“ccﬁé? S A 5] Bgé’s%agqre 30
conpares the values stored in the first to fifth storage areas with each
other. Wrehea va ughowhordd Ghe t héIPRMAPF St 8- 8Ge area, i . e . , a value
sampled in the (n-2) -th sanpling operation, is the smallest anong 20
t hese val ues, thi&emaltlee ikafad§edard ot respoadicotohbe giteihfifn 2
accel eration peak (see Fig. 16(b)). The angular position of the eccentric
| oad Gan thlsebemevectedy Hecnade itthemi hir FMS&ced @¢apirG® pehkn
corresponds to the nmaxi nunpeak of the eccentric |oad at the angul ar
posi tion. =25 iAl shadgled he annimuim pehksisrdgeeantaedahy e latest
sampled value is stored in the first storage area. A
value previously stored in the fifth storage area is
discarded. That is, values sampled in the first to fifth
10 sampling operations are successively filled in the first
to fifth storage areas and, thereafter, five values
sampled in the latest and four preceding sampling
operations are constantly stored in the RAM 36 (See Fig.
l16(a)) .
15 _ Whenever a sampled value is newly stored, the
microprocessor 30 compares the values stored in the first
to fifth storage areas with each other. When a value
stored in the third storage area, i.e., a value sampled
in the (n-2)-th sampling operation, is the smallest among
20 these values, this value is judged to correspond to the
minimum acceleration peak (see Fig. 16(b)). The angular
position of the eccentric load can thus be detected,
because the minimum acceleration peak corresponds to the

maximumpeakof theeccentricloadat theangularposition.

25 Although the minimum peak is determined by



utilizing five sanpled values in this enbodi nent, the RAM 36 may be
adapted to store three sanpled values in three storage areas thereof and
the m ni num peak of the acceleration3gmay be determ ned by detecting a tine
point 5 at which a value stored in a second storage area is mnim zed.
However, five or nore sanpled values are preferably enployed for the
determ nation of the m ninmum peak, as in this enbodi nent, for prevention
of erroneous determ nation due to noises 10 On the other hand, the
anplitude of the fluctuation .of the_acceleration, i. a d'ff%rence

e. ..
bet ween tthie* L r&nitvfunk PB&k SEARIE Gnte ¢t HE Smitlt nuf pe SRRPA URS Fef €& s the
magni t ude of the eccentric load. By prelimnparily deterninan% a .
rel ati ondHi) B&t een dehe FrlghrEude Stane 4BTreCcER/R e okaldfd tiie
fluctuation anplitude of the acceleration, therefore, the nagnitude of the
eccentri cchreadstam age deterfi hear6® & RO Dddte HEINEREN PESULS &
anplitude of the acceleration. For the determ nation of the eccentric |oad,
20 neasurarceat evaltuesn afay fee goece enaniechbar deégeitdyed a # 1 menP® 1dnbodi nent ,
but nmeasurenent values of the torque current of the notor 12 or
nmeasubenment whlhués aofvalfiko@toteddimy beeeapdoyddrape afrereesas d net hod
is also applicable to this case,. 25 In any case, the eccentric |oad
exerted anitbheidradn 35However, five or more sampled values are
preferably employed for the determination of the minimum
peak, as in this embodiment, for prevention of erroneous
determination due to noises
10 On the other hand, the amplitude of the fluctuation
of the acceleration, i.e., a difference between the
maximum peak value and the minimum peak value, reflects
the magnitude of the eccentric locad. By preliminarily
determining a relationship between the magnitude of the
15 eccentric load and the fluctuation amplitude of the
acceleration, therefore, the magnitude of the eccentric
load can be determined on the basis of the fluctuation
amplitude of the acceleration.
For the determination of the eccentric load,
20 measurement values of the acceleration are employed in
this embodiment, but measurement values of the torgue
current of the motor. 12 or measurement values of a floor
load may be employed. The aforesaid method is also

applicable to this case,.

25 In any case, the eccentric load exerted on the drum



3 can be detected on the basis of independent data, i . e. , the

accel eration of a support nenber of the drum 3 such as the outer tub 2.
That is, there is no need to detect 8he angular position of the eccentric
| oad with respect 5 to a reference angul ar position of the drum 3, thereby
| eading to sinplification of the construction of the machine and cost
reduction of the machine. Fig. 17 is a flow chart illustrating a control
operation to be performed by the mcroprocessor 30 in 10 the dehydration

process. Figs. 18&a), 1%% ) are schematic. di agra Ll Lustrating the states
of the drumaBPgurietd i gr%&ﬁleo BT IR dPRP %ﬁhtthégégﬁygr'gt'i’on
process is started, the drain valve 16 is qgened ggd t@e r%tah% n speed
of the drifh® a5C8lied ay hemalP Fy2ai AEPELLdd ML D aBbut " F08 MPm’( SP&H s31)
This rotation speed is slightly greater than a rotation %pegd at_which the
centrifuga$ tloeceuteti Agbor -t hd Taknky THeT Bal SnR8dRGECh TPhE G i ty.
Therefore, the eccentric load can thereafter be detected at a relatively
| ow 20 rotlaei @ngvpeed Patd chips PEsEhpi aBcenty tauseadi Bi-5bi 6RSPESt ep S32)
. By gradually increasing the rotation speed, the |aundry which may be
cl ust &r edconaonefeimmda theuldmumSs htiep Phe thisifignipdocESSIEAY be
di spersed and pressed against the inner circunferential surface of the 25
drum 3. \theadtilney rtot as i mp lspeieda £ éachest 100er pan sttheu@sion of the
machine and cost reduction of the machine.
Fig. 17 is a flow chart illustrating a control
operation to be performed by the microprocessor 30 in
10 the dehydration process. Figs. 18(a), 18(b) are
schematic diagrams illustrating the states of the drum
3 during the rotation of the drum.
When the dehydration process is started, the drain
valve 16 is opened, and the rotation speed of the drum
15 3 is gradually increased up to about 100 rpm (Step S31).
This rotation speed is slightly greater than a rotation
speedathmichthecentrifugalforceactingonthelaundry
is balanced with the gravity. Therefore, the eccentric
load can thereafter be detected at a relatively low
20 rotation speed which is less liable to cause vibrations
(Step S32) . By gradually increasing the rotation speed,
the laundry which may be clustered on one side in the
drum 3 after the rinsing process can be dispersed and

pressed against the inner circumferential surface of the

25 drum 3. When the rotation speed reaches 100 rpm, the



| aundry adheres onto the inner circunferential surface in a sonewhat

di spersed state. In this state, the magnitude and position of the

eccentric load exerted on the drum 3 awe detected on the 5 basis of the
accel erati on conponent detected by the accel eration sensor 29 (Step S32).
Then, the detected nmagnitude of the eccentric load is conpared with a

G bal ance all owabl e | evel as a second reference value to judge whether the
magni tude of the eccentric load is 10 not greater than the G bal ance

all owabl e level (Step S33) . [If the magnitude of_ the eccentric | oad
exerted oh?UBRE YAAFH S £§ ﬂBFogﬁéﬁx%nQ%ﬁncfﬁEu@ﬁﬁﬁ%ﬁEéailF&ﬁﬂﬁ%@ | evel

there is no need to performa G bal ancing operation. Therefore, the
rotation Speadsemaieadr skt ehefas Usdeh- 15 rotated at about 100 rpmiis
increased to about 300 rpm (Step S37, see Fig. 18 (b) . At this rotation
speed, the watefdncomis rmdekta, t hbel magarityie hindt hesdtumm 4% thederatel y
extracted to be scattered away by the centrifugal force, and yet the
vi br at i onscoéntthel drima@0=:8e ahddt ha bdbeed riugb 32axee dsispresd eah ttdrain
al l owabl e |l evel even with the eccentric |oad occurring due to the uneven
di strisbutbenief dthethauadieldhat ibs, ddrepbdnandrydétsecpeel iy narel y
dehydrated. By dehydrating the laundry to sone extend in this prelimnary
dehydr at i 98¢ ear 20 i oar eaae om 2he(eeepntBg .| oatheman bkesdppreestsadl whi ch
37 '
magnitude of the eccentric load is compared with a
G-balance allowable levél as a second reference value
to judge whether the magnitude of the eccentric load is
10 not greater thanthe G-balance allowable level (Step S33).
If the magnitude of the eccentric load exerted on
the drum 3 is not greater than the G-balance allowable
level, thereisnoneedtoperformaG-balancingoperation.
Therefore, the rotation speed of the drum which has been
15 rotated at about 100 rpm is increased to about 300 rpm
(Step S37, see Fig. 18(b)). At this rotation speed, the
water contained in the laundry within the drum 3 is
moderately extracted to be scattered away by the
centrifugal force, and yet the vibrations of the drum
20 3 and the outer tub 2 are suppressed to an allowable level
even with the eccentric load occurring due to the uneven
distribution of the laundry. That is, the laundry is
preliminarily dehydrated. By dehydrating the laundry

to some extend in this preliminary dehydration, an

25 increase in the eccentric load can be sﬁppressed which



may ot herwi se occur due to a difference in the dehydration rate of the
| aundry when the drum 3 is rotated at a higher rotation speed for the
dehydration. In addition, the Ilaundrygifirmy adheres onto the inner
circunferential 5 surface of the drum3, so that the laundry is prevented
from bei ng displaced by the gravity when a counter-bal ancing operation is
thereafter perforned. On the other hand, if the nmagnitude of the eccentric
| oad exerted on the drum 3 is greater than the G bal ance 10 allowable
| evel , the follow ng G bal ancing operation is perforped, Mre specifically,
t he rot atTdh %%%Hwéﬁetﬂﬁcu&rﬁ\%%t‘gﬁ ehihgs '?llrrb?gge‘%le}éﬁ’dﬁ‘ °00 rpm
is reduced to about 35 rpmfor a short period at a tine point which
depends oh2tReo posh &ilonubryheheaceRerdEulodd § SR 'e34, 2% 848y, 18 (a)
. That is, the rotation speed of the drum 3 is tenporarily reduced from
t he | evel ratamhicsh sheedcdmy i flugabehordea kenng @ tadAi hbAdry G the drum
is greater than the gravity to the level at which the centrifugal force
is smal | etatthdn ¢t hiel ynayi eylhe0e Thentiond fpoi henar whikum ke resttatd on speed
of the drum3 is to be reduced is determ ned by nonitoring the
fl uct Bat i sardhdehe faddet et atmoB, coapbhent tae dhowndin 1Figreyentad
detecting the position of the eccentric load on the basis of the
occurrenceroefn el v nd ismipaskd Asynth2b JheviatatWwioen speed i s reduced at a
proper tinme point in 38

counter-balancing operation is thereafter performed.

On the other hand, if themagnitude of the eccentric
load exerted on the drum 3 is greater than the G-balance

10 allowable level, the following G-balancing operation is
performed. More specifically, the rotation speed of the
drum 3 which has been rotated at about 100 rpm is reduced
to about 35 rpm for a short period at a time point which
depends on the position of the eccentric load (Step S34,

15 see Fig; 18(a)). That is, the rotation speed of the drum
3 is temporarily reduced from the level at which the
centrifugal force acting on the laundry in the drum is
greater than the gravity to the level at which the
centrifugal force 1s smaller than the gravity.

20 The time point at which the rotation speed of the
drum 3 is to be reduced is determined by monitoring the
fluctuation of the acceleration component as shown in
Fig. 15, and detecting the position of the eccentric load
on the basis of the occurrence of the minimum peak Apin-.

25 The rotation speed is reduced at a proper time point in



a period during which the eccentric load is noved upward after having
passed through the | owernost position of the drum3 (for exanple, in an
angul ar range froma rotational posit3ison 90 degrees before the uppernost 5
position to the uppernost position). Thus, a part of the laundry | ocated
adj acent the position of the eccentric load falls. The centrifugal force
acting on the laundry in the drum 3 is proportional to a distance froma
rotation center 10 (rotation shaft 7). Therefore, a smaller centrifugal

force acts on a part of the | uBﬂ{ | ocated.cl oser, to the yrotation center.
If the rot &FohCSpeBd L1 f’”ﬁlel%i g?‘?%e?gaﬂlgegoﬁrdoﬁst ﬁlgvlee({/éllpwa%r%i ch the
centrifugal force acting on the entire Iaundr% is greater .than thg
gravity, abtele FFingf Perses 9 ustePEdN dubtr yOr6ERFBIE cPBSert 4P th
rotation center first falls by the gravity. By properly setting the
rotation speedraft e? e rspeedPéquctibmMAndN 9 He SpEdf Ifeduc?T ot peri od,
it beconmes possible to cause the part of the laundry located closer to the
rotation 2Otedritaral oppaliltight PPomheadie @ hbefpdra ohet RPONSUMIFY adhering
onto the inner circunferential surface of the drum3 thereby to be
di striSbutedsiin itdre doutrheTharrpafthnest tdws ragantude Tnds posi wiasrt of f an
eccentric |l oad exerted on the drum3 at this tinme are 25 detected on the
basi s of aneaczehdrytlonatedpodentedd the positionof the eccentric

load falls.

The centrifugal force acting on the laundry in the

drum 3 is proportional toadistance fromarotationcenter

10 (rotation shaft 7). Therefore, a smaller centrifugal
force acts on a part of the laundry located closer to
the rotation center. If the rotation speed of the drum
3 is reduced from the level at which the centrifugal force
acting on the entire laundry is greater than the gravity,

15 the part of the clustered laundry located closer to the
rotation center first falls by the gravity. By properly
setting the rotation speed after the speed reduction and
the speed reduction period, it becomes possible to cause
the part of the laundry located closer to the rotatipn

20 center to fall off from the other part of the laundry
adhering onto the inner circumferential surface of the
drum 3 thereby to be distributed in the drum.

Thereafter, the magnitude and position of an

eccentric load exerted on the drum 3 at this time are

25 detected on the basis of an acceleration component



detected again by the acceleration sensor 29 (Step S35) Then, it is judged
whet her the nmagnitude of the detected eccentric load is not greater than
the G bal ance allowable Ilevel (Step 836). 5 If the nagnitude of the
eccentric |load exerted on the drum3 is not greater than the G bal ance
allowable level, the aforesaid prelimnary dehydration is carried out
(Step S37). On the other hand, if the magnitude of the eccentric 10 | oad
exerted on the drum3 is greater than the G balance allowable |evel, the

process returns to Step S$S34.to perfarm _the_G bal anci erat.i again. A
process s%ﬁﬁ%ﬁ%@dgﬁgagt%gsy §%‘f F‘Scseg%e}f%%ll@ﬁleﬁ?g&ourntzi@? (gﬁgprrag%qt ude of
the eccentric |oad exerted on the drum3 is reduced _to not 15 greater
than the G'®Br ahtel 17 BAE6CeWREFAeT ?1%?%Pbg8 anﬁagpedgﬁ§ﬁﬁ' nis
conpleted after the nmagnitude of the eccentric |load exerted on the drum3
isr educe%wenﬁétwg#@&@g%Stqpaﬁqgtrﬁ@t@lbahéﬁbéhea%%a\éepéq avéprrae
magni t ude and position of an 20 eccentric | oad exerted on the drum 3 at
this timelavel déttee®ed36n the basis of an accel erati on conponent detected
by the acceleration sensor 29 (Step S38) . Then, it is judged whether the
magni tude of theldetbet #dgrecoehe 9t tvadk¢censr 1gr éavesr epdgaited on
count er-bal ance 25 allowable | evel as a reference value (Step S39). The 40
the drum 3 is not greater than the G-balance allowable

level, the aforesaid preliminary dehydration is carried
out (Step S37).

On theother hand, if themagnitudeof the eccentric

10 load exerted on the drum 3 is greater than the G-balance
allowablele?el,theprocessreturnstostep834toperform
the G-balancing operation again. A process sequence of
Steps S34 to S36 is repeated until the magnitude of the
eccentric load exerted on the drum 3 is reduced to not

15 greater than the G-balance allowable level.

When the preliminary dehydration is completed
after the magnitude of the eccentric load exerted on the
drum 3 is reduced to not greater than the G-balance
allowable level, the magnitude and position of an

20 eccentric load exerted on the drum 3 at this time are
detected on the basis of an acceleration component
detected by the acceleration sensor 29 (Step S38). Then,
it is judged whether the magnitude of the detected
eccentric load is not greater than a counter-balance

25 allowable level as a reference value (Step S39). The



count er-bal ance allowable level is set snmaller than the G bal ance

al l owabl e I evel (second reference value). |If the nmagnitude of the eccentric
| oad exerted on the drum3 is not greater than the counter-bal ance 5

all owabl e level, there is no need to performthe counter-bal ancing
operation to counter-bal ance the eccentric |load on the drum 3. Therefore,
the rotation speed of the drum 3 which has been rotated at about 300 rpm
is increased to a higher rotation speed (about 700 10 rpm, which is kept

for the dehydration (Step S4ﬁ).d¥ﬁﬂ$the ot her hanpd, if .the nagnitude of the
eccentri ¢c° 65895&9%%Hc8na9 “ 35S rbﬁtﬁ?gtﬁ%ﬁﬁgﬁg CESURt IS bal ance
all owabl e I evel, the counter-balancing operation is perfornmed. 15 The
count er - HaT BAGBARG opet APHER 1 beVEér flGsfednd; ﬁeé%b%‘?%ﬁovla USb- i s
substantially the same process as in Steps S71 to S74 in FigH%G in
accordance with fHethfi Rggndibode mehtthafeerehhé icobRes eH ERY iy
operation, the 20 magnitude and position of an eccentric |oad exerted on
the entirghedrdmu® ai ihi sothi mrestdet ddray bhet f@ Walse 5~ Lot adir Qccel erati on
conmponent detected again by the acceleration sensor 29 (Step S42) . Then,
it is5 udgetowalpdtehetethé ,megnd t @dé sofna hee ddt &ct axk eteent tihe | oad is 25
not greater than the counter-bal ance all owable | evel 41
counter-balancing operation to counter-balance the
eccentric lcad on the drum 3. Therefore, the rotation
speed of the drum 3 which has been rotated at about 300
rpm is increased to a higher rotation speed (about 700
10 rpm), which is kept for the dehydration (Step S45).
On the other hand, if themagnitude of the eccentric
load exerted on the drum 3 is greater than the
counter-balance allowable level, the counter-balancing
operation is performed.
15 The counter-balancing operation to be performed
in Steps S40 to S42 is substantially the same process
as in Steps S71 to S74 in Fig. 6 in accordance with the
first embodiment.
After the counter-balancing operation, the
20 magnitude and position of an eccentric load exerted on
the entire drum 3 at this time is detected on the basis
of an acceleration component detected again by the
acceleration sensor 29 (Step S42). Then, it is judged

whether the magnitude of the detected eccentric load is

25 not greater than the counter-balance allowable level



(Step $43). If the magnitude of the eccentric | oad exerted on the entire
drum 3 is not greater than the counter-balance allowable |evel, the
rotation speed of the drum 3 which 5 Ras been rotated at about 100 rpmis
increased to a higher rotation speed (about 700 rpn), which is kept for
the dehydration (Step S45). On the other hand, if the magnitude of the
eccentric |oad exerted on the entire drum3 is greater than the 10

count er-bal ance all owable | evel, the eccentric load on the drum 3 is not
yet cancel ed by tg counter-bal ancing operation. Therefore, the rotation
speed is iHcfBasSéF ) to an intermediate rotation speed (about 500 rpnm) at
which vibrations are suppressed even with the eccentric Ioaqi%ﬁ exerted on
the drum 3, and €fi EDEoPAENGT UFR& i T k&R bF 1EneCaehF & Th TSt epS44) .
Alternatively, aprocess sequence of Steps S41 to S43 may be repeated until
the nagriitad bl ren@r BBCRAtY PO 4@ ab@F (P it thE Mt 19 B~ PatamcE i s

reduced to not greater than the counter-balance 20 allowable |evel. In
Step S44 a¥1©48D ltehd afehydr BhPoROpEddes’s wreled aft Bheadragse whigh
predet er mi ned dehydration period. In this enbodinent, the eccentric |oad

gener at echdy hden | munhatpdcah deovantePabhyi 1 e cacvenedi o laohd 9hoyr
generated by the water retained in the water tanks 20 42
rotation speed (about 700 rpm), which is kept for the

dehydration (Step S45).
On theother hand, if themagnitude of the eccentric
load exerted on the entire drum 3 is greater than the
10 counter-balance allowable level, the eccentric load on
the drum 3 is not yet canceled by the counter-balancing
operation. Therefore, the rotation speed is increased
to an intermediate rotation speed (about 500 rpm) at which
vibrations are suppressed even with the eccentric load
15 exerted on the drum 3, and this rotation speed is kept
for thedehydration (Step S44). Alternatively, aprocess
sequence of Steps S41 to S43 may be repeated until the
magnitude of the eccentric load exerted on the entire
drum 3 is reduced to not greater than the counter-balance
20 allowable level.
In Step S44 or $S45, the dehydration process ends
after a lapse of a predetermined dehydration period.
In this embodiment, the eccentric load generated
by the laundry can be canceled by the eccentric load

25 generated by the water retained in the water tanks 20



and, therefore, virtually no eccentric load is exerted on the entire drum
3. Thus, vibrations and noises due to the vibrations can virtually be
prevented even if the dehydration prdéess is performed with the uneven 5
di stribution of the laundry. Particularly, the counter-bal ancing operation
is perfornmed after the eccentric load is roughly distributed by the
G bal ancing operation, so that a w der range of eccentric |oads can be
cancel ed. 10 [Fourth Enbodi nent] A drumtype washi ng nmachi ne according to a
fourth enbodi pent of the present, jnvention w.ll. be describ e
ref erencé®®®’ FF§r P 1o’ Zﬁ.lr UGt 19 1Y QS RS gl?/‘?ért%%aggseg\c@ﬁ%nal Vi ew -
15 illustrating the overall cgnstruction of the drumtype .washi machi ne
accor di ng®® ot BReehddrish ‘gﬁ‘ﬁ’adgnentT%uSConY)bHEﬁlts}oﬁ’aﬁi%é{tﬁ8l§§r’?e dife
construction as or equivalent to those_of the washing machine of the first
enbodi merfto e HepbREd WP GFd YAkt v of eveReP ERYFRGEE £V i thfe
drumtype washi ng machine, a rotation shaft 7 is connected to the back of
a drum 3,dehddrkd ot aprosesshat$ PepricjEeed redhwdre® yuBEYiSe outer tub 2.
The rotation shaft 7 is attached to the outer tub 2 via a bearing 8. A
rear énd ofsthébndtiaenonfshdfe Yausdeoupl eRbicyla My (dihéct drive) notor
10. Therefore, the drum 43

counter-balancing operation is performed after the

eccentric load is roughly distributed by the G-balancing
operation, so that a wider range of eccentric loads can
be canceled.

10 [Fourth Embodiment]

A drum-type washing machine according to a fourth

embodiment of the present invention will be described
with reference to Figs. 19 to 24.
Fig. 19 is a schematic vertical sectional view

15 illustrating the overall construction of the drum-type
washing machine according to the fourth embodiment.
Componenfs having the same construction as or equivalent
to those of the washing machine of the first embodiment
are denoted by the same reference characters.

20 In the drum-type washing machine, a rotation shaft
7 is connected to the back of a drum 3, and the rotation
shaft 7 projécts rearwardly of the outer tub 2. The
rotation shaft 7 is attached to the outer tub 2 via a
bearing 8. A rear end of the rotation shaft 7 is coupled

25 to a DD (direct drive) motor 10. Therefore, the drum



3 is rotated about the rotation shaft 7 by the DD notor 10 in washing and
rinsing processes. One feature of this enbodinent is that the rotation
shaft 7 is inclined. More specifically3 the rotation 5 shaft 7 is inclined
at an angle of not greater than 30 degrees with respect to a horizontal
line, preferably at 10 to 20 degrees, nore preferably at about 15 degrees
with respect to the horizontal line. As a result, the drum 3 supported by
the rotation shaft 7 is rotated in 10 a state tilted at an angl e of not

greater than 30 degrees. with_ respect ,t.o the horizontal.line In this case,
the drum 3% sr?]g#«?die%xflhétt}éﬁ gﬁ%ﬁitﬁgorhfe}b? g%l éegyokhteh@% 1mr°oncn°tr si de of
the drum3 is directed diagonally.upward. This arrangenent provides an
effect tha! FRUNGESPERA 25 d%%@%lBg'FHéHE%SFﬁSand unl oaded fromthe tilted
drum 3 through the opening 47 directed diagonally upward. A reason why
the drum 3 is tiPPediadtaf aRgler bf HROGr BN L EHAP 80 fegPeeL 1 t o

prevent the laundry retained in the drum3 from|leaning forward or
rearwar d SIP®LEI dngt ¢ henEdtiagbn aMpse ispecifiemldiVustBrengosa i front
side or the rear side in the drum 3. According to an experinent conducted
by thé islveftor’s isf itthel predentt ialvem ¢ ba, ofhadtaurdegtes tihadl 0t o
cluster on the rear side (on the right side in Fig. 25 19) in the drum3
when the degmeds witht edsate @n excesdiorsl zoggal line, preferably
at 10 to 20 degrees, more preferably at about 15 degrees
with respect to the horizontal line. As a result, the
drum 3 supported by the rotation shaft 7 is rotated in
10 a state tilted at an angle of not greater than 30 degrees
with respect to the horizontal line. In this case, the
drum 3 is tilted so that an opening 47 provided on the
front side of the drum 3 is directed diagonally upward.
This arrangement provides an effect that laundry can
15 easily be loaded ih and unloaded from the tilted drum
3 through the opening 47 directed diagonally upward.
A reason why the drum 3 is tilted at an angle of
not greater than 30 degrees is to prevent the laundry
retained in the drum 3 from leaning forward or rearward
20 along the rotation axis, i.e., from clustering on the
front side or the rear side in the drum 3.
According to an experiment conducted by the
inventorsof1ju3presentinvention,the laundry is liable

to cluster on the rear side (on the right side in Fig.

25 19) inthedrum 3 whenthedrum3 istiltedat anexcessively



great tilt angle in Fig. 19. As a result, the laundry cannot sufficiently
be agitated when the drum3 is rotated in the washing process, so that a
washi ng performance may be deteriorat@d. Wiere the drum3 is tilted at a 5
tilt angle of not greater than 30 degrees, on the other hand, the washing
performance is not deteriorated without the |Ieaning of the |aundry al ong
the rotation axis. In this enbodinment, therefore, the drum3 is tilted at
about 15 degrees so that the laundry can easily be 10 |oaded in and

unl oaded fromthe drum 3_and y ioration .of

. t he %ete t? shi_n
per f or man®EeRS prdveriedle BEf Fiids (hdt S%Swﬁ)r&%ﬂ%ﬁt 58n15ﬁ&¢% iate
positions on the inner circunferential surface of the grun13 fqr Vi ng-up
the | aundf§nnAGERELIGIGR {1 ¥ Sddert ke &ﬂﬁfhitg’ﬁ AoHT rJf%FQttiagrfsér?not
shown) are forned in the circunference of the drum 3. During the washing
and ri nsihgtpeocEsTRENInRIEICE RS ai A8d Ghit he BatSL UL 2T EPORE 5t 0 t he
drum 3 through the water comunication perforations., Durln% a dehydration
process, mavebe2@l&keraered €¢ om Wherleadsr ydrnmt Re ¥ ubd 3ties sdatd ered
away toward the outer tub 2 through the water comruni cation perforations.
The ba&ck oflthendriemdf irsotlosedty &hregardwaldgrdgs, and wateeo thwiks 20 are
provided on the rear side of 25 the rear wall 48. That is, the water tanks
20 are prioghdedt¥6 washing performance is not deterioratedwithout
the leaning of the laundry along the rotation axis.
Inthis embodiment, therefore, thedrum 3 is tilted
at about 15 degrees so that the laundry can easily be
10 loaded in and unloaded from the drum 3 and yet_the
deterioration of the washing performance is prevented.
Baffles (not shown) project from appropriate
positions on the inner circumferential surface of the
drum 3 for moving up the laundry. Amultiplicity of water
15 communication perforations (not shown) are formed in the
circumference of the drum 3. During the washing and
rinsing processes, water retained in the cuter tub 2 flows
into the drum 3 through the water communication
perforations. During a dehydration process, water
20 extracted from the laundry in the drum 3 is scattered
away toward the outer tub 2 through thewater communication
perforations.
The back of the drum 3 is closed by a rear wall

48, and water tanks 20 are providéd on the rear side of

25 therearwall 48. That is, thewater tanks 20 are provided



between the rear wall 48 of the drum 3 and the outer tub 2, and rotatable
together with the rear wall 48 of the drum 3. The construction of the
water tanks 20 will nore specificallysSbe described with reference to Figs.
20 and 5 21. The water tanks 20 may be provided within the drum 3 (on the
front side of the rear wall 48) rather than outside the drum3 (on the
rear side of the rear wall 48). The drumtype washi ng machi ne includes a
water 10 supply nechani sm and a water drain nmechanism The water supply

mechani sm features.in _that a wat sup ort .15 is.provided i he outer
tub 2 ang]b%g}%?éld% o dach™ '0f hgé\/\%?e?hfgaﬁﬁgnbg Scralidng(;'I%reotoadceedr ttrc}ng he |
| owernost_ position. Particularly, the.,water supply po IS rovi ded
under thé? r ofaf GRrJEsan%‘%PE?. %?ﬂeereé?%¥e","l$gt grhe s‘ﬁ%%% ‘éaliftlr (]%1% t%lab%)er
supply port 15 does not contact ,the rotation shaft 7, so that the water -
can propetfympd. stps Fed Sthtecthenvat drb ¢ aikses0-2rhe whterl sdipffed from:
the water supply port 15 flows out of the water tanks 20 20, and is

retai ned spefhd isiael vike Peseradadbwidusederorchashihgdand Piariing t he

| aundry. . A water drain port is provided at the | owernost position of the

outer Stub2®. (afhe Mewsr ntadke gosimeivoke ®djaceRedt githd Iy ddye ebgemof t he

outer tub 2 in Fig. 19) 25 and one end of a water drain pipe 46 is
connect ed3t donhehs front side of the rear wall 48) rather than

outside the drum_3 (on the rear side of the rear wall
48) .
The drum-type washing machine includes a water
10 supply mechanism and a water drain mechanism. The water
supply mechanism features in that a water supply port
15 is provided in the outer tub 2 and opposed to each
of the water tanks 20 being rotated to the lowermost
position. Particularly, the water supply port 15 1is
15 provided under the rotation shaft 7. Therefore, water
supplied from the water supply port 15 does not contact
the rotation shaft 7, so that the water can properly be
supplied into the water tanks 20. The water supplied
from the water supply port 15 flows out of the water tanks
20 20, and is retained in the outer tub 2 so as to be used
for washing and rinsing the laundry.
A water drain port is provided at the lowermost
position of the outer tub 2 (at a lower middle position
adjacent to the rear edge of the outer tub 2 in Fig. 19),

25 and one end of a water drain pipe 46 is connected to the



water drain port. In a water drain process, the water in the outer tub 2
is drained to the outside through the water drain pipe 46. A water drain
punp nmay be provided in the mdst 5 af the water drainpipe 46 for forcibly
draining the water. A pair of dampers 49 and a pair of coil springs 50 for
supporting the outer tub 2 are provided in a housing 1. The pair of
danpers 49 support |ower rear portions of the outer tub 2, and connect the
outer tub 2 to an 10 inner bottom surface of the housing 1. The danpers 49
support the outer tub 2 so that vibrations of the outer % b 2, if
occurring’@E8h FE &PEHDEH: THE Fait? ?rciffll?pﬂrﬁg%e%ﬁ's ESOVF%er front
portions of the outer tub 2, and caonnect the outer tub 52 to the ceiling
of the hotRifFye10UFRE bUPel £§09Z Fihadidporthed Byt eh ed’ég}ﬁé’ﬁjsg}h@}h%d t he

coil springs 50 so that the outer tub 2 can sway within the housing 1. An
accel er atidhesesF1RPoPi®eprifvi ded, for exanple, on an upper front portion
of the outer tub 2. The 20 acceleration sensor 29 detects accel erations
acting vertical Byvwardet adeean puperpendbeuPaovided alpapee Mige on the
outer tub 2. The nmagnitude and position of an eccentric |oad exerted on
the entiref dhewa tduedrid rupéepend Aifstr ifoutd idnl wid nehien § adridry wiedteai ned i n
the 25 drum 3 can be determ ned on the basis of the result of 47
A pair of dampers 49 and a pair of coil springs
50 for supporting the outer tub 2 are provided in a housing
1. The pair of dampers 49 support lower rear portions
of the outer tub 2, and connect the outer tub 2 to an
10 inner bottom surface of the housing 1. The dampers 49
support the outer tub 2 so that vibrations of the outer
tub 2, if occurring, can be absorbed.
The pair of coil springs 50 support upper front
portions of the outer tub 2, and connect the outer tub
15 2 to the ceiling of the housing 1. The outer tub 2 is
supported by the dampers 49 and the coil springs 50 so
that the outer tub 2 can sway within the housing 1.
Anaccelerationsensor 29isprovided, for example,
on an upper front portion of the outer tub 2. The
20 acceleration sensor 29 detects accelerations acting
vertically and laterally (perpendicularly to a paper
face) on the outer tub 2. The magnitude and position
of an eccentric load exerted on the entire drum 3 due

to uneven distribution of the laundry retained in the

25 drum 3 can be determined on the basis of the result of



t he detection by the acceleration sensor 29. Fig. 20 is a sectional view
taken along a line GC in Fig. 19. Fig. 21 is a perspective view
illustrating the outer appearance of 49ne of the water tanks. 5 An annul ar
container 54 is provided on the rear side of the rear wall 48 of the drum
3. The container 54 includes the plurality of water tanks 20, 20... which
are arranged circunferentially equidistantly about the rotation shaft 7.
10 Referring to Figs. 20 and 21, the -annular container 54 is constituted
by a pair

of annul ar. pl ates ,38, 39 spaced. .a_predet ern,ged di stance
paral | el Vbeeag eocta%JeS? éﬁ’dt © peFcs eerraﬁ‘tf)?atese%% g?s?ﬁg t he periphery of
a space between_the ir of annular plates 38. 39..1n the ann , 15
cont ai ner 54, paFﬂ@bigﬁ de?é?“%%l%Péee&bFHiE?gﬁpl?loBﬁb@?H%%e#%qiadiaIIy
partition the container_into the plurality of water ta is 20. In this
embodi nenmt ¥he- &fnul &rl Tont ki herad € ¥ SPEEMY S o‘hje%lwih? ugd nadt ¥ It anks
20 by 16 partition plates 55. 20 The water tanks 20 each have an opening 26
whi ch opehe ot 2heepdtaatoncéemied .ORA s§8Far# o pRAKS - 27 is provi ded
on the opening 26 of each of the water tanks 20 to cover about 1/2 to
about 52/ 3 of thelopemimyglarThendaparari 64 plsatte P7idedePs &ori@dd portion

of the 25 opening 26 with respect to the direction of rotation of 48
side of the rear wall 48 of the drum 3. The container

54 includes the plurality of water tanks 20, 20... which
are arranged circumferentially equidistantly about the
rotation shaft 7.

10 Referring to Figs. 20 and 21, the annular container
54 isconstitutedbyeapair<3fannularplétes38, 39 spaced
a predetermined distance parallel to each other, and a
peripheral plate 33 closing the periphery of a space
between the pair of annular plates 38, 39. 1In the annular

15 container 54, partition plates 55 are equidistantly
provided to radially partition the container into the
plurality of water tanks 20. 1In this embodiment, the
annular container 54 is partitioned into 16 water tanks
20 by 16 partition plates 55.

20 The water tanks 20 each have an opening 26 which
opens toward the rotation center. A separation plate
27 is provided on the opening 26 of each of the water
tanks 20 to cover about 1/2 to about 2/3 of the opening.
The separation plate 27 covers a forward portion of the

25 opening 26 with respect to the direction of rotation of



the water tanks 20 which rotate together with the drum 3. The presence of
the separation plates 27 prevents water fromspilling out of undesired
ones of the water tanks 20. 5 Furtheri8 the separation plates 27 are each
inclined downward toward an edge 28 thereof which faces the opening 26 to
gui de water into the water tank through the opening 26. The water tanks 20
are each di nensi oned such that 10 the radius of arcuate edges of the
opening 26 is 125 mm the radius of an arcuate outer periphery thereof is

275 mm and the thickness. thereof (distance between th nnul ar pl ates 38
and 39) iah§5wﬁ§1erThtearb ar aPi 916" \ﬁacfé?‘%feaﬁlgg Qr ew%:gﬁst%ibteutagrd”ﬁ)l5 by
the pair gf angular | ates 38 1§?, t he periPheraH | ate,,33 and the
partition’ pl at 8§ 55 @8°BESc A ab5FR2 Tttt O e 16d Tonsli PALSE ™ ¥or
exanpl e, by four parts in_consideration gf easy. nountin %gereof on the
drum 3. WBEEBTsgeq™ iTRtLylng okt mhrerred it IMeSanhultde YA Tont ai ner
54 is equally divided into four 90-degree parts each including four water
t anks, andapké fdur parts are conmbined to constitute the 16 water tanks.
The construction of the water tanks is not limted to those described
aboveSin this enbudithent, tha sehe nadeen PAR teRkY 3§ SHech AdEFeritRMt | y
constructed. 49 _

downward toward an edge 28 thereof which faces the opening

26 to guide water into the water tank through the opeﬁing
26.
The water tanks 20 are each dimensioned such that
10 the radius of arcuate edges of the opening 26 is 125 mm,
the radius of an arcuate outer periphery thereof is 275
mm, and the thickness thereof (distance between the
annular plates 38 and 39) is 25 mm.
The plurality of water tanks 20 are constituted
15 Dby thepair of annular plates 38, 39, the peripheral plate
33 and the partition plates 55 as described above, but
may be constituted, for example, by four parts in
consideration of easy mounting thereof on the drum 3.
More specifically, it is preferred that the annular
20 container 54 is equally divided into four 90-degree parts
each including four water tanks, and the four parts are
combined to constitute the 16 water tanks.
The construction of the water tanks is not limited
tothosedescribedaboveinthisembodiment,butthewaﬁer

25 tanks may be independently constructed.



Further, the nunmber of the water tanks is not limted to 16, but may be any
ot her nunber. Were the drumis tilted at an excessively great angle with
respect to the horizontal axis, the valbune 5 of the water to be retained
in the water tanks is reduced, so that a counter-bal ancing effect to be
described later is reduced. Fromthis viewoint, the tilt angle of the
drumwith respect to the horizontal line is preferably not greater than 30
degrees. 10 The electrical construction of the drumtype washing machine
of the fourth enmbodinent is._substantiall n the third

tir%ﬁ'f dEp

y _.the sane as
embodi ment with &Y PerBHRRST| A HE TN G %%]fﬁnfsﬁné).t 22 is a
flom/chart_illustrating the outline 15 of a control operation to be
per f or med iR1tRE dehybPat PoF PRBcBSs 31 t hRDBLUMAYTDB washi ng machi ne.
First, the drum3 is rotated at 100 rpm and an eccentricity (the
nmagni t ude and anftiedre pdxe tdBaMot Sahl LEGCertl iad 1VEHF S F3VEete KSR ¥ St ep P1)
. If the detected 20 eccentricity is within an allowable range, the drum 3
i s rotat ezingd e300 tripnr eepeprtel t on hhey hdehyzlv At Rdn a0Step tPR) VORRERE an
eccentricity of the drum3 rotated at 300 rpmis detected (Step P3) . In
turn, 5a cofintlee Wl @ndicndge opdraatn oa irs ther artreed ttag leancelr edhece d,
eccentricity 25 detected in Step P3 (Step P4). 50
so that a counter-balancing effect to be described later
is reduced. From this viewpoint, the tilt angle of the
drum with respect to the horizontal line is preferably
not greater than 30 degrees.
10 The electrical construction of the drum-type
washingmachine of the fourth embodiment is substantially
the sameas inthethirdembodimentwithaslightdifference
in the control program.
Fig. 22 is a flow chart illustrating the outline
15 of a control operation to be performed in the dehydration
process in the drum-type washing machine.

First, the drum 3 is rotated at 100 rpm, and an
eccentricity (the magnitude and angular position of an
eccentric load) is detected (Step P1l). 1If the detected

20 eccentricity 1is within an allowable range, the drum 3
is rotated at 300 rpm for preliminary dehydration (Step
P2). Then, an eccentricity of the drum 3 rotated at 300
rpm is detected (Step P3). 1In turn, a counter-balancing

operation is performed to cancel the eccentricity

250 detected in Step P3 (Step P4).



Wth reference to Figs . 24 (a) - (c) , an explanation will be given to the
count er-bal anci ng operation. In the counter-bal ancing operation, the
plurality of water tanks 20 are firstsoeach filled with water. Wen the
drum 5 3 is rotated at a rotation speed not |ower than a predeterm ned
| evel, e.g., not lower than 100 rpmin this enbodinent, the water can be
retained in the respective water tanks 20 by a centrifugal force generated
by the rotation. Therefore, the water tanks 20 are each filled 10 with the
water while the drum3 is rotated at, 100 rp is e Fig. 24%3))“
Subsequent 1y, e h ik B TRg acR d %hi 144 (o1 Sﬁi’vﬁpy@fﬁ)b fire Yt er
tanks 20 so_as_to cancel the eccentric |l oad occurring due to the uneven
di stri but?Ybhl1BeofI 1| 6ndhe reP APhREd TRP I HRCAPIMOP CIREA e gt ati on
speed of the drum3 is reduced to |ower than the _predeterm ned |evel, the
vat er faltlegteunt et b BF 1NdafRS T20- 1 ¢/ t B S REBBEILAEN O & Wé&iore, the
rotation speed of the drum3 is reduced to 45 rpmfor a short period 20 at
a predet efamked2 @iame poi nst Thehtiheledimithorathe . spewn ridvRictivh i s
determned so that the water falls out of water tanks 20 | ocated at the
posi t bon ®f i sheotectedt ritc a cadt £ Fign 24{4¥ 9. nTlti sl oper athem is perforned
once to several tines, 25 whereby a counter-bal anced state can be
est abl i shededrt®kmined level, e.g., not lower than 100 rpm in this
embodiment, the water can be retained in the respective
water tanks 20 by a centrifugal force generated by the
rotation. Therefore, the water tanks 20 are each filled
10 with the water while the drum 3 is rotated at 100 rpm.
(see Fig. 24 (a)).

Subsequently, the water is caused to spill
selectively from the water tanks 20 so as to cancel the
eccentric load occurring due to the uneven distribution

15 of the laundry retained in the drum 3. When the rotation
speed of the drum 3 is reduced to lower than the
predetermined level, the water falls out of the water
tanks 20. 1In this embodiment, therefore, the rotation
speed of the drum 3 is reduced to 45 rpm for a short period

20 at a predetermined time point. The time point for the
speed reduction is determined so that the water falls
out of water tanks 20 located at the position of the
eccentric load (Fig. 24(b)).

This operation is performed once to several times,

25 whereby a counter-balanced state can be established in



whi ch the eccentric |oad generated by the laundry is canceled by a | oad of
the water retained in the water tanks 20. Referring back to Fig. 22, after
the 5 counter-bal ancing operation is perforned in Step P4, the drum3 is

rotated, for exanple, at 500 rpmfor internediate speed dehydration (Step
P5) . In this internmedi ate speed dehydration, an eccentricity is detected
again (Step P6). The counter-bal ancing operation perforned in Step 10 P4

ains at canceling the eccentric |oad occurring when the drum3 is rotated

at 300 rpm  Wen . the rotation spee of the _drum 3 .,is increased from 300
rpmto 50’31“?%%1 thife @ RREBLE G 1P EAed A& TAEESd O Irit € he?FEGHdf y* Sso t hat

the eccentricity i s changed. This is why the eccent icih¥ 15 occurring
during theARREéErediate $PEE UehyRratediet Y wheha 1tke drint38i ¥4t hted at
500 rpm is detected in Step P6. Then, the counter-bal ancing operation is
per f or medt #nkst &9 -P7 to cancel the eccentricity.. The 20 rotation speed of
the drum 3 which is now free fromthe eccentricity is further increased,
and the drumis Retfatrtinat DX ripm FSoep 8) af¥ken,thm eccentricity is
detected again (Step P9) , because the water is further extracted from
the | &undcyuht echdrmkahhé ngroprtndtcl oy . i 9P eSubsenadnihygtehe 4, the
count er - bal anci ng operation is 52
drum 3 is rotated, for example, at 500 rpm for intermediate
speed dehydration (Step P5). In this intermediate speed
dehydration, an eccentricity is detected again (Step Po) .
The counter-balancing operationperformed in Step
10 P4 aims at canceling the eccentric load occurring when
thedfumiSisrotatedeﬂ:300rpm. When the rotation speed
of the drum 3 is increased from 300 rpm to 500 rpm, the
water is further extracted from the laundry, so that the
eccentricity is changed. This is why the eccentricity
15 occurringduringthe intermediate speeddehydration (when
the drum 3 is rotated at 500 rpm) is detected in Step
P6.
Then, the counter-balancing operation is
performed in Step P7 to cancel the eccentricity. The
20 rotation speed of the drum 3 which is now free from the
eccentricity is further increased, and thedrumis rotated
at 700 rpm (Step P8). Then, an eccentricity is detected
again (Step P9), because the water is further extracted

from the laundry to change the eccentricity.

25 Subsequently, the counter-balancing operation is



performed to cancel the eccentricity (Step P10). Thereafter, the drum3 is
rotated at 1000 rpm for high speed dehydration (Step P11). If the
eccentricity detected in Step P3, P6 o P9 5 is at a |evel that possibly
causes no trouble during the rotation of the drumfor the subsequent
dehydration, the correspondi ng counter-bal ancing operation in Step P4, P7
or P10 is skipped, and the drum3 is rotated at a rotation speed for the
subsequent dehydration. 10 Fig. 23 is a flow chart illustrating in detai
the dehydration control operatjon described w.th fere to Fig. 22.
The cont rioft B&F‘het‘?oﬁov\nclaln%fejcgﬁe@icﬁecrétf‘T:;L/Clgé/ d{esg%le’Pbgg%\X/i th reference
to Fig. 23. Prior to the dehydration process, the er drain 15 valve 16
i s opened! B§ TR Vo vet BFi \?igﬁﬁ“ gbc]t?o Oh3teg artes]p%@éerPB‘ 3050%% from
the m croprocessor 30. Thus, the water retained in the outer tub 2 and
water to peeed strgeatilvtd theeBufdrltub 2 in the foll owi ng dehydration
process are drained fromthe water drain port 20 17 through the water
drain pipe 46. Whén tiige cgeiRplr bi Fok YpASLest ¢4 S atten, PeheP R Eroprocessor
30 controls the DDnotor 10 via the inverter controlling section 43 to '
rotat & thesdatina 3l ave30thpiy Posts IOl Y pm apes a0 1000 HPhee st ¥v¥ B®econds

(Step T1). 25 At a rotation speed of 100 rpm the centrifugal force 53
rotation of the drum for the subsequent dehydration, the

corresponding counter-balancing operation in Step P4,
P7 or P10 is skipped, and thedrum 3 is rotatedat arotation
speed for the subsequent dehydration.

10 Fig. 23 is a flow chart illustrating in detail the
dehydration control operation described with reference
to Fig. 22. The control operationwill more specifically
be described with reference to Fig. 23.

Prior to the dehydration process, the water drain

15 wvalve 16 is opened by the valve driving section 42 in
response to a command from the microprocessor 30. Thus,
the water retained in the outer tub 2 and water to be
discharged into the outer tub 2 in the following
dehydration process are drained from the water drain port

20 17 through the Water drain pipe 46.

When the dehydration process is started, the
microprocessor 30 controls theDDmotor 10 viatheinverter
controlling section 43 to rotate the drum 3 at.50 rpm,
at 70 rpm and at 100 rpm each for 5 seconds (Step T1).

25 At a rotation speed of 100 rpm, the centrifugal force



acting on the laundry in the drum3 is greater than the gravity, so the
that | aundry adheres onto the inner «circunferential surfaceof the drum3
and rotates together wth the drum3.53In this state, i't is judged on the
basis 5 of an output of the acceleration sensor 29 whether a vertical
acceleration is smaller than 0.05G and a |l ateral acceleration is snaller
than 0.3G (Step T2). If the vertical acceleration and the | ateral
acceleration do not satisfy these conditions, an error sign is displayed
10 (Step TZ%%’ ,_and .the deh grati.on rocess is interrupted. %{p h a
case, the?Shbd&Gehtt epe]r%\l%( he élnetrp?oet Ol|ce)rel%l?lo?rrle%l,(§£ égae%sght etislkg(%tical
acceleration or the |at gtrqal acceleration i?‘ %reater thggxta preset |evel.
I f the vePEP¥AItYacc®Pell i @andt EHEIRY eF AR eTFS LkPeFLS of'%ati sfy t hese
conditions, flags each indicative of a history of the rot?}tion speed of
the drum CBTENELGH eRALPZedr FREE P§, thrpdrud J@nq ROk ad0ds FIO4F L vdi cati ve
of a history of the rotation of the drum3 at 300 rpm in a 500-flag
i ndi cati veish abhridromy3ef LRetROSrotaticonisfisnudeam dathed®$hfn and in
a 700-flag indicative of a history of the rotation of the drum3 -at 700
rpm (StepoT3pn Afutepus eduritied fscedsatatbonQsesi@p 79) whefegher a
m cr oprocessor 30 increases the rotation speed of the 25 drum3 to 300
rpm at whiech itdeel drame Isradtametisfoma2@e34than 0.05G and a lateral
acceleration is smaller than 0.3G (Step T2). If the
vertical acceleration and the lateral acceleration do
not satisfy these conditions, an error sign is displayed
10 .(Step T21), and the dehydration process is interrupted.
Insuchacase, the subsequent operationsarenotperformed,
because the vertical acceleration or the lateral
acceleration is greater than a preset level.
If the vertical acceleration and the lateral
15 acceleration satisfy these conditions, flags each
indicative of a history of the rotation speed of the drum
3 are initialized. That is, “0” is put in a 300-flag
indicative of a history of the rotation of the drum 3
at 300 rpm, in a 500-flag indicative of a history of the
20 rotation of the drum 3 at 500 rpm, and in a 700-flag
indicative of a history of the rotation of the drum 3
at 700 rpm (Step T3).
After a counter is reset to “0” (Step T4), the

microprocessor 30 increases the rotation speed of the

25 drum 3 to 300 rpm, at which the drum is rotated for 20



seconds (Step T5), and selects a threshold for 300 rpm (Step T6). This
threshold is a vertical acceleration |evel, e.g., 0.025G allowable when
the drum3 is rotated at 300 rpm 5 Phen, "1" is put in the 300-flag, and
a water supply flag is reset to "0" (Step T7). Subsequently, an eccentric
|load is detected, and it is judged whether a vertical acceleration
detected by the acceleration sensor 29 is greater than the threshold 10
(0.025G (Step T8) If the vertical accel eration is greater than the

al I owabl e | evel co ris . in msnt ed e t T Then, the
ni cr opr oc%%%%?dSSd ﬁtf&buﬁgghef‘ﬁ’éjr 45 %uﬁg%éfsfrﬁ Jf;ds ggxog)OPSt & T10)
If the water su pnyIagls set at g |ch|nd|ca§es 15 that .the water is
not suppl i28SPt A& i cropt Bcddddishot tds & NECHFLAPS ACADBEFAMIG, in
this state, issues a command to open the water supply valve 14 (Step T14)
Then, wEg®el,is- §uppplQéﬁqfoﬁlltwf\‘/@%@rw%%fip@l}e ym 15 1 sgr RS etk
openings 26 of the plurality of water tanks 20 rotating 20 together with

the drumast pa88 B@mow the water supply port 15, the respective water tanks
20 are filled with the water. The water retained in the water tanks 20 is
preveht ed from sPpheni,n)llyistcem the - forge. 20A & e toithenppaiid, t he
| aundry is pressed against 25 the inner circunferential surface of the
drum 3 byft1he 55 reset to “0” (Step T7).
Subsequently, an eccentric load is detected, and
it is judged whether a vertical acceleration detected
by the accelerationsensor 29 isgreater thanthe threshold
10 (0.025G) (Step T8). If the vertical acceleration is
greater than the allowable level, the counter is
incremented by one (Step T9). Then, the microprocessor
30 judges whether a water supply flag is “0” (Step T10).
If the water supply flag is set at “0” which indicates
15 that thewater isnot supplied, themicroprocessor rotates
the drum 3 at 100 rpm and, in this state, issues a command
to open the water supply valve 14 (Step T14). Then, water
is supplied from the water supply port 15. Since the
openings 26 of the plurality of water tanks 20 rotating
20 together with the drum 3 pass below the water supply port
15, the respective water tanks 20 are filled with the
water. The water retained in the water tanks 20 is
prevented from spilling by the centrifugal force.

On the other hand, the laundry is pressed against

25 the inner circumferential surface of the drum 3 by the



centrifugal force, so that the eccentric |load occurring due to the uneven
distribution of the laundry is kept wunchanged. Therefore, the eccentric

| oad exerted on the drum 3 is not chaaged as conpared with that before the
5 water tanks 20 are filled with the water. Then, the m croprocessor 30
sets the water supply flag at "1" (Step T15), and the process goes to Step
T11l. If the water supply flag is not set at "0" in Step T10, the water
supply is already conpleted, so that the 10 process goes to Step T11l. In

Step 11, it is.jud edd¥hether t he val of the coun&gr is small.er than
TBTT 1T (HRP BRI AIUEC TS SSnBlPEr LiRaRCCSTTHe WaterOFELEAdd (o
spill selectively fromthe water tanks 20 on the hasis of the position of
15 the ec®&nt EPc thgadiyel 88t & e SPBH 1PS 1 cBRtel AURAT Bct EntERE | 0ad
(Step T12). For exanple, the rotation of the drum3 is controlled so as to
spi || thanghepdiaom Taese foditks thec 8CE@THL L 1 fiel 3ade ¥ F BeAdalIt hqul ar
position as the position of the eccentric |oad or at the 20 cl osest
rotati onalramgdl as pedi tdloangedt ke Fosing bador i tthedezkepefod g ddte That
is, the rotation speed of the drum3 is reduced for a short period from
the | évelwdeer ganks 200ampn)fat lehdi o ttthetbenteifaigal force acting on the
water in the water tanks 20 is greater than the gravity 25 to the | evel
(e.g., 45 rpm afhwhi,chhehmicaniprédagalscoroBdesds the water supply

flag at “1” (Step T15), and the process goes to Step T11.

If the water supply flag is not set at “0” in Step
T10, the water supply is already completed, so that the

10 process goes to Step T11.

In Step 11, it is judged whether the value of the
counter is smaller than “5”. 1If the counter value 1is
smaller than “5”, the water is caused to spill selectively
from the water tanks 20 on the basis of the position of

15 the eccentric load detected in Step T8 to cancel the
eccentric load (Step T1l2). For example, the rotation
of the drum 3 is controlled so as to spill the water from
water tanks located at the same rotational angulér
position as the position of the eccentric load or at the

20 closest rotational angular position to the position of
the eccentric load. That is, the rotation speed of the
drum 3 is reduced for a short period from the level (e.g.,
100 rpm) at which the centrifugal force acting on the

water in the water tanks 20 is greater than the gravity

25 to the level (e.g., 45 rpm) at which the centrifugal force



is smaller than the gravity. At this tine, the water is spilt fromthe
wat er tanks 20 | ocated at upper rotational positions of the drum3, so
that the anpbunts of the water retaineéd therein are reduced. 5 In this
enbodi ment, the drumis tilted with respect to the horizontal |ine and,
hence, the plurality of water tanks 20 are also tilted. Therefore, the
falling water hardly flows into water tanks 20 passing therebel ow
Subsequently, a threshold for 100 rpmis selected 10 (Step T13) This

threshold is rtic eration, |ev Ilowable
when thelosru?ﬁ“%\ﬁ§rr ot ‘E‘quE 900V b T%éth tha 6r16‘bee'sst}?8tGUra $ho Step
T8 to detect an eccentric load, and it is 8ed whet her a verti cal

accel er atdi DAPddttett ed We%%éé%%?pdfp%%ﬁ§ rat2§pp§r135051§*§ét°élra]t han t he
threshold (0,010G. If this judgnent is positive, process se ence of.
Steps T9,PORDLiPLE odndhPIATLiud Pepégt ERaknERe ?W@Uéﬁimtoefr thRéSLT 5" . When

the counter reaches "5" in Step T11l, an error sign is displayed (Step T21)
, and t herefehydeat itdrepeosessre ZJOeiilelerﬁierrupted That is, where the
eccentric load is not reduced to not greater than the all owabl e level even
af t er 5t he count efnbah aacimigo dparatt ohhiesdronti htdudigd widrt oespe It ve
tinmes, it is judged that an unexpected accident has occurred, and the
subsequento aper dtldmwinsoatel 25neoénperhenmed. t52 plurality of water
tanks 20 are also tilted. Therefore, the falling water
hardly flows into water tanks 20 passing therebelow.
Subsequently, a threshold for 100 rpm is selected
10 (Step T13). This threshold is a vertical acceleration
level, e.g., 0.010G, allowable when the drum 3 is rotated
at 100 rpm. Then, the process returns to Step T8 to detect
an eccentric load, and it is judged whether a vertical
acceleration detected by the acceleration sensor 29 is
15 greater than the threshold (0.010G). If this judgment
is positive, a process sequence of Steps T9,.T10, T1l1
and T12 is repeated until the counter reaéhes w57,
When the counter reaches “5” in Step Tll, an error
sign is displayed (Step T21), and the dehydration process
20 is interrupted. That is, where the eccentric load is
not reduced to not greater than the allowable level even
after the counter-balancing operation is continuously
performed five times, it is judged that an unexpected

accident has occurred, and the subsequent operations are

25 not performed.



If it is judged in Step T8 that the vertical acceleration is smaller than
the threshold, the counter 1is reset to "0" (Step T16), and it is judged
whet her a condition of 300-flag=l, 560-flag=0 and 700-flag=0 is 5
satisfied (Step T17). If this condition is satisfied, the m croprocessor
30 rotates the drum3 at a rotation speed of 500 rpmfor 20 seconds (Step
T22). Then, a threshold for 500 rpmis selected (Step T23), and "1" s
put inthe 500-flag (Step T24). Thereafter, the 10 process returns to Step

T8, and a vertical. acceleration ,is_detect T , Jthe i;cal

accel eration is 25npla ed® \%/iutdﬁ]et%elrtlhrsgég olelg9 stéﬁggt &4 n\y%téﬁ%%ﬁ. If the

condition in Step T17 is not tisfied, it s jud t her _a .condition

of 300-f|%@9P§e§p@cH<P%gJ:? Snalikd THO |t£ge:6firsé§&$§§rwg S(SPEMR) . It

this condition is satisfied, the m cr-oproges or, 30 r taﬂ%eshtg%l drum 3 at
ait Sophe

700 rpm fbf 5858&css ('St pEEPS) L0 Thet dalthrids Hot i s
selected (Step T26), and "1" is put in the 700-fl%g_;8teET2§) .

Ther eaf t efOREhéE IfTbceEs 3P IRI2Y t 6O ept a8 Pardh WY eét 84 erts cal
acceleration is conpared with the threshold selected in Step T26. The

t hr esfol dsatésfd eshpl Dyed LA 73t-epst To3h hadcrpeltEren Forsakamdliedo. 5G and
0.8G respectively. By thus setting the thresholds for 300 rpm 500 25 rpm
and 700 rpheanichedeveesssui tHbleoforeshéheegheeni yeab8a rotation

speed of 500 rpm for 20 seconds (Step T22). Then, a
threshold for 500 rpm is selected (Step T23), and “1”
is put in the 500-flag (Step T24). Thereafter, the
10 process returns to Step T8, and a vertical acceleration
isdetected. Then, thevertical accelerationis compared
with the threshold selected in Step T23.
If the condition in Step T1l7 is not satisfied, it
is judges whether a condition of 300-flag=1, 500-flag=1
15 and700-flag=0issatisfied (StepT18). Ifthiscondition
is satisfied, the microprocessor 30 rotates the drum 3
at 700 rpm for 20 seconds (Step T25). Then, a threshold
for 700 rpm is selected (Step T26), and “1” is put in
the 700-flag (StepT27). Thereafter, theprocess returns
20 to Step T8, and a detected vertical acceleration is
compared with the threshold selected in Step TZ26.
The thresholds to be employed in Steps T23 and T26
are, for example, 0.5G and 0.8G, respectively.
By thus setting the thresholds for 300 rpm, 500

25 rpm and 700 rpm at the levels suitable for the respective



rotation speeds, the counter-bal anci ng operation can be perforned so that
vi brations caused due to the high speed rotation of the drum 3 can be
reduced to not greater than the threstiold | evel. Thus, the vibrations and
noi ses 5 caused due to the high speed rotation of the drum3 can be
suppressed. If the condition in Step T18 is not satisfied, it 1is judged
for confirmati on whether a condition of 300-flag=l, 500-flag=
and700-flag=l.is satisfied (Step 10 T19). If at |east one of these flags is
set at "Q"

an. error_sign.s displayed. (Step T21), and.then the
dohydr at (SAE BACELSHaSq Bt T et SR CPE Uie CRRANE) BREAT St 1o s
satisfied, the mcroprocessor_ 30 rotates th rum 3 at 1000 rpm for 20
seconds, ReHIERIEEKE © §td¥ﬁ§°5ra§7c]i%%sp9%‘é§§§.gkfﬁet%rtﬁh‘?}Vﬁg“\ﬁé’sene???g
machi ne according to the fourth enbodi ment nmay be nmodified as follows. In
Fig. 19, theakd@di R fhicsdsupper €8 B¢ aephGes itynods IFEGL A Chaf a
wei ght sensor gnot shown) is provided 20 on at |least one of the legs 51. A
wei ght acthagtésarieoldglisrygls. defREfed Hie t HEPRBItHHRR S eABEr NOTTE Het ect ed
weight is sent to the mcroprocessor 30. The microprocessor 30 calcul ates
t he wei ghtavfechduadimdrihe riei ghnegeiad tad alf uan306y t UThg® £ami ght
detected 25 when no laundry is |oaded in the drum3 with a weight 59
be suppressed.
If the condition in Step T18 is not satisfied, it
is judged for confirmation whether a condition of
300-flag=1, 500-flag=1 and 700-flag=1is satisfied (Step
10 T19). If at least one of these flags is set at “0”, an
error sign is displayed (Step T21), and then the
dehydration process is interrupted. If the condition
in Step T19 is satisfied, the microprocessor 30 rotates
the drum 3 at 1000 rpm for 20 seconds, and ends the
15 dehydration process.
The drum-type washing machine according to the
fourth embodiment may be modified as follows.
InFig. 19, thehousingl is supportedbyaplurality
of legs 51, and a weight sensor (not shown) is provided
20 on at least one of the legs 51. A weight acting on the
leg 51 is detected by the weight sensor. The detected
weight is sent to the microprocessor 30. The
microprocessor 30 calculates the weight of the laundry

retained in the drum 3 by comparing a weight detected

25 when no laundry is loaded in the drum 3 with a weight



detected when the laundry is | oaded in the drum The neasurenent and

cal cul ation of the weight are carried out before the washing process is
started, whereby the control operatid® described with reference to Fig. 23
5 can nore advant ageously be perfornmed according to the weight of the

| aundry. That is, the thresholds for the respective rotation speeds to be
selected in Steps T13, T6, T23, T26 in Fig. 23 can each be set at
different |evels depending on the 10 meight of the laundry. Thus, the

control eration, can perfornmed far f er ed 0 th
V|brat|od§ te SFi% ghgﬁo&gl n%a%n§ﬁglé'of gettlﬁ%g%fafhélacce eration
threshold | evel s for rot s of 1 rpm .3 500 rp and 700
rpm accorBfA§HE et IQB @fﬁgFﬁﬂk‘Dga%Pg e ng: %E% E&dﬁdr 5 wei ght
Threshol d Okg to smal |l er than 2kg 0.025G 2kg.to snmaller th 4 0. 020G
4kg to snabfe eﬁW&ﬁféﬁbeOWGEQGHEB%ﬁ“?%e§ﬁaFFe% rr‘;kg""beé ©smal | er

than 7kg 0.010G [300 rpn] Laundry weight Threshold Okg to smaller than
2kg 0. 05GoRkgalo ap@r Pl Arhate 3kgI0efD@bph reference "to Fig. 23

5 can more advantageously be performed according to the
weight of the laundry.

That is, the thresholds fortherespectiverotation

speeds to be selected in Steps T13, T6, T23, T26 in Fig.

23 can each be set at different levels depending on the

10 weight of the laundry. Thus, the control operation can

be performed for further reduction of the vibrations.

Table 1 shows one example of the setting of the
acceleration threshold levels for rotation speeds of 100
rpm, 300 rpm, 500 rpm and 700 rpm according to the laundry

15 weight.

Table 1
{100 rpm] Laundry weight Threshold
0kg to smaller than 2kg 0.025G
2kg to smaller than 4kg 0.020G
4kg to smaller than 6kg 0.015G
6kg to smaller than 7kg 0.013G
not smaller than 7kg 0.010G
[300 rpm] Laundry weight . Threshold
0Okg to smaller than 2kg 0.05G

2kg to smaller than 4kg 0.10G



4kg to smaller than 6kg 0.15G 6kg to smaller than 7kg 0.20G not snaller
than 7kg 0.25G [500 rpn] Laundry weight Threshold Okg to smaller than 2kg
0.30G 2kg to smaller than 4kg 0.35G e4kg to snmaller than 6kg 0.40G 6kg to
smal | er than 7kg 0.45G not smaller than 7kg 0.50G [700 rpn] Laundry wei ght
Threshold Okg to smaller than 2kg 0.60G 2kg to smaller than 4kg 0.65G
4kg to snmaller than 6kg 0.70G 6kg to smaller than 7kg 0. 75G not smal |l er
than 7kg 0.8G The drumtype washi ng nmachi ne accordi ng to the fourth

enbodi mrent may be nodifiged as sho in_Fi and 26. t he water
tanks 20 may be provi decf]e}h% Eg \%)‘]o%r hg Lj de of t e(i%rdJmS but al so
onthefront side of the drum3 as shown in F| b %atlvely t he

wat er tanks 20 may be prokd dB8 SH NS ¥ r bRETS ¢ gof the dFu 19 rat her than

on the rear side of the drum3 as shown in Fig. 26. 10 In Figs. 25 and 26,
the water tanks 20 provi dé@t615Mdhleke thamt 7§8de are of Phé pe descri bed
with reference

[500 rpm] Laundry weight Threshold
0kg to smaller than 2kg 0.30G
2kg to smaller than 4kg 0.35G
4kg to smaller than 6kg 0.40G
6kg to smaller than 7kg 0.45G

not smaller than 7kg 0.50G

[700 rpm] Laundry weight Threshold
Okg to smaller than 2kg 0.60G
2kg to smaller than 4kg 0.65G
4kg to smaller than 6kg 0.70G
6kg to smaller than 7kg 0.75G

not smaller than 7kg 0.8G

The drum-type washing machine according to the

fourth embodiment may be modified as shown in Figs. 25

and 26. That is, the water tanks 20 may be provided not

5  only on the rear side of the drum 3 but also on the front
side of the drum 3 as shown in Fig. 25.

Alternatively, the water tanks 20 may be provided

on the front side of the drum 3 rather than on the rear
side of the drum 3 as shown in Fig. 26.

10 In Figs. 25 and 26, the water tanks 20 provided



to Fig. 11 in the second enbodi nent and, therefore, do not require water
supply and discharge. In the first to third enbodi nents descri bed above, 5
the water tanks 20 nay be provided on6¢the front side of the drum rather
than on the rear side of the drum It should be understood that the present
invention is not limted to the enbodi nents descri bed above, but various
nodi fi cati ons may be nade within the scope. of 10 the present invention as
defined by the appended clainms. This application clains priority benefits

under the nvention an, the basis, of. Japane t . Appl i [ No.

2000- 11777 19 &d T FHES) 3§aen8§e§}&%tt it Cg’éf%%%n‘%‘r%l %g,gtffg%oe,
Japanese Patent Appli.cation No. 15 2000-282350 filed t.o the Japangse Patent
O fice ont®Sepfentier 118, F 0D CILFaf O%ﬁ?‘%ﬁ R&Sf’i cta}i%ﬁ%ﬁ&ee 0- 288626
filed to the Japanese Patent CIfige on gf tegber 22, 2000, and Japanese
Pat ent AgpPF cAEI%H 1. Wa5660-S39385Y A%k f CPRE Ffapanese Patent OFf ice on
Oct ober 20 24, 2000, and the disclosure of these four applications is

i ncor por at ed her éPnthy FeFekdmeéhigd efpadirepfgi fRacrded aRAMEhi ng
machi ne conprising: a drumwhich is rotated for washing and dehydrating

| aundPy rieeai Wedethdrsihs 0 ampyubal Py vdideqd it d-kRafbers src\A ¢Hd

the drum rather than on the rear side of the drum.

It should be understood that the present invention
is not limited to the embodiments described above, but
various modifications may be made within the scope of

10 the present invention as defined by the appended claims.

This application claims priority benefits under
the conventiononthebasis of Japanese Patent Application
No. 2000-117775 filed to the Japanese Patent Office on
April 19, 2000, Japanese Patent Application No.

15 2000-282350 filed to the Japanese Patent Office on
September 18, 2000, Japanese Patent Application No.
2000-288626 filed to the Japanese Patent Office on
September 22, 2000, and Japanese Patent Application No.
2000-323651 filed to the Japanese Patent Officeon October

20 24, 2000, and the disclosure of these four applications

is incorporated herein by reference.



circunferentially equidistantly about a rotation axis of the drum and
rotatable in synchronization wwth the drumto retain a liquid therein with
a centrifugal force; eccentric |oad dékecti ng neans for detecting a 10
magni tude and a position of an eccentric |oad occurring due to uneven

di stribution of the laundry in the drum conparing neans for conparing the
magni tude of the eccentric |oad detected by the eccentric | oad detecting
nmeans with a reference value; 15 liquid filling nmeans for filling the
liquid bstantially.evenl.y in the respective liquid chanbers; and liquid
dischargé%%% t%glfﬂﬁ%lﬁgghé' or tenporarily reducing a rotation speed gf

the drumon the _20 bqiis of the osigionjpf.the eccentric | oad detected by
the eccentric | ofd"@rettPnfa € st Rat* THe9fiquid is discharged froma

l'iquid chanber |ocated at, or adjacent . the position of th ccentric | oad
for reduction of aaﬁrvmﬂ?ﬂcam P%taﬁeer%ifr‘?.r ‘2355.”1@ ﬁﬁghﬁgﬁgyﬁﬁ@n'lﬁég as set
forth in claim1l1, wherein 63 the liquid discharge controlling neans

t enpor ar i } §undeducest he ottt ¢ A1 8peed of the drumto a level at which a

centrifugal force acting on the liquid retained in the |iquid chanbers is
smal | & than gra®i PLuBaBitX wshl hguaslc kit RersePFV¥EASFn claim 1 or 2,

circumferentially equidistantly about a rotation axis
of the drum and rotatable in synchronization with the
drum to retain a liquid therein with a centrifugal force;

eccentric load detecting means for detecting a

10 magnifude and a position of an eccentric load occurring

due to uneven distribution of the laundry in the drum;

comparing means for comparing themagnitude of the
eccentric lbad detected by the eccentric load detecting
means with a reference value;

15 liquid filling means for filling the liquid
substantially evenly in the respective liquid chambers;
and

ligquid discharge controlling means for
temporarily reducing a rotation speed of the drum on the

20 basis of the position of the eccentric load detected by
the eccentric load detecting means so that the liquid
is discharged froma liquid chamber located at or adjacent
the position of the eccentric load for reduction of a
liquid amount therein.

25 2. A washing machine as set forth inclaim 1, wherein



further conprising: liquid supplying nmeans for supplying the liquid into
the plurality of liquid chanbers in a non-contact manner, 10 wherein the
liquid filling nmeans fills the respedBive |iquid chanbers substantially
evenly with the 1liquid supplied fromthe liquid supplying neans with the
drum being rotated at a predeterm ned rotation speed. 4. A washing nmachine
as set forthinclaiml or 2, 15 wherein the plurality of |iquid chanbers
are provided by partitioning a seal ed annul ar container containing the

liquid therein.so.as to rmt the Liqui.d retained .in the.r ctive
liquid c%e?%qtu Cfm‘éljeS% i%et%%ntggmla%%%rmefﬁ%.t%{naﬁg irﬁé machi ne as
set forth in any of clai .1 to 4, in.the |iquid discharge fromthe
i qui d chra%‘éFesb*&LFhJéOfL’ggdiodl &ipsecer%\rg&g%&nflif 50 {iﬁga r’}E%Vnes,f agtnéff%tlﬁé‘

conpari son of the magnitude of the eccentric |oad with the reference val ue
by the cohsthplheaist 4o ¢ fealt BI2% " hf ek BR A A8 2ridtiferi b S nes. 64
6. A washing machine as set forth in claim5, wherein the liquid discharge
fromthe 1iguid ShamRerBy itthesT#ylrd tdiarhargd ‘dohtrol ling means is

intermttently effected when the drum assunmes a rotational position
corre§pontli ng 5 Rovelsd pogi npehigre tare teteheritd [igadcialBdadhotturdr of

further comprising:

ligquid supplying means for supplying the liquid
into the plurality of liquid chambers in a non-contact
manner,

10 wherein the liquid filling means fillslthe
respective liquid chambers substantially evenly with the
liquid supplied from the liquid supplying means with the
drum being rotated at a predetermined rotation speed.
4, A washing machine as set forth in claim 1 or 2,

15 wherein the plurality of liquid chambers are provided
by partitioning a sealed annular container containing
the liquid therein so as to permit the liquid retained
in the respective liquid chambers to move within the
container.

20 5. A washing machine as set forth in any of claims
ltod4, whereintheliquiddischarge fromtheliquidchamber
by the liquid discharge controlling means, and the
comparison of the magnitude of the eccentric load with
the reference value by the comparing means are repeated

25 a predetermined number of times.



the drum and a duration of the liquid discharge is set |onger for a
subsequent turn of the drumthan for a precedent turn of the drum 7. A
washi ng machine as set forth in claim® or 6, 10 further conprising a

di splay section for displaying an error sign if the magnitude of the
eccentric load is greater than the reference value after the liquid

di scharge from the liquid chanber by the liquid discharge controlling
nmeans and the conparison of the magnitude of the eccentric 15 |load with the

f | . i t. f i ned
rererencegval ue ngggﬁl Q;[Iﬁ%rd}ﬁgn BANSy & %of%?ﬁ’ﬁ%ﬁaﬂﬁ? Pr gelel,er m ne

nunber of tines. washi ng machi ne as set inany of clainse 1to

7, further. canprisi,ng; dehydratian vy Tea r._c [ the. 20
Fotati on SRS Y LERE. BF RECE TROTea2E o emudr ot s Poratt ad Lhude
stepwise to a plurality of dehydration .rotation.speed,!|level.s, erein the
conpar i ngéhﬁﬁFi?rc%?Tpfa?%ErPl’]ig AT§ a2 lﬁfl?%gr@clitg%‘??}:léyl Sggevﬁvg]%dt he
reference val ue whenever 25 the dehydration rotation speed is gchanged. 65
9. A washfR§neehiGFe Mé SSBME Bt ﬁofcﬁt&%ﬁ?‘rf@,o%@rQPrFO’gFFﬁé’roélrﬂclrﬂ%f erence
val ues are defined as the reference value for the respective dehydration

rotat ifon kpe&de RaElI k105 pf W easRCAE athi heads dbtedeht FUr d5im 8 or
91
the drum, and a duration of the liquid discharge is set

longer for a subsequent turn of the drum than for a
precedent turn of the drum.
7. A washing machine as set forth in claim 5 or 6,
10 further comprising a display section for displaying an
errorsignifthemagnitudeoftheeccentricloadisgreater
than the reference value after the liquid discharge from
the liquid chamber by the liquid discharge controlling
means and the comparison of the magnitude of the eccentric
15 load with the reference value by the comparing means are
repeated the predetermined number of times.
8. A washing machine as set forth in any of claims
1 to 7, further comprising:
dehydration driving means for changing the
20 rotation speed of the drum to increase a dehydration
rotation speed stepwise to a plurality of dehydration
rotation speed levels,
wherein the comparingmeans compares the magnitude
of the eccentric load with the reference value whenever

25 the dehydration rotation speed is changed.



wherein the dehydration driving means changes the dehydration rotation
speed to four dehydration rotation speed |evels including about 1/3, about
1/2 and about 2/3 of a final dehydratdson rotation speed, and the final 10
dehydration rotation speed for the stepw se increase of the dehydration
rotation speed. 11. A washing nmachine as set forth in any of clains 1 to
10, further conprising prelimnary dehydration driving neans for rotating
the drumat a prelimnary 15 dehydration rotation speed for prelimnary

dehydration prigr to.the canparison_ of t nitude .of 4 h centric
load with the refel 858 VAMGETHY T IS &6 ra%%lr%gr%enaﬁg.aﬂﬂf’ S{h\%grs ing
machi ne as, set forth ip any of clains 1t 1, furth conprising: 20
second cﬁbﬁsﬁﬁg%aﬁp%?%&&nﬁ&#ﬁ?f the® rfgeg#r?ﬁgeasogﬁfeh@gg&reerﬂ%c | oad
detected by _the eccentric load  detecting neans with a _second reference

val ue; an‘ﬂa@ﬁalféh‘i:iEﬁern?ér?é)?%\?lf’@nﬁc?r}?i?‘iiﬂ}tllé’ﬁhc‘?‘?@a’fﬁ@n &t fon speed
of the drumto a |level at which the 25 centrifugal force acting on the

| aundry ike$falSl-er than 66 the gravity froma level at which the
centrifugal force acting on the laundry is greater than the gravity at a
ti me Poi ntOaccor @i mp 3ol naempediitionz of Selie fodddnt ¥R cclpdad detecied by the
eccentric | oad detecting neans on 5 the basis of a conparison result

provi ded wyetrkénsetlvaddehydration driving means changes the

dehydration rotation speed to four dehydration rotation
_speed levels including about 1/3, about 1/2 and about
2/3 of a final dehydration rotation speed, and the final

10 dehydration rotation speed for the stepwise increase of
the dehydration rotation speed.

11. A washing machine as set forth in any of claims
1 to 10, further comprising preliminary dehydration
driving means for rotating the drum at a preliminary

15 dehydration rotation speed for preliminary dehydration
prior to the comparison of the magnitude of the eccentric
load with the reference value by the comparing means.
12. A washing machine as set forth in ény of claims
1 to 11, further comprising:

20 second comparing means for comparing the magnitude
of the eccentric load detected by the eccentric load
detecting means with a second reference value; and

G-balancing means for temporarily reducing the
rotation speed of the drum to a level at which the

25 centrifugal force acting on the laundry is smaller than



conparing neans. 13. A washing machine as set forth in claim12, wherein
the conparison of the magni tude of the eccentric load wth the second

ref erence val ue by the second conparimrg 10 nmeans precedes the conparison of
t he magni tude of the eccentric load with the reference value by the
conparing neans. 14. A washing nmachine as set forth in claim 12, wherein
the conparison of the magni tude of the eccentric load 15 with the second
ref erence val ue by the second conparing means precedes the prelimnary

dehydration by the prelimnary dehydratjon driving nmeans. 1 .éA washi ng
machi ne adsM@e¥TRELLY itF AUhy? ofC€R ai Ak w&lFB'be\ﬁ%QEﬁthﬁéqe<9§ﬁ§ic | oad
detecting neans detects . 20 an angul ar position of the eccentric |oad
exerted cAcEhBddedmtdife YRUDAE YudevdT ¥R EBFi bEGToF ThaVESWhdY dn  the
basis of a fluctuation of an acceleration or a weight exerted on a support
portion ofimReP@riirh cReCPs HHW rio? akhen PTl EhendPdmtys a6ceRbaishi ng
machine as set forth in any of clainms 67 1 to 14, wherein the eccentric
| oad det ebeddgdpsams ekdtlert Shet ke cargul B¢ posidt ettt the BE@d# A | oad
exerted on the drumdue to the uneven distribution of the laundry on the
basi s 5of thélligsuat bdnaot captaor geiencueserdit ofr v bdadt by Wwhiech ecotrat es t he
drum
comparing means.
13. A washing machine as set forthinclaim1l2, wherein
the comparison of the magnitude of the eccentric load
with the second reference value by the second comparing
10 means precedes the comparison of the magnitude of the
eccentric load with the reference value by the comparing
means.
14. A washingmachine as set forthinclaim12, wherein
the comparison of the magnitude of the eccentric load
15 with the second reference value by the second comparing
means precedes the preliminary dehydration by the
preliminary dehydration driving means.
15. A washing machine as set forth in any of claims
l1tol4, whereintheeccentricloaddetectingmeans detects
20 an angular position of the eccentric load exerted on the
drum due to the uneven distribution of the laundry on
the basis of a fluctuation of an acceleration or a weight
exerted on a support portionof thedrumdue totherotation

of the drum.

25 16. A washing machine as set forth in any of claims



17. A washing machine as set forth in any of clains 1 to 16, wherein the

| i qui d chanbers each have an opening which opens toward a rotation center,
and are constructed so that, when theildrumis rotated at a rotation speed
10 not lower than a predetermned level, the liquidis retained in the

i quid chanbers by a centrifugal force generatedby the rotation of the
drum and, when the rotation speed of the drumis |ower than the

predetermned level, the liquid is spilled dowmn fromthe |iquid chanbers
in 15 accordance with a change in rotational, phase. of the dru 18. A
washi ng maéhi :h%' é@%%?lpd%r}f%%icﬁeé}% Wfﬂa%gr%eq %tl?ﬁé“qafrdflfj&@c%ca%er s are

provided by equidistantly  partitioning the annuyl ar. contai ner e%on a
directiontBe apwe1ka¥ aPPsi HhPRd BEutAS t§F0FRpARS ti VM pPifedeDPTg. A
washi ng machine as set forth in claim17 or 18, wherein the plurality of
li quid chibhbefs udr duachopkbei daE Vel thliatsdpartaioBnofl &Pe dAHIFRY about
1/2 to about 2/3 of the opening, and the separation plate covers a forward
portion ofnthbeopariing afth féspdatatbonhe fdiar &y dneof UZF e ¥Htati on of
the liquid chanbers which rotate together 68 w th the drum 20. A washing
machi Pe asosetr fudridhi modladi e 19hewtsrain the separation plate is inclined
downward toward an edge thereof which faces the opening to guide the
liquid intd. 5 t ke Wdsjuidgchambern¢ hasugktt Hompeningany of claims
1 to 16, wherein the liquid chambers each have an opening
which opens toward a rotation center, and are constructed
so that, when the drum is rotated at a rotation speed
10 not lower than a predetermined level, the liquid is
retained in the liquid chambers by a centrifugal force
generatedbytherotationof thedrumand, whentherotation
speed of the drum is lower than the predetermined level,
the liquid is spilled down from the liquid chambers in
15 accordance with a change in rotational phase of the drum.
18. A washing machine as set forth inclaim1l7, wherein
the liquid chambers are provided by equidistantly
partitioning the annular container along a direction of
the rotation by a plurality of partition plates.
20 19. A washing machine as set forth in claim 17 or 18,
wherein thepluralityof liquid chambers are eachprovided
with a separation plate covering about 1/2 to about 2/3
of the opening, and the separation plate covers a forward

portion of the opening with respect to the direction of

25 theretationcﬂftheliquidchamberswhichrotatetogether



21. A washing nmachine as set forth in any of claims 17 to 20, wherein a
| iquid supply port for supplying the liquid into the |iquid chanbers is
provi ded below the rotation axis. 10 €82. A washing machine as set forth in
any of clains 17 to 21, wherein the liquid chanbers are provided on a
rear side of the drum 23. A washing machine as set forth in any of clains
17 to 21, wherein the liquid chanbers are provided on 15 a front side of
the drum 24. A washing machine as set forth in claim?22 or 23, wherein
t he quuid,cgag§$rs are arranged with bottons thereof being offset from
the innerV¢fPcimt®er@htfal - surface of the drumtoward the center of the
drum 20 25. A washing nachine as set forth in any of.clains,_ 1 tpo 24,
wher ei n tB8-r ot afi BASELNT BBGH WhidchS e BFG%l?sc]r%{I&t]g%’ MRS ned at
an angle of not greater than 30 degrees with respect to a horizontal |ine.
26. A washhAgs AReHiatel @B B L eol s H iRl EPgichioy Nt 13228 3R W Em has a
cl osed back and a front opening for |oading 69 therein_and unloading
t her ef r onf he dcdfumdrich afrmceﬁethewa@péﬁlga%%gpéd%@h%édOsbl@ hett®he front
opening of the drumis directed diagonally upward. 27. A control method
for a drutheype qwashi nd amdodit nehrd ugdyi blge aoemhavhi ch is rotated for
washi ng and dehydrati ng

21. A washing machine as set forth in any of claims

17 to 20, wherein a liquid supply port for supplying the
liquid into the liquid chambers is provided below the
rotation axis.

10 22. A washing machine as set forth in any of claims
17 to 21, wherein the liquid chambers are provided on
a rear side of the drum.

23. A washing machine as set forth in any of claims
17 to 21, wherein the liquid chambers are provided on

15 a front side of the drum.

24, A washing machine as set forth in claim 22 or.23,
wherein the liquid chambers are arranged with bottoms
thereof being offset from the inner circumferential
surface of the drum toward the center of the drum.

20 25. A washing machine as set forth in any of claims
1 to 24, wherein the rotation axis about which the drum
is rotated is inclined at an angle of not greater than
30 degrees with respect to a horizontal line.

26. A washingmachine as set forth inclaim 25, wherein

25 the drum has a closed back and a front opening for loading



| aundry retained therein, and a plurality of liquid chanbers provided
circunferentially equidistantly about a rotation axis of the drum and
rotatable in synchronization with thesdrum the |iquid chanbers each 10
havi ng an openi ng whi ch opens toward a rotation center and being
constructed so that, when the drumis rotated at a rotation speed not
| ower than a predetermned level, a liquidis retained inthe liquid
chanbers by a centrifugal force generated by the rotation of the drum and,
when 15 the raotation sgﬁed f th t han .t he et erm ned

I

drumis_| r prQﬂ
level , theRFFGd™ 323 sPri H%%n%Pﬁﬁ§%$%p %ﬁ%ﬂ%?%%aﬁgérfq %8&or dance
wth a change i.n rotational @ phase of the drum tggrdrun1type washi ng
machi ne cHAtASH OThethb8 ¢8mpRicsi MEEheOstBas dhe 2br pRFf BPRG A Pt qui d
filling operation to fill the liquid in the respective |iquid chanbers
whi | e rotaREngruthel dr dAr&C e d ofARIINT SheEdURME T®wer than the
predeterm ned | evel; and perfornin% a Iiguid di schargi ng operation to spil
25 the |iguid sePectinelgl freifpRe Ioirga dreanbere Washd npomacd ¥xdicel an
eccentric load occurring due to uneven distribution of the |aundry
ret ai ded havtibhg drdumbywh reluc ng tiehies @ doat Wons hdperdngf deheddratmne | ower
than the predetermned |level at a predetermned tinme point 5 for a short
tinme. laundry retained therein, and a plurality of liquid
chambers provided circumferentially equidistantly about
a rotation axis of the drum and rotatable in
synchronization with the drum, the liquid chambers each
10 having an opening which opens toward a rotation center
and being constructed so that, when the drum is rotated
at a rotation speed not lower than a predetermined level,
aliquidisretaiﬁedintheliquidchambersbyacentrifugal
force generated by the rotation of the drum and, when
15 the rotation speed of the drum is lower than the
predetermined level, the liquid is spilled down from the
liquid chambers in accordance with a change in rotational
phase of the drum, the drum-type washing machine control
method comprising the steps of:
20 performing a liquid filling operation to fill the
liguid in the respective liquid chambers while rotating
the drum at a rotation speed not lower than the
predetermined level; and

performing aliquiddischarging operationtospill

25 the liquid selectively from the liquid chambers so as



28. A drumtype washing machi ne control nethod as set forth in claim 27,
further conprising the step of: performng a conparing operation to
conpare a magnitude of the eccentric t®ad exerted on the drum when 10 the
drumis rotated at a predeterm ned rotation speed wth a predeterm ned
reference value, wherein the liquid discharging step is perforned on the
basis of a result provided in the conparing step. 29. A drumtype washing
machi ne control nethod as set 15 forth in claim27 or 28, wherein the

l'iquid dischargingb step and the conparing step are repeated a_
pr edet er iqedanAgrbam o CERRES I B0l 0 AddPGRUILIER fashiend Trathf hE cont r ol
method as set forth in claim?29, wherein a duration of the liguid 20
di schar gidnigs st @puits cgeto f ohher Yaoindr gubsedquieredt tin tde tHeuBr B than for a
precedent turn of the drum 31. A drumtype washi ng machi ne control method
as set furdhcingamheofrotati®mn2®poed0p fnwidreidr¢hetpotl@ieon tRpRed of the
drumis increased stepwise to a plurality 25 of dehydration rotation speed
| evel s, aitktheedenpamigedl lesteelp as pepfredeer: foinedcHt igfe theldéhydrati on
rotation speed |levels. 32. A drumtype washing machi ne control nethod as
set Bortdpi ngaBnoaft ct awgs 27 to 31, further conprising the 5 step of
performng a prelimnary dehydration operation
28, A drum-type washing machine control method as set
forth in claim 27, further comprising the step of:
performing a comparing operation to compare a
magnitude of the eccentric load exerted on the drum when
10 the drum is rotated at a predetermined rotation speed
with a predetermined reference value,
wherein the liquid discharging step is performed
on the basis of a result provided in the comparing step.
29. A drum-type washing machine control method as set
15 forth in claim 27 or 28, wherein the liquid discharging
step and the comparing step are repeated a predetermined
number of times.
30. A drum-type washing machine control method as set
forth in claim 29, wherein a duration of the liquid
20 discharging step is set longer for a subsequent turn of
the drum than for a precedent turn of the drum.
31. A drum-type washing machine control method as set
forth in any of claims 27 to 30, wherein the rotation

speed of the drum is increased stepwise to a plurality

25 of dehydration rotation speed levels, and the comparing



by rotating the drumat a. prelimnary dehydration rotation speed prior to
the conparing step. 33. A drumtype washing nachine control nethod as set
forth in any of clainms 27 to 32, further conprising the 10 steps of:
perform ng a second conparing operation to conpare the magnitude of the
eccentric |load exerted on the drum when the drumis rotated at the
predeterm ned rotation speed wth a second reference value; and 15
perform ng a speed reducing operation to tenporarily reduce the rotation

speed of the drumto a level at which the centrifugal, force acting on the
| aundry ?EegnhﬁlBFﬁﬁ%ﬁﬂﬁgagPFyeﬁﬁﬂn%gIgg%ldEE%ﬂﬁ% ?%er053%ﬁ9£ugm
force acting on_the laundry is greater than 20 the gravity at a tinme point

accordi nFR9e@ P63181dn of the eccentric load on the basis of a result

provided in the second conparing step.
32. A drum-type washing machine control method as set

~forth in any of claims 27 to 31, further comprising the
5 step of performing a preliminary dehydration operation
by rotating thedrumat apreliminary dehydrationrotation
speed prior to the comparing step.
33. A drum-type washing machine control method as set
forth in any of claims 27 to 32, further comprising the
10 steps of:
performingasecondcomparingoperationtocompare
the magnitude of the eccentric load exerted on the drum
when the drum is rotated at the predetermined rotation
speed with a second reference value; and
15 performing a speed reducing operation to
temporafily reduce the rotation speed of the drum to a
level at which the centrifugal force acting on the laundry
is smallef than gravity from a level at which the
centrifugal force acting on the laundry is greater than
20 the gravity at a time point according to a position of
the eccentric load on the basis of a result provided in

the second comparing step.



