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1 DRUM TYPE WASHING MACHINE FIELD OF THE INVENTION The
present invention relates to a drum type washing machine 5 including a
rotary drum rotatable about a rotary axis slanting or extending
horizontally. BACKGROUND OF THE INVENTION Fig. 7 is a cross
sectional view of a conventional drum type washing 10 machine 501. The
conventional drum type washing machine 501 including a housing 506
having a loading/unloading opening provided therein, a washtub 503
elastically supported Wikt 3 AtPHbGHoRLEHRMP T
accommodated in the housing 506, a motor 505 mounted onto a rear side
of the washtub 506, a rotary drum 502 accommodated in the washtub

Shﬁﬁﬁﬁ%@qWENWWhe housing 506 for opening and closing

ading/unloading opening, and an elastic sealing member 541 .
mountetiat {hedeadinglienicadingebperint inethdmousiygS0 aphing machine
washtub 503, the rotary drum 502, and the motor 505 are 1%ss,temble“d <tendin
tolyetheliag faratar WasHE iRt s, R A AR RO P RAS S fot of g
a erturest%ﬁ)vided 20 therein. The washtub 503 communicates at the

|

o] rilr%g(;)r\l/v he loading/unloading opening in the housing 506. The

rotary drum 502 has an opening provided therein for communicating with

the loading/unloading opening of the housing 506 and the opening of the
w&h@K@B@ﬁN@r@tﬁr’i]Hﬁ&% BENIEIGNen by the motor 505 for rotating
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loggedinto ap¢ unigades fans dhe retam diys RQ2hiisgtheoheningaf thduding
washtub 403 and the opening of 2 the rotary drum 502. The elastic .
sealing menhe0B4bisimade dbafdstifunloading opening provided therein, a
washtub 503 elastically supported with an anti-vibration damper 570 and
accommodated in the housing 506, a motér 505 mounted onto a rear side of
the washtub 506, a rotary drum 502 accommodated in the washtub 503, a
door 509 mounted to the housing 506 for opening and closing the
loading/unloading opening, and an elastic sealing member 541 mounted at
the loading/unloading opening in the housing 506. The washtub 503, the
rotary drum 502, and the motor 505 are .assembled together to form a
washtub unit 507. The rotary drum 502 has a lot of apertures provided
therein. The washtub 503 communicates at the opening. with the
loading/unloading opening in the housing 506. The rotary drum 502 has an
opening provided‘ therein for communicating with the loading/unloading
opening of the housing 506 and the opening of the washtub 503. The rotary
drum 502 is driven by the motor 505 for rotating about a rotary axis B02A
which slants or extends horizontally from the opening to the rear side.

Upon the door 509 being opened, a laundry is loaded into and unloaded from

the rotary drum 502 via the opening of the washtub 403 and the opening of



material, such as rubber, for sealing between the door 509 and the
washtub 503 at the opening upon being compressed between the
washtub 503 and the door 509. 5 Since the rotary drum 502 is extended
horizontally or slants, the laundry and water is biased at a bottom of the
drum when the drum is stopped. At this,moment, upon the rotary drum
502 starting rotating, the laundry and water biased at the bottom may
often produce vibration. After a washing process or a rinsing process is

ﬁ@i?@%%téq]?e' i rs6oNtajng, 19 Jogre i a1sestain Alpeuntof wakes @ndfselastic

biased at t om of the rotary drum 502. Then, upon rotating at a high
speethioslreroking thé weatdofromlihe heumdyratie dbwatedfhg piodeseashtub

thg rotary drum 502 may start vibrating and_cause the washtup 5
st as HA SRRV YRET RSSO IET $hE P&&Yﬁ%‘}&ﬂeéﬁ%ﬁ%ﬁ%&%ém the

ege%siv%vibration. This vibration 15 may produce abnormal vibration and

nSig& on the washing machine 501 In the dewatering process, the rotary

5 drum 5@2.spingat a-speediwithinseowidegangrifibnhacilowtspeeditosbants, the
high speed. When the laundry is unbalanced along the rotary axis 502A,
thiarotdry droch $02emay defhset @&@égimwdeéé%@iﬁwﬁ R Fotaltion drum is

speed, accordingly striking against the 20 washtub 50 ing.
e RS IR MR AR

of {he,Jrum, AlPRg, i retary axisiRORAthE relansfdrm b0acmasbaefleat  After

greater than the case that the laundry is biased towards a rear portion of
the dkunshih gomventional druimsype westarny mabhinbadisdbecdmndy contains

JP2006-311884A includes a vipration seré?or for de ectia(lg c&)?rl]%pone?talof

10 théboRsaYiSr 6F i IELHED S0% Al6hG BT NPIREAIOHE TkES e rotary
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held, by themaiorb0b. dewatering process, the rotary drum 502 may start
vibrating and cause the washtub 503 fixedly conneéted via the motor 505
with the rotary drum 502 to produce excessive vibration. This vibration

15  may produce abnormal vibration and noise on the washing machine 501
In the dewatering process, the rotary drum 502 spins at a speed within
a wide range from a low speed to a high speed. When the laundry is
unbalanced along the rotary axis 502A, the rotary drum 502 may deflect
excessively depending on the rotation speed, accordingly striking against the
90 washtub 502 and producing noise. Particularly in the case that the laundry
is biased at a front portion of the drum along the rotary axis H02A, the rotary
drum 502 may deflect greater than the case that the laundry is biased

towards a rear portion of the drum.

A conventional drum type washing machine disclosed 1n
a5 JP2006-311884A includes a vibration sensor for detecting components of the

vibration of the washtub 503 along different directions. When the laundry

is excessively unbalanced, the rotary drum 502 vibrates so that the axis 502A
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This washing machine detects the position of the laundry having a large
weight according to the detected components of vibration, and determines
whether the laundry is biased towards the front and unbalanced in the 5
rotary drum 502. In the washing machine 501, the frequency of the
vibration of the rotary drum 502 varies ‘lepending on the weight of the
rotary drum 502 including the laundry and the position of the laundry. If
the frequency of the vibration of the rotary drum 502 is close to a

résarmnt fstusmipasiehe IEiRaLIRAPSOBIHIS WASHISE Bt 507 Hhagnoter 200
e A h TG felases TR RIS JIOPROLRIRSD TIRVHE o laree

Nng process,” the rinsing, process, and the

d%@éﬁl@ Ng.RIAGESS td hRIMAIEI L8 dhe shastiassephiigraemaber ddsermines

relatively rigid in order to produce a sealing pressure enough to be

prelietited frben lexcebsivis dompréseiomidintitsit v ivated MnBpdpasedyin the
the splash frorrlgassing between the elastic sealing member 541 and the
dé@?%@'@éﬂﬁh@ he washing process, the rinsing process, or the

dewate i”%gg‘)%%%mgim%@iﬁée%@ﬁr Ay Gaysedhe Vibiionietiien of the

Wash_tu 506 to propagate via the elastic sealing member 541 to the
haysing 806rarshid catise thebodRingd06ite wiate. ifthbdrecuenicgaim 502

the 20 vibration is close to the resonant frequency of the hoysing 506, the
nonsligi O8I JaUBASTaAGE AR AF SHBETS R BFatiln dFpiE-a uency of

washtub unjt 507. In this case, the copventional dr washi
i e B

unpalanes of the {aungnsHitheuratanodrum b02vvhichdargelivalfeetsd produce
other components. 25 SUMMARY OF THE INVENTION A drum type

washing m¥ehimedingsdespladusiiy, havrsstuee dritging tbn e yocess,

the_housing, a damper for elasticall [ . .
the rinsi%g, proce%s, and the dew t%lil'ﬁ?go gjlcr(])getshs? The material of the elastic

sealing member 541 is relatively rigid in order to produce a sealing pressure
enough to be prevented from excessive compression to inhibit the water
drops and the splash from passing between the elastic sealing member 541
and the door 509 during the washing process, the rinsing process, or the
dewatering process. This rigid member may cause the vibration of the
washiub 506 to propagate via the elastic sealing member 541 to the housing
506 and to cause the housing 506 to vibrate. If the frequency of the
vibration is close to the resonant frequency of the housing 506, the housing
506 produces large vibration and affects the vibration of the washtub unit
507. In this case, the conventional drum type washing machine 501 shown
in Fig. 7 may not determine accurately the unbalance of the laundry in the

rotary drum 502 which largely affects other components.

SUMMARY OF THE INVENTION

A drum type washing machine includes a housing, a washtub unit
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washtub at a supporting position, a vibration sensor for detecting a

vibration of the washtub. The washtub unit includes a washtub having an
opening therein, a rotary drum accommodated in the washtub, and a

motor fixed to a 5 bottom of the washtub and joined to a bottom of the

rotary drum for rotating the rotary drum about a rotary axis. The rotary

drum is adapted to accommodate a laundry. The supporting position and

a center of gravity of the washtub unit approximate to the motor from a
centenpladetwhich pissemwenter clampwiasisbrdionien sapporting the
perpendicular to the rotary axjs. The 10 supporting position is distance .
RO thE RO EBAG e LR AT D e gy bration

e cente

GIAVIEY (G H\?u‘ﬂb rafinn SenSeLRUIRLS Acddnsle signahane.p $pcand signalening

corresponding to a component of vibration of a portion of the washtub
altpgeadfirstdirastionand acompdaent of tttee vibritioh aodgpanseisarieked to a

direction perpendicular to the first direction, 15 rg§£ectively. T(re ortion
Falgg

the Wrsrebibhs Permsah aRddemer JRACEFIR bl ahd &h ﬁwoé%;tmg

of the washtub. A controller determines,. pas n.. irs c
s%%lléeg%]tﬁug from tT%O% r%tig!%?%&ns%%%hﬁhg} c:;fa?l%ﬁg’rtr(?ﬁ%% r?%ry%]%qmed w
distrihuiad dadbe iet@aterunTin.astppsinhalpoeriimwhidh thevaundryrisvity of
biased from the center plane towards the opening of the rotary 20 drum,
anidewiethbnlorndt Ape tasaAFGS el PORATATE FofSRFd BT &7 gl passes

unbalance ip which the laundyy is biased from the center
the %&YS%OEF\K’F&F&SI;W@ r&ﬁw‘i Jﬁ?‘é C&ﬁ%t%%eeﬁ%g r‘?%é ?ﬁ)a%fﬁrk%%gl \r%ygt:%%t"o The
d%%&%m&&&&& laundeyneveneviepthreaunskyisRiasede thehorizontal

rotary drumtowards a 25 bottom of the rotary drum. BRIEF
DESERIPTIEN ORTHERRAMINGS &.FifHeisihurtes seosonamipwiof first

a drum type washing machine according to an exemplarg embogim nt of
th@@?@%é‘fﬁdm%e?%ﬁd signal corresponding to a component ol vibration of a

portion of the washtub along a first direction and a component of the
vibration along a second direction perpendicular to the first direction,
respectively. The portion of the washtub is between the center plane of the
washtub and the opening of the washtub. A controller determines, based on
the first and second signals output from the vibration sensor, whether or not
the laundry is distributed in the rotary drum in a front unbalance in which
the laundry is biased from the center plane towards the opening of the rotary
drum, and whether or not the laundry is distributed in the rotary drum 1n a
rear unbalance in which the laundry is biased from the center plane towards
the bottom of the rotary drum.

The drum type washing machine enables to detect unbalance of a
laundry even when the laundry is biased in the rotary drum towards a

bottom of the rotary drum.

BRIEF DESCRIPTION OF THE DRAWINGS
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Fig. 2 is a circuit block diagram of the drum type washing machine
according to the embodiment. 5 Figs. 3A to 3C illustrate profiles of
vibration of a washtub of the drum type washing machine according to the
embodiment. Fig. 4 is a profile of an amplitude of vibration of the drum
type washing machine according to the,embodiment. Fig. 5 is a profile of
the vibration of the drum type washing machine 10 according to the
embodiment. Figs. 6A and 6B are flowcharts illustrating an operation of

the drugm, type;washipgmachinsaccaing totherembagiaent ffith g imachine
cross sectional view of a conventional drum type washing machine. 15
DETAL RESCRIPTHON OF PREFERRED EMBSDDIMENTER1Ys a

cross sectional view of a drum type washing machine 1. according to an ., .
exemplai§ &nﬁoﬂiﬂéﬁ%f{fx‘édﬁr %Fﬂ/@ﬁt%ﬁﬁ. gﬁ%mwg%%nvéar%%%fﬁng%cmm
include é]f;% '@%glgggiﬁl%htub unit 7 installed in 20 the housing 6.

T g:\(/)vra&ﬁl Lljt?r]!it 7 Includes a washtub 3, a rotary drum 2 accommodated

in the viEisbiup\X cadee diing 68 dixedib thef wishittibi8 phradvee sihiotbrd fixedrum
to the washtub 3. The motor 5 is connected via a rotary shaft 2B with the

rotapy thashi2 foresthinf R retas tarths sabetrasRtary axis 2A. The
rotary Shat 2813 SRRRIEd R B RERAING O3 T IOIRMON AR 03P Ahing
side wall 8E alﬁ(f‘éjﬁ%ti%rﬁ Zal'—nj%ﬁ%l tto t%e rotale shaft 2B to face trfg ‘
maiQEBinkhe sideiwal 2B efihgsataiyndrum 2 has a cylindrical shape
extending along the rotary axis 2A The side wall 2E has a lot of apertures
6 2G plvidedsieminfiEnefrbtary braiion risthh G5ERING PE Bswty machine
therein gpposite to th b8ttom EF. The opening 2C opens towards a front
ofaccordmg to the embodiment.

Figs. 6A and 6B are flowcharts illustrating an operation of the drum

type washing machine according to the embodiment.
Fig. 7 is a cross sectional view of a conventional drum type washing

machine.

DETAIL DESCRIPTION OF PREFERRED EMBODIMENT

Fig. 1 is a cross sectional view of a drum type washing machine 1
according to an exemplary embodiment of the present invention. The
washing machine 1 includes a housing 6 and a washtub unit 7 installed in
the housing 6. The washtub unit 7 includes a washtub 3, a rotary drum 2
sccommodated in the washtub 3, a bearing 68 fixed to the washtub 3, and a
motor 5 fixed to the washtub 3. The motor 5 is connected via a rotary shaft
9B with the rotary drum 2 for rotating the rotary drum 2 about a rotary axis
2A. The rotary shaft 2B is supported by the bearing 68. The rotary drum
9 has a side wall 2B and a bottom 2F joined to the rotary shaft 2B to face the
motor 5. The side wall 2E of the rotary drum 2 has a cylindrical shape

extending along the rotary axis 2A  The side wall 2E has a lot of apertures



the hpusing 6 and is located on the rotary axis 2A. The washtub 3 has an
opening 3C provided therein. The opening 3C opens towards the front of 5

the housing 6 and is located on the rotary axis 2A. The housing 6 has a
loading/unloading opening 6C provided therein. The opening 6C opens
towards the front and is located on the fotary axis 2A for loading and
unloading a laundry to be washed in the rotary drum 2. The opening 2C,

the opening 3C, and the loading/unloading opening 6C communicate with.
19@?%9%@@&%é9§iﬁqtar’me<i&&éﬂ hirfgtary axis 24 stantsidewi@asdbyided
from the opening 2C to the bottom 2F of the rotary drum 2. The rotary axis

2 Meirexpenciforiz tntatiytthive Wastlls SisayEstde WaR SEogRdp & front of

bottom 3F facing the side wall 2E gnd the bottom 2F of the ro
redysebavelpeThambénhing Bed P thERdSHtiy §}%ﬁo§é%ﬂe oﬁp%}g%%%tlh@eﬁas an

15 bottom 3k 368 1he& MAtaLS5 apddhe beating 68 paxingdaraeiweightsont of
ardjocated af ﬁ_?e gttom 3F of the washtub Sg]the cgnter Gl of gravilgqof(m ’
5 theyRshtakUpihRdsilotatadedase tharearsidesr e mElor Byutastahas 2

the center Cl of the washtub unit 7, hence making the washtub unit 7
unlstables/MHeadbEhtOBUHRY @rcth%rﬁﬁgﬁﬁﬁ%e?ée%pp%d OmEnge 6¢ opens
anti-vibration 2Q. damper

p&&ﬁ&ﬁ 7*he rontsﬁgffq aﬁ&gggf%ﬁinglgoﬁt{gpr&X{Ehgﬁuggpowmng and

_ Pposite to the motor 5 about the center Gl of gravity
along.a ieizentalndiFectionel iablere padiculanyrthésuppbrtiithpositome 2C,
Qlis dlstanped farther along the horizontal direction 1H from the motor 5 .
thahdhep eaiter3G.1 i Griivityl e mediapRR 7 1ORBIEVIARH KRTEMRIgate With
support fitting 75 25 fixed to an upper side of the washt .
10 SO BERDGEITS 7 T T o (R a3y e ardly

) . ub 3)
to‘?ﬁ%rr%stﬁedé GHOR ORPRS ite 49, dhemoton by i Gl SRIBEAR2 25 pividedary axis

ir
below the sugportlng position Q1 of 7 the anti-vibration damper 70 and
between fhateal bickakthdwashiubwmih Tbridthe reidsivalbfihand a bottom
housing 6. The coil spring 72 protects the
3F facing the side wall 2E and the bottom 2F of the rotary drum 2,
respectively. The opening 3C in the washtub 3 is located opposite to the
15  bottom SF. Since the motor 5 and the bearing 68 having large weights are
located at the bottom 3F of the washtub 3, the center G1 of gravity of the
washtub unit 7 is located close to a rear side or the motor 5 but not at the
center C1 of the washtub unit 7, hence making the washtub unit 7 unstable.
The washtub unit 7 or the washtub 3 is supported with an anti-vibration
90  damper 70 at a supporting position Q1. The supporting position Q1 is
opposite to the motor 5 about the center G1 of gravity along a horizontal
direction 1H. More particularly, the supporting position Q1 1s distanced
farther along the horizontal direction 1H from the motor 5 than the center
G1 of gravity is. A coil spring 71 Is provided between a support fitting 75
95 fixed to an upper side of the washtub 3 and an upper side of the housing 6 for

urging the washtab umt 7 (the washtub 3} towards a direction opposite to

the motor 5. A coil spring 72 is provided below the supporting position Q1 of
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washtub unit 7 from inclining to the rear side towards the motor 5. Thus,

the washtub unit 7 is supported with a high anti-vibration capability with 5

the anti-vibration damper 70 and the coil springs 71 and 72. A center

plane Si extending perpendicularly to the rotary axis 2A and passing on

th_e center Cl of the washtub (the washfub unit 7) is defined. Along a

dlre_ction 2H in which the rotary axis 2A extends, each of the supporting
position QI of the anti-vibration damper 70 and the center of gravity Gl is

o a‘%%ﬁﬁ%?{ﬁr%%ﬁ%{m&s’e%@!%ﬂ .48 4notas SdhanithegantekplsnaBiunit
is. That s, the supporting position QI and the center Gl of gravity of the
WASHYUD tlait % aappidximiaténto Hewsmotos frdiethoitememslaié SroRfeA the

passes the center C1 of the washtub 3 and which is pe dicular to.th
rovashaxhs oS ThgomsiAdBIPE KRB AGHE éP‘ﬁ%ﬁig o mger D Thus,

supportin hsl sition Qi.is 15 gre ist . 1 -
. it SRIGT (han the distange L2 between thBility with
C ﬁgeyvﬁsa%e f}‘arllr%d h]_iesicseu 1%?01‘ gravity GI.%&mg the horizontal (IjgirelctiignWl
iHLthe sURReriNG PaskigR Qf (Fanatincatétxeanyardlbeydrd thé\center plane
Gl of gravity, that is, between the center Gl of gravity and the motor 5.

%\]e center

HSWgu&pdis&ppmﬂdfg:pbﬁﬂﬁé ﬁ?@h@ senteRriosd 10 hRASEHEB)
gﬁﬁg@ﬁ”&%ﬁ&gfﬁ@%@%ﬁ% ﬁ%@'_’?i?shge%&e%‘.‘p%&?&”& YP5RtoR 2H in

uni vibration sensor 20 is located

at g position 3G.0n the.washiuh 3hetwern thenopeningtat;anditien Q1 of the

center pla_n_e Si of the washtub 3 for detecting components of the vibration
at thei pabitiei 3Glatopgrdifféremdditbetiorst efeathciiar foledthietnkad more

25 A door 9 is provided at the loading/unlogding opening 6C.in th .
howsing 261 Ak ErisictedimEP RSB AT i@“ﬁrg‘%}ﬁf%‘a P %CS?lS'e That is, the
loading/unloading. opeaing 8¢ of the.hausing §¢ Whentherdeer @dsheub unit 7
opseu o?,rt 1edan %3%0%298& vgvashed isg%aded in\t%%nd&ﬂnloaded fromutheu .
rotaRy i 2 dhiotighriheoepehing. 3k ictite vaishtel5 Bythebpenig 2@ipenter

the rotary drum 2, and the

C1 of the washtub 3 and which is perpendicular to the rotary axis 2A. The
distance L1 between the center plane S1 and the supporting position Q1 1s
greater than the distance L2 between the center plane S1 and the center of
gravity G1. Along the horizontal direction 1H, the supporting position Q1 1s
not located rearward beyond the center G1 of gravity, that is, between the
center G1 of gravity and the motor 5. However, the supporting position Q1
is located close to the center G1 of gravity along the horizontal direction 1H,
hence suppressing vibration of the rear portion of the washtub unit 7. A
vibration sensor 40 is located at a position 3G on the washtub 3 between the
opening 3C and the center plane $1 of the washtub 3 for detecting
components of the vibration at the position 3G along different directions
perpendicular to each other.

A door 9 is provided at the loading/ﬁnloading opening 6C in the housing
6. An elastic sealing member 41 is provided at the loading/unloading

opening 6C of the housing 6. When the door 9 ig opened, the laundry to be
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loading/unloading opening 6C in the housing 3. The elastic sealing
member 41 is made of elastic material, such as rubber, for sealing
between the door 9 5 and the washtub 3 at the opening 3C while being
cc_)mpr_essed between the door 9 and the washtub 3 at the opening 3C.
Fig. 2 is a circuit diagram of the drum type washing machine 1. The drum
type washing machine 1 includes a blower fan 17 for blowing hot air into
the rotary drum 2 and heaters 18 and 19 generating the hot air, thus 10

having a drygr function, A.cPniialien2l menitais.an.operatiamofeashough the

component an _the entry of a command from a user and controlling a
sepiasief pparaibasvaeHorma the theanashiBg mathine tarhérgperatishd the

include a washing process for washing the laundr rinsi
rivsinipeianivadheg wmeRty, 6Cdawhe gsp}r&éssy%gergﬁgﬁ%%%%&%% Rember
from ine finsed Lo laundiy, and adping A loLAnig toadayaiator o
la f}n alternating-current power 31 is rectified by a rectifier 32 and

SMAP RPN A SHODKING citgihingl rlingrainty: mehatinpoils3adahdfiween the
smoothing capacitor 34, thus producing a direct-current (DC) power. The

D@ povendrihesnthehttct B \ibeaPPiriEHe? 26, thereby allowing the

mojtor 20 to rotate. fI:he. cantroller 2Q, accarding to a '  fr
an inpuk &t $12 AR SHARAASH Statis %@?élg[g%pgy%géegn@gr%?ﬂé%%}ti}éﬁf?ie The

L%%?‘ng %éh%a{@ﬁ{ﬁ% Sang Qrefatigns @ doadgoauetas amriebsupply hot air

ve 64, a water drain valve 13, the blowing fan 17, the heaters 18 and
19rand bthesteambomerits)by Hiretting kBload divaes7ratimnéhadisr 514g thus

a DC brushless motor including a stator having three-phase wirings SA
SN, ARt RRE worp B B HAGRBE, AR (Rreg o0t ©f each

PR A A g Buserina teg ostonaili o e

th%ﬂﬁﬁ@%ﬁ&i’sap@tf&&d&iﬂﬁymb@w&aﬂhﬂ(@&ﬂ%hmetﬂod_The operations include
a washing process for washing the laundry, a rinsing process for rinsing the
washed laundry, a dewatering process for removing water from the rinsed
laundry, and a drying process for drying the dewatered laundry.

An alternating-current power 31 is rectified by a rectifier 32 and
smoothed by a smoothing circuit including mainly a chalk coil 33 and a
smoothing capacitor 34, thus producing a direct-current (DC) power. The
DC power drives the motor 5 via an inverter 26, thereby allowing the motor
to rotate. The controlier 20, according to a command input from an input
unit 21 and an operation status detected by sensors, controle the rotation of
the motor 5 and operations of loads, such as a water supply valve 64, a water
drain valve 13, the blowing fan 17, the heaters 18 and 19 and other
components, by directing a load driver 37

The motor 5 is a DC brushless motor including a stator having
three-phase wirings 5A, 5B, and 5C, a rotor having two-pole permanent

magnet, and three position sensors 24A, 24B, and 24C for detecting the



The position sensors 24A to 24C produce signals indicating the position of

the rotor, and transmit the signals to the controller 20 directing a driver 25

5 to turn on and off the switching elements 26A to 26F to energize the

three-phase wirings 5A to 5C of the stator under control by the PWM

method, thereby allowing the rotor to rgtate at a predetermined rotation

speed. The controller 20 includes a rotation speed detector 24. Every

time when one of _the signals output from the position sensors 24A to 24C

ggg%%%% the,rotation, 10 'ﬂ}gelgl%‘imiﬁz_%n@%ﬁ%r@%i%ﬁ%‘i@léﬂfeﬁhﬁ 264 to
ging signal, an calculates the rotation speed of the rotor based on

thes perigddSinee theeretary asish2 eop teaotadytd mil2lesiendEWM) method.

horizontally or slants, the laundry and water in the rotary drum 2 may be .

biEbechdevimvaen e kS TotafF dRirt BGoEBRa R NseHRm B Bosition of

su pqrting the rotary 15 drum 2 is supporied i i=Vi ian: =
HPREITD AR e A SR P o T e A ot 2

5 eqsilyyifrate whan dhe ity duwm2 rdiaiesain hedewatéiingoprotessze the
the rotary drum 2 rotates at a higher speed ranging from 1000 rpm to

1600epphtoseenioieswatetdrofahhdziaty. yAIAE davraEhn gHs6CEas method,

the laundry containing water after the 20 washi roces INs|
oS A B BT o G A . Tne

rotary. driym 2la the gase thatihe, lasadis: iasetl thewashiithedwhen one of

supporting the_rotary drum 2 produces large vibration, thus providing the
washing-mashiae hwittrabhermaltidorationand hdise 24helaasae deg rqgation

member 41 sealing between the door 9 and the washtub 25 unit 7 (the
10 washeb B IS8 ST REA TSR] Pro e BE AT e Ghgpgeiote

ang ihe ashiug, 349 prexehiaies ieps ehaniash from entering from
be oor a_no_l e wa_shtu 3._The elastic sealing member 41 10
is madegf kelativebyfigid, alastio materiakothiy mateal atowsithorizontally or
vibration produced by the washtub unit 7 (the washtub 3) to propagate, to
theslants, the laundry and water in the rotary drum 2 may be biased downward
while the rotary drum 2 rotates. The washtub 3 supporting the rotary
15 drum 2 is supported by the elastic anti-vibration damper 70 and the coil
springs 71 and 77 to the housing 6, and can easily vibrate when the rotary
drum 2 rotates. In the dewatering process, the rotary drum 2 rotates at a
higher speed ranging from 1000 rpm to 1600 rpm to remove water from the
laundry. In the dewatering process, the laundry containing water after the
90 washing process or the rinsing process and having a large weight may be
aggregated unevenly in the rotary drum 2. In the case that the laundry 18
biased, the washtub 3 supporting the rotary drum 2 produces large vibration,

thus providing the washing machine 1 with abnormal vibration and noise.

The elastic sealing member 41 sealing between the door 9 and the washtub

o
(13

unit 7 (the washtub 3) is pushed by a significant sealing pressure against the
door 9 and the washtub 3 to prevent water drops or splash from entering

from between the door 9 and the washtub 3. The elastic sealing member 41
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housing 6 more via the elastic sealing member 41 than via the

anti-vibration damper 70. Accordingly, the housing 6 may resonate with

the vibration of 5 the washtub 3. The conventional drum type washing
machine 501 shown in Fig. 7 detects that the rotary drum 502 contacts

the washtub 503. When the resonant ébration on the washtub 503

caus_ed by the vibration of the rotary d{:um 502 is at a primary resonant
rotation speed of about 120 rpm, at a 10 secondary resonant rotation
specd,of-abpul 220/R. gk Al addber ialan spepdiexspRinAILalws the
rpm, the washtub unit 507 1tself vibrates severely. An abnormal noise
Pegsigeshirsuahcseveyitatontofittie Weshtwashiub 0! is potpagate to the
eliminated by detecting only the direct contact between the rotary dru .
5haxfm|gtﬁerwagm%ts@@.lwt&@é%lg&ﬁsfﬁég%ﬁé SBABrmal 8i§é‘?]i%qh¥é‘t‘°n
washer necessarily detects front unbalance in which the. | r : ;
cOACHTalds atg[?%’%fﬁﬁ ] Orttrlllgnifﬁ he %ﬁ%%%%gg%g%r% IEglaérhe vibration of

uphalancsip, which the laundry concentrates at the rear portion in the
rotary drum 502. The behavior of the rotary drum 502 during the vibration,

may beTtifferentefrommtdatiof thewasHapbB0S regeitiees Ol pESith Fig. 7

of the biased laundry. 20 This may damage the motor 503 jgingg-fo t
rot&Fy ArubR Bl 3hen d P S ’é‘ﬁ%bgg 29 ?‘fét{(sjrl{}]lrr(i3 t‘gfﬁesq\%g%hiﬁggmac ne. the

1 ?ecsco(x){éjzi{%%{ fhe emhodiment. gy creLRIGNE exdendiRgion of the rotary
perpen |_culary to the rotary axis 2A of the washtub 3 and passing on the

Chaﬂt@ﬁ:lcasm theytotaptaxis2 Adsaefinech (a5 Theperdes Gllotgrahaty vim, at a
the washtub unit 7 is spaced by the distance L2_from the center,plane S1 .
artsrdeatetreRsE S IR S Ut PR E R RN S & et Totation

e

T

tha),the csnten piane Shisddhe syppectingepeositioth@i immofethe washtub unit
507 is not eliminated by detecting only the direct contact between the rotary
drum 502 and the washtub 503. In order to suppress the abnormal noise,
the washer necessarily detects front unbalance in which the laundry
concentrates at the front portion in the rotary drum 502 and rear unbalance
in which the laundry concentrates at the rear portion in the rotary drum 502.
The behavior of the rotary drum 502 during the vibration may be different
from that of the washtub 503 regardless of the position of the biased laundry.
This may damage the motor 505 joined to the rotary drum 502 and the
washtub 502.

In the drum type washing machine 1 according to the embodiment, the
center plane 51 extending perpendicularly to the rotary axis 2A of the
washtub 3 and passing on the center C1 on the rotary axis 2A is defined.
The center G1 of gravity of the washtub unit 7 is spaced by the distance L2

from the center plane S1 and is located closer to the motor 5 than the center

plane S1 is. The supporting position Q1 of the supporting damper 70 1s
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forward along the horizontal direction iH than the center Gi of gravity is.
Under those conditions, the vibration at the bottom 3F of the washtub 3 is
5 correlated closely with the vibration on the front portion at the opening
3C of the washtub 3. The vibration sensor 40 produces and releases a
signal indicating amplitudes of components along different directions of
the vibration at the front portion of the Washtub 3. Based. on the
amplitude of the vibration, the controller 20 determines whether the

laundry is biased 10 frontward from the center plane.Si toward .
oPRH B0 G CARWHIT ROERS R 6 R B tbsrde I Batto 41°
and the motor;5, AsShWRdP fighd sthe VibrationgaiesentOreduadsl is more

signals corresponding to a displacement SFFR, a displacement SFLR,
ans-aadisplacemant ISubrahthé feotippoitdribiththwashs $dud gravity 1s.

ibrati f 15 th htub 3, re; tively, T. ispl FFR of th :
RS 918G+ Wi S AP RO P TR OhG
lrg%%ge%ﬁgdz éﬁ%pevgl%ﬁ) Iﬁgg @1%%1:?5&&0{1{9%6’%Bwléﬂsa@@{@o@emng 3C of

rd"and rightward direction LR perpendicular to the rotary axis 2A

ang paraligtwitrza hotizantakaiection 3hl. Ihedishlacemendt SitsBesf theignal
washtub 3 is along 20 an upward and downward direction UD

perpEnaticuaram i vdtary efxisomp A aralenrith A st altirstgs of the
1V. The vibration sensor 40 according to thi od} -
impRiAEATE Y S %%%088%%8 |00n{dé%%%?S%g}%%gdggr%%oiﬁgﬁt@%?mphmae o

acgeleration; iewever maviatest crmponants ofirtipeathorlaundry is biased
displacement. The vibration sensor 40 may not necessarily 25 detect one

of thmtlisplackmentISF L alonglte [Sfward ks igRward B ettiof LRarWard
oM e PR STESE 0% PIE VAR M Adeargoro o
displacements SFFRSThE. and SEUDBLRHagbB,S and grepaetive signals
amplitudes ArFR, AFLR, and AFUD of the
corresponding to a displacement Sprr. a displacement Srir, and a
displacement Syup of the front portion of the washtub 3 due to vibration of
the washtub 3, respectively. The displacement Sprr of the washtub 3 18
along a frﬁntward and rearward divection FR parallel with the rotary axis 2A.
The displacement Srrr of the washtub 3 is along a leftward and rightward
direction LR perpendicular to the rotary axis 2A and parallel with a
horizontal direction 3H. The displacement Srup of the washtub 3 is along
an upward and downward direction UD perpendicular to the rotary axis 24
and parallel with a vertical direction 1V. The vibration sensor 40 according
to this embodiment may be implemented by a 3D acceleratiop sensor
detecting components of acceleration, however, may detect components of a
speed or a displacement. The vibration sensor 40 may not necessarily
detect one of the displacement Srrr along the leftward and rightward
direction LR and the displacement Syup along the upward and downward

direction UD of the washtub 3 at the point 3G
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displacements SFFR, SFLR, and STUD detected by the vibration sensor
40 when the laundry weighing 500g is distributed in the front unbalance in
which the 5 laundry is biased from the center plane Si towards the
opening 3C of the washtub 3. Fig. 3B illustrates the displacements SFFR,
SFLR, and SFUD of the washtub 3 and respective amplitudes AFFR,
AFLR, and AFUD of the displacement%%FFR, SFLR, and SFUD detected
by the vibration sensor 40 when the laundry weighing 500g is distributed
in the rear unbalance in which the, 1Q laundry is hiased from t ter

plane S %w%dél{ﬂétﬁ?)ﬁ@m%gﬁ (%1%9 a%glsc?%% =i} é%ﬁiﬂ ugtgrgti%%ﬁ)e of the
displacements SEFRSFLByand S aliesnashiub 3 anddespestiver  the
amplitudes AFFR, AFLR, and AFUD of the displacements SFFR, SFLR,
angdspRlbdetecteds bysthe vt Sion sensorddwhbea vibedggndgnsor 40 when

weighing 500g is distributed in center unbalance in, which the, 15 laundry.i

Do s CERER BB R ROHE Db SRR TERIE Rt T he
the amplitudes AFER, AF ' Wy coRtRinad of th
as?aslfélngg,lgi% A% ?gﬁ%lggéo?c%%ég t? %%%F\%@V%?ﬁ%%sﬂ%Aﬁé ?C@ the .

frops sinbalancey thesrean uabalanade angthescentes Gabaléace arsl Srup of the
correlated with the amplitudes AFFFR, ArLR, and 20 AFUD. The

amplithtids AFLRANdAPUIER tHenBhPitsaldhes sHdwh ind8g. sae of the
smaller to the amplitudgs ArLR and AFUD at the frant n

center unbalance shown in Fig. 3C

Is %‘?&W&SH&W foplitu R &t tbarfiant unbalanee shelvalimFigndwhich the
and the amplitude AFLR at the rear unbalance shown in FigéSB. The 25

amgpliidley AF BDR atdhizccentbe unibatanpinshofvh fewirdscths duiiesn Feof the
amplitude AFUD at the front unbalg&cgsh wn in Fig. 3A a thea Srom of £he
anipRElED AFUB &t e HaA tHSAIERE S SRIAGTRF BT S8 TRE Briphiide”

SR T s g, b e ey

am@&&n@@eﬂ&ﬁ@sﬂﬁ, SriLg, and Srup detected by the vibration sensor 40 when
the laundry weighing 500g is distributed in center unbalance in which the
laundry is biased at the center plane S1. The displacements Srrg, SFLR,
Spop and the amplitudes Arrr, AsLr, and Apup illustrated are actually
obtained as signals, such as voltages or currents.

As shown in Figs. 3A to 3C, the front unbalance, the rear unbalance,
and the center unbalance are correlated with the amplitudes Arpr, Arrr, and
Arup. The amplitudes Arpr and Apyp at the rear unbalance shown in Fig.
3B are smaller to the amplitudes Arpr and Arup at the front unhalance
shown in Fig. 3A. The amplitude Arrr at the center unbalance shown in Fig.
3C is hetween the amplitude Arir at the front unbalance shown in Fig. 3A
and the amplitude Apr at the rear unbalance shown in Fig. 3B. The
amplitude Arup at the center unbalance shown in Fig. 3C is between the

amplitude Arup at the front unbalance shown in Fig. 3A and the amplitude

Apup at the rear unbalance shown in Fig. 3B. The amplitude Arrr at the
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rear unbalance shown in Fig. 3B is greater than the amplitudes AFLR and
AFUD at the rear unbalance shown in Fig. 3B. The amplitude AFTR at the
5 center unbalance shown in Fig. 3C is smaller than the amplitude ArFR
at the front unbalance shown in Fig. 3A and the amplitude AFFR at the
rear unbalance shown in Fig. 3B. The amplitude AFFR at the rear
unbalance shown in Fig. BE is substariially identical to the amplitude
AFFR at the front unbalance shown in. Fig. 3A. Thus, the front
unbalance, the rear unbalance, 10 and the center unbglance which the
|lafiaatyusimiaeeif e onelde it %ﬁ@gﬁ%ﬁ%ﬁﬂbﬁﬁrﬁﬁf&lﬂ S5 fgree and
ArTD and the rising rates, the pariqds, ang- has@s.0 ; i
BB S B G omi (G ude Aww at the

displacemant SELB @ thavitisation aopg:the ditestiothk Randithdes Arir and
component (the displacement SFLR) of the vibration along the directjon
LR &S at b drormpomnioni ohthesWelhip 3 e Porpdmiciiapiiihe rotanat the

oG 8 TGN /8ty S Aob e Sy g PR at he

ary drum cts equal

displagemant SklRHbe sompenentaf theavibrational thedtrontportiontat rear

the washtub 3 along the direction LR varies in advance of the :
dispibekment BEFR, thelbampBneMtz0 i tvibrationraiinghth et stfdritance

FR. That is, the phase of the dis?llacg?ment FLR is adv r%c%d %fthe
d RS b

ey the depacernBht SERR!nitaesel thabmeraRs s dignidant (e ot

\L/Jvnhll'l%lxz ?#ggc%f stﬂgvy%eigrﬁ':@ @ﬁ 'aFHQEY cihesratary shum Lmayyi@tembalance,

e rotary axis 2A tracing a side surface of a conical shape havinga
veigd hedd-ahibe Mmoie-mcEvenidb sibdn thel whiabonsef the aotaryrdlated with
2 is large, the amplitude of the vibration at a position close to the motor

is Shtalhiiicedpotserusidgihen PBstion BREbriki LS AafEp e Periods, and

o S S AR, Bl e

MajaR-Ramadargs-weiokt. The fiontpastiomiong the direction LR and the
component (the displacement SFLR) of the vibration along the direction LR
at the front portion of the washtub 3 are perpendicular to the rotary axis 24,
and are different only in the gravity, hence being similar to each other since
the rotation of the rotary drum 2 affects equally. The displacement SFLR,_
the component of the vibration at the front portion of the washtub 3 along
the direction LR varies in advance of the displacement Sgrr, the component
of the vibration along the direction FR. That is, the phase of the
displacement Syir is advanced of the phase of the displacement SFFR.

In the case that there is a significant unbalance of the weight of the
laundry, the rotary drum 2 may vibrate while the rotary axis 2A tracing a
side surface of a conical shape having a vertex held at the motor 5. Even
when the vibration of the rotary drum 2 is large, the amplitude of the

vibration at a position close to the motor 5 is small, hence not causing the

position to contact the washtub 3. However, the motor 5, upon vibrating,
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and the rear portion of washtub unit 7 are different from each other in
behavior of the vibration and the resonant vibration. Thus, depending on 5
thg status of the unbalance of the laundry, the vibration on the washtub
unit 7 may be affected by not only the vibration at the front portion of the
washtub 3 but also the vibration. at the rear portion of the washtub 3 close
to the bottom 3F, and may produce abh®rmal noise. The displacements
SFFR, SFLR, and SFLD of the washtub 3 are the 10 components of the
vibration along the three different directions at the front, porti?gl 0 tge

v;:asmmg.sertﬂeefmﬁ@lp@rhd’nf@f‘fﬁ*éfafés?ﬂ&%’%lﬁfsf’é%ﬁ FashsaRingwtndine
than the center plane Si is., The displacement R, i
are™f &feé) %’ﬁ% %%B?ﬁti%}h@s%lr?s%? ﬁogé@qulsdaa?g%fc{%ﬁa ed Wif%%%e@&é%ormn
campopgnts.af the Mibratignalepgtbedhred directinffs einthdrrear pottiorther n
of 15 the washtub 3. The rear portion of the washtub 3 is closer to the .
bt a6 tifaththeibentamplawe BidsesrpantysteaBsthe dRiitdgegnding on
FLR and AFFER of the vibration pon the washtub 3.and th ljt :
ARBRAGR e GV ARURE CHGUON LR B o P o e b o

th?@%%é%@é@%@d hiub 3hemihesiaundsy isbiasedinthetetion of the

unbalarce in which the 20 laundry is biased from the center plane S1
towarels thebetton 3R iof thbrardshtubt Be Asashpwiiinm Bigte wrashtub 3 close to

amplitude AFFR of the vibration at the front portjon along the frontward
anthecheirara affeensier i%YQQRF%iﬁ}ﬁW’R?#%Oé%pIitude ARLR of the

vibratioz‘gnt thfF re%\rﬁg%réigp ag)r}% ”%i%ﬂ angd doht dircetiondRuIHE 3 are the

18 3
sensor efects he amp itide AFFiz of the 25 vibration at the front

potipmalens:ther fratwaed and reenyale directiliffand thireotioiertate front
can estimate the amplitude ARLR of the vibration at the rear portion 1along

thepledtiancfitiht sirsbiivh ER BEBeABR{RExaIRAPIthHR T8 AR SrRgloser to the
R na 1 BB FU'CE 0 v oM e Leale Qe iy 22
Spup are detected by the vibration sensor 40 and are correlated with the
components of the vibration along the three directions at the rear portion of
the washtub 3. The rear portion of the washtub 3 is closer to the bottom 3F
than the center plane S1is, Fig. 4 llustrates the amplitudes ArLr and Arrr
of the vibration on the washtub 3 and the amplitude Arir of the vibration
along the direction LR at the rear portion close to the hottom 3T of the
washtub 3 when the laundry is biased in the rear unbalance in which the
laundry is biased from the center plane S1 fowards the bottom 3F of the
washtub 3. As shown in Fig. 4, the amplitude Arrr of the vibration at the
front portion along the frontward and rearward direction FR is very similar
to the amplitude Arir of the vibration at the rear portion along the left and
right direction LR. The sensor 40 detects the amplitude Arrr of the
vibration at the front portion along the frontward and rearward direction,

and the controller 20 can estimate the amplitude Arir of the vibration at the

rear portion along the left and right direction LR based on the amplitude
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indicating the vibration at the front portion of the washtub 3. An operation
action of the drum type washing machine 1 determining, 5 based on the
vibration at the front portion of the washtub 3, whether the distribution of
the laundry in the rotary drum 2 is distributed in the front unbalance or in
the rear unbalance will be described below. The vibration sensor 40
outputs a signal indicating a componentf the vibration along the
frontward and rearward direction FR parallel with the rotary axis 2A of the

10 rotary drum 2, and outputs a signal indicating a component of %]I‘iP to th
%81‘ G e

vibratiorl adorig e qefamara i ingRen i bt RRSEFEhaR

the rotar is,2A of the rotary drum 2 and.in parallel with th -
diP@@ﬁéﬂés oﬂ%%?tﬁ ecé:?nn%(%%le%}tj%ngf %\}I r%%lc(?n %?%%%?[ro% pg%%%&%?rately

thg, washinb 3, Alepehihsndiferantdinegligrs bettentrgdiend0xxtracts,

from the signals, 15 the displacement SFLR along the leftward and
rightwarchditeaticivh Rt theoffidret horto st eanhisitubas aimg theletermining,
displacement SFER along the  froptward and reagward directian ER at the
rGRrnt B (PRSP0 NI AEA Ohe WoBIACL NG SR e che
a'%ﬁ'&%%%ﬁé%fdtﬁ@qaqﬂmwiﬂ direction-LRARd hedisplagamenti SRR front
anng the tfrontward and rearward 20 direction FR. As described above,

the disnlaceme ninSie, Realo ng héaetmvarnd! drdd eighiiveddbdinsttiod bR vibration

varies in advance of the displacement SFFR along the frontward and
reapnasE HfoRBHISR. AATEn tRE BRSPICR FRNPERER aﬁ'ﬁ% G ALons the

and rightward diection LR, dpes r . ' f

o R A B e o of e
leftwared andghtwad clirgetion Leissmalienthap theorefenencedvet Bipration
the controller 20 determines that the laundry is not distributed in the 16
frontangbeianedtoratt sadr uabatersk diverifomd Msprapenntiar fR the rotary

along the efyard and rightward direction LR {aRRss M RISSSISRIRES on 211
out of the components of the vibration of the front portion of the washtub 3
along the different directions. The controller 20 extracts, from the signals,
the displacement Smir along the leftward and rightward direction LR at the
front portion of the washtub 8 and the displacement Srrr along the
frontward and rearward direction FR at the front portion of the washtub 3.
Fig. 5 illustrates the displacement Spir along the leftward and rightward
direction LR and the displacement Srrr along the frontward and rearward
direction FR.

As deseribed above, the displacement Srin along the leftward and
rightward direction LR varies in advance of the displacement Srrr along the
frontward and rearward direction FR. When the displacement Spir along
the leftward and rightward direction LR does not reach a predetermined
reference level B1, that is, when the amplitude Aprr of the vibration along
the leftward and rightward direction LR is smaller than the reference level

B1, the controller 20 determines that the laundry ig not distributed in the
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reference level Bl, that is when the amplitude AFLR of the vibration along
the leftward and rightward direction LR is equal to or larger than the
reference 5 level B1, the controller 20 determines that the laundry is
distributed in either the front unbalance or the rear unbalance. In the case
that the amplitude AFLR of the vibration along the leftward and rightward
direction LR is equal to or larger than tHé& reference level B1, when an
increase AB of the displacement SFFR along the frontward and 10
rearward direction FR during a predetermin dura}i}on AT from a ti

pETRP WRRHEPCIE I AERTARP BRREE inclEaSBs oM BPIEVE SSlepn alone
thﬁ{]e tqgf{\%gg{g ncele Vﬁlg Lio.the referanss lave! BLiz ROUaI@ OF JRE#RErmined
than a prede e_rmlned value B2, the controller 20 determines that the

lapyd s dsedistabBted in the fraphuhkalanckt Wibenthefitbrease A isalong the
smaller than 15 the value B2, the controller 20 determines that the |aund

SdRibulotin nib rear rbeinge. Wikemamvel o PHHESate 173 He Teicrence
ampli AFLR of the vibrafj long . the leftwa ' d directi .
R 0 BT Rbrt i SPABUSE (VA o e o SRR in

rafeAB/AT. thedatiopltheinsraaseref-ABkathaderedetermined duration
AT is equal to or larger than a predetermined value B3, the controller 20

determibes ihataietlaanthy mmgiristetdd-in vic hortmsiaarmienyHunleftward
the increasing rate AB/AT ii smaller than th Valuet%:?; tlgﬁecor}lrollerZ

de@éﬁrﬁ?‘%%t’t’ﬁ%ﬂﬁg%‘ifﬁ E mempinda fF diFeni b athEe o8 K5 fhvel B1,
Op‘%ﬁ?élr(l) na(l)lf 5'3‘3#35%@ WR eo‘f’%ﬁ@iqgéﬁ?a%@ﬁl%ﬁtdg%%m%@@ femitherward and

vibration at 'Fhe ront portion of the washtub 3, whether the distribution of
the dawrdnainitbe-totarFaruini2ig exqessivelybiased dnsrtiexcéssifefront time
17 unbalance or an excessive rear unbalance will be described bglow.

TheolatRiRy i bigbdd e MR IRIND BoTIBRER S WAShtULeY it ler than

more .
trhe reference level B1 to the reference level B1 is equal to or larger than a

predetermined value B2, the controller 20 determines that the laundry is
distributed in the front unbalance. When the increase AB is smaller than
the value B2, the controller 20 determines that the laundry 1s distributed 1n
the rear unbalance. |

Alternatively, in the case that the amplitude Aprr of the vibration along
the leftward and rightward direction LR is equal to or larger than the
reference level B1, when an increasing rate AB/AT, the ratio of the increase
AB to the predetermined duration AT is equal to or larger than a
predetermined value B3, the controller 20 determines that the laundry is
distributed in the front unbalance. When the increasing rate AB/AT is
smaller than the value B3, the controller 20 determines that the laundry 1s
distributed in the rear unbalance.

An operation of the drum type washing machine 1 determining, from
the vibration at the front portion of the washtub 3, whether the distribution

of the laundry in the rotary drum 2 is excessively biased in an excessive front



from the center plane Sl towards the opening 3C of the washtub 3 in the
excessive front unbalance than in the front unbalance. Similarly, the 5
laundry is biased more at the rear portion of the washtub3, that is, more
from th_e center plane Sl towards the bottom 3F of the washtub 3 in the
excessive rear unbalance than in the rear unbalance. Upon determining
that the laundry is distributed in the froAffunbalance in the above method,
the controller 20 determines that the laundry is distributed in an excessive

10 front unbalance when the amplitude AFLR of the vibration, Io({mgot e
leftwartirandaightwarteFsetiov LR 1o byl SFtarerdRariped below.  The

p_redetermi_n d threshold Al. Upon determinin iS - .
D oA G ARea e LOnoTes 20 Ae e fraigis more
'afga yeiscdistriuted inetha frontuabalancs bitmosin tierkxoessivenfrdhtin the
unbalance Wh.en the 15 amplitude AF1,R of the vibration along the
letiwardiaad fightwardalrectionhaR issiialef tiin ¥ #hiashold ATl the
predetermined threshold Al for determinin%.whet%uarl or nott

5 didtametet 1h VBRI dRBRIBRES TR |8rgeret%%sﬁm%1%?’uﬂ% 13, more
bredeterpined,telerange I9yel il fondglermupiom elhetse aaidhitab 3 in the
laundry 1s distri Uted in either the front 20 unbalance or the rear

unbalansee Seaiadybuponcdetesminingthatetne dabinbirgds. disiibutelgiprmining

the rear unbalance by the above method, the controller 20 determines
habe b i 0 T tha OB LB B UABSHal oo i Trete 2o

amplitude AEER of the vibration al : :
dir ?i&ﬂr&fi}]{géqgua 8 %rnfé?ggrt??]%%qggpqré ete%?ge%ﬂ%ﬁé@sagg\% {§5a£2(?xcesswe
10 Unpen.deteimining.thatdhe iaundptiis:distibuted indhdieaiombhiagddebyfiward
th_e a_lbove r_nethod, the cqntroller 20 determines that the laundry is )
disiritiuteglinvthe tedirarbaraidd Butaiorih (e Exeatsie Hoap (hdisfgisrmined

oAU ion PR TS TP S (SO Ao o e ey one
IS unbalance, the controller 20 determines that the laundry is distributed 1n
the front unbalance but not in the excessive front unbalance when the
15 amplitude Arpg of the vibration along the leftward and rightward direction
IR is smaller than the threshold Al. The predetermined threshold Al for
determining whether or not the laundry is distributed in the excessive from
unbalance is larger than the predetermined reference level Bl for
determining whether or not the laundry is distributed in either the front
o5 unbalance or the rear unbalance. Similarly, upon determining that the
laundry is distributed in the rear unbalance by the above method, the
controller 20 determines that the laundry is distributed in the excessive rear
anbalance when the amplitude Aggr of the vibration along the frontward and
rearward direction FR is equal to or larger than a predetermined threshold
95 A2. Upon determining that the laundry 1s distributed in the rear unbalance
by the above method, the controller 20 determines that the laundry 1s

distributed in the rear unbalance but not in the excessive rear unbalance
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distributed in the excessive front unbalance or in the excessive rear
unbalance, the controller 20 directs the rotary drum 2 to rotate to distribute

5 the laundry evenly in the rotary drum 2 onto stop the rotation of the

rotary drum 2, and notifies the user that the laundry is excessively biased

in the rotary drum 2. Vibration in the excessive rear unbalance affects the
washtub unit 7, particularly, the motor S&nd the hearing 68 more than
vibration in the excessive front unbalance. Therefore, the predetermined

10 threshold A2 for examining whether or not the laundry is distributed in
thehexcérsivepbiandebatancé ibaeteraiivedattybe tmaitentiandnd rearward
predetermined threshold Al for examining whether or not the laundry; is :
didirpiien if theexvaadive fFBﬁPuﬁgﬂ%lgﬁE%M edgéh trtu‘éﬂéﬁgjnnlélL N i

n . >ed Y

fr Sglt{%%}%)&at{%n %‘?@S&’zé%sqgée%Qﬂtthﬁnﬁ%&&p{@t'gg ghthe. fropt RREEEA rear
of e was tub 3, the controller 20 determines that the laundry is
distiibaliac-aeitherin the Feoritudbatancaosiathd rear AnbaleateetyHenribute

the amplitude AFLR of the displacement SFLR of the vibration .alon lgwe
leferaltuamdt vigHaRAY dRiFBEHIAER @%ﬁa@l@?t&ﬁ%%‘?é&&%&%ﬁ& ¢ rotary

reference level Bi. That is, the controll : iy, :
R e L S0 BB 20 e n he
ang fightwatddirection b and the ampliudesArERefthentbiation affiegs the
the frontward and rearward direction FR, whether or not the laundry is

distrilsted inthe excessivalnoht thBalaAtE oF iANHctBRCESENBGCHF more than
unbalance. In thi ' i
nce. In this case, the controller %a?/ not ne %sl%%ll}/edeﬁarm

frofb28HAR aﬁgﬁg%gﬁwg,_ep ‘Oglfbﬁgl nee 8'1%%etermined

e frontward and rearwar

dirgetion FR AWhEther, ok NLine Jaundois Sihendn thefrantLmbalance Orin the

in the rear unbalance. Further, the controller 20 may not necessarily even
detagbtand9 wisplacetheht:SEFRs Indtedimetypawabhingmidttinghan  the

according to the embodiment, the
predetermined threshold Al for examining whether or not the laundry is
distributed in the excessive front unbalance.

Based on the signals output from the vibration sensor 40 detecting the
vibration at the front portion of the washtub 3, the controller 20 determines
that the laundry is distributed neither in the front unbalance nor in the rear
unbalance when the amplitude ApLr of the displacement Srir of the vibration
along the leftward and rightward direction LR is smaller than the
predetermined reference level Bl. That is, the controller 20 may not
necessarily determine, from the amplitude Asir of the vibration along the
leftward and rightward direction LR and the amplitude Aryr of the vibration
along the frontward and rearward direction FR, whether or not the laundry
is distributed in the excessive front unbalance or in the excessive rear
unbalance. In this case, the controller may not necessarily determine, from
the displacement Sprr along the frontward and rearward direction FR,

whether or not the laundry is either in the front unbalance or in the rear

unbalance. Further, the controller 20 may not necessarily even detect the
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amplitude AFLR of the displa

reference level Bl for determining whether the laundry is distributed in the
front unbalance or the rear unbalance is equal to or larger than 15mm

while 5 the duration AT for determining whether or not the laundry is
distributed in the rear unbalance is 2 seconds, and the reference B2 is

equal to or larger than 1 mm. The predetermined threshold Al for

determining whether or not the Iaundry}s’l’s distributed in the excessive

front unbalance is 25 mm while the predetermined threshold A2 for
determining whether or not the 10 laundry is distributed in the excessive
reXeBISAMARBE TB0 mm. However, these values are not limited to the

above desglibedyalyes. Fheisertiahienl stores iedireshialdAlladdieat, the
threshold A2 smaller than the threshold Al. Alternatively, the controller 20
mayfstoredhevahidsHotodatamdinipedéterhsindbedlf cipdigibuatedin the
the threshold A2, 15 a value provided by subtracting the difference :
frénemherphalsms Al s §§afo“d’é1§ﬁiﬁﬁﬁeel\ﬁ/ﬁgﬁ?§r%ror %ﬁ% i ﬁlﬁélrﬁimm while

no au

disfribyted in the-excess| NPAIANES oFhisoReratien Banyediithesd in
th%s?h%\llé a&ﬁ”flo ovﬁ%ggf%\e@%%?ggﬁ%ld Al Alte?natively, in orde?;tg detect
theexsessivaigrimsphialancerotite cantralier Pfaraycealitlilate thektmopflarger
the amplitude AFFR along the 20 frontward and the rearward direction FR
anththe predeterfineerd ﬁé@éﬁe@eﬂ‘sﬂrrﬁ%h@éﬁt%h&ﬁog?ﬁa%’&g}ﬁﬁnlé‘et er or
that the laundry is distributed in the excess] apeewhen.the o5
suﬂ??st@ﬁl;ﬁﬁ‘{gd&ﬁ Ié?gélrétﬁéglut e§ tlﬁlreséﬁ?o \,éé\glsrsg% Lc%lijztl,\gt%g‘r{mine that the o

laupgng isnot disisiutachingthe rexesssive fear dnbalante yidrethersumnot the
is smaller than the threshold Al. 25 Alternatively, the controller 20 may

detarmihe thatitteilaurdrjrishdistrtrtedan e RERELHMEIAR GO WHEN tHéowever
ment SFLR at the front portion of the

e
waldhiEh IR GRS RTAIE S0 4RE AERVL: RO T s smaller
than theeference Bl, SinGe e disniprarmsnt SFLR dsHetaciedipld A2 smaller

advance of the displacement SFFR along the

15

20

than the threshold Al. Alternatively, the controller 20 may store the
threshold Al and a predetermined difference A3 to use, as the threshold A2,
a value provided by subtracting the difference A3 from the threshold Al so as
to determine whether or not the laundry is distributed in the excessive rear
unbalance. This operation can modify the threshold A2 foiiowing the
threshold A1l. Alternatively, in order to detect the excessive rear unbalance,
the controller 20 may calculate the sum of the amplitude AFFR along the
frontward and the rearward direction FR and the predetermined difference
AS. The controller 20 may determine that the laundry is distributed in the
excessive rear unbalance when the sum is equal to or larger than the
threshold Al, and determine that the laundry is not distributed in the
excessive rear unbalance when the sum is smaller than the threshold Al
Alternatively, the controller 20 may determine that the laundry is
distributed in the front unbalance when the amplitude Arin of the

displacement Sz at the front portion of the washtub 3 along the leftward



frontward and rearward direction RR, the laundry is not in neither the front
unbalance nor the rear unbalance when the amplitude AFLR is smaller
than 5 the reference level B1, thus not producing abnormal vibration.
When the amount of the laundry is small, the laundry tends towards the
bottom 2F of the rotary drum 2. In this case, the laundry tends to be

biased to the rear portion from the centergplane 1 towards the bottom 3F
of the washtub 3, that is, distributed in the rear unbalance. In the case

that 10 the amount of the laundry is smaller than a predetermined amount,

whe thempliwde A&l alongdhereftaarthanditightafirestion BR isSince the
equal to or larger than the reference level BI, the controller 20 ma

dheﬁefsmim@mantr%mmd@&g@%tﬁb@fbﬁiﬁp@hefr@& displasrBe Blthot tHAPS the
the laundry is distributed in either. th t-unpala ; .
unBRBREE! ﬁ%%?%ﬁvé?gt%ﬁléﬁ%\]i\?sn Tﬁg&%ﬁoﬂgﬁ% t(l% rqlrhiai?:l{%/%%%r%i%e front

whethen or not theraurdiy ds gishiutedhinriha e xeephiaicearunbatangter than
while the controller does not determine that the laundry is distributed in

5 ther hxcessive fedny diribhlahoe 1Binpecthecargotim @M Yabrdipis

correlated with the load on the rotation of the rotary drum 2, a current
flowing FASRFIMEHARRERDE ) Dok %"rﬂiﬁ r?ﬁﬁgs%arnl}g %??}%g Fgg%ﬁgwards

of t{}?ﬁf%’%}%%gr%@ 8{‘%@{&6§0&%9€MB& on the amountof the Rurdny Thels to be

more the amount of the laundry, the greater the current flows. A current
detgpias 29datectsdhgoetiertimthddmarter 28dmsédonsaadolthgdottom 3F of

between both ends of a. resistor_28 connected in series fo the inverter 26.
Thaboneilera0icaRahis. S5 dalBHAMEB AR O e undr RSt (ot

e ser Tacenroli A se s e man soandal. vio
detefmings,ihaldberl; @updryis distibuedinthiphrcassivfrdm is equal to or
unbalance or the excessive rear unbalance. Upon determining that the
lauridrgés disiribiteddfethace level B1, the controller 20 may determine that the

laundry is distributed in the rear unbalance but not that the laundry is
distributed in either the front unbalance or the rear unbalance. This

15 operation allows the controller 20 to quickly determine whether or not the

laundry is distributed in the excessive rear unbalance while the controller
does not determine that the laundry is distributed in the excessive front
unbalance. Since the amount of the laundry is correlated with the load on
the rotation of the rotary drum 2, a current flowing from the inverter 26 to

90  the motor 5 at the startup of the rotation of the rotary drum 2 varies

depending on the amount of the laundry. The more the amount of the

laundry, the greater the current flows. A current detector 29 detects the

current in the inverter 26 based on a voltage between both ends of a resistor

98 comnected in series to the inverter 26. The controller 20 can thus
95  determine the amount of the laundry based on the detected current.

The controller 20 increases the rotation speed of the rotary drum 2

towards a target rotation speed until the controller determines that the



exce_ssive front unbalance or the excessive rear unbalance before the

rotat!on speed of the rotary drum 2 is increased to the target speed, if the
rotation 5 speed of the rotary drum 2 is lower than a reference rotation’

speed which is lower than the target speed, the controller 20 temporarily
decreases the rotation speed of the rotary drum 2 or stops the rotation of

the rotary drum 2. Then, the controller 2Q controls the motor 5 to rotate

the rotary drum. 2 by an angle smaller than a half turn, to rotate the rotary
drum 2 in a reverse 10 direction by an angle smaller than one turn, and to

rotale Haey qtanyseriimtad innthnievisusvditestiomby dnrangle Sheaissaprme rear

one turn, thus repgating to arcuately rotating the drum. Thereby, the .
contdiidnaceelimiries deteanipingyd b ARAcEHRTCHth 1?35}%1‘?% in the

excessively bjased. Then, the cgntroller 20 in¢ in t | -
AR Yo R D TS TECHE e o e (B g e

contrallar 20 finishes-{he.dewatqung rracesswithoubsytfespgettonf the rotation
excessive unbalance. Alternatively, the controller 20 may increase the

srotatier Gpéebofdheryolanndium Rattertheliminsafigemee agtatigiespeed which is
unbalance, and maintain the rotation speed of the .drum at the reference
rota BB IEEd orte W?@t&%ﬁip@é‘ﬁ 8?%%01&%12 (é(l){ reaches ﬁ’ deltGases the

e

L?Leﬁgli?o%g%}t&%ﬁ 3P ﬁ?@rcl)@a%sd(fﬁﬁ? oilie SQRiEQiRr 2RJatates the vty drum 2.

or a duration longer than a duration for which the controller
rotafasthe retasy el 2atthe targeheotation SpeediAthishoperatipArum 2 by an
allows the controller 20 to complete the dewatering process  witho

suffeﬂg@afr@ﬁﬂﬁ@” eRess§ivaal BﬁFéhc@a’fﬂ{@G@ H e i ERefER B %%i%nreverse
G e Nt o 15 St ennee bl RS oAl ary druen 2

protect the washing machine 1 from damage even
whegp, the.coptiqligt 20 datprminesihai she dauitky ihdistiutechin thefepeating

excess.ive unbalance. The reference rotation speed according to the | .
embadiment reiygas-dtong dbeud 880.rprRlereby . controller 20 eliminates the
' excessive unbalance in which the laundry is excessively biased. Then, the
controller 20 increases again the rotation speed of the rotary drum 2 towards
15 the target rotation speed. Thus, the controller 20 finishes the dewatering
process without suffering from the excessive unbalance. Alternatively, the
controller 20 may increase the rotation speed of the rotary drum 2 after
eliminating the excessive unbalance, and maintain the rotation speed of the
drum at the reference rotation speed once the rotation speed of the drum
20 reaches the reference rotation speed. In this case, the controller 20 rotates
the rotary drum 2 for a duration longer than a duration for which the
controller rotates the rotary drum 2 at the target rotation speed. This
operation allows the conmtroller 20 to complete the dewatering process
without suffering from the excessive unbalance although the reference
25  rotation speed is lower than the target rotation speed. The reference
rotation speed is determined to protect the washing machine 1 from damage

even when the controller 20 determines that the laundry is distributed in the
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As despribed, the controller 20 of the drum type washing machine 1
determines, from the vibration at the front portion of the washtub 3

whether 5 the laundry in the rotary drum 2 is distributed in the fron’t
unbglance or the rear unbalance without detecting the vibration at the rear
portion of the washtub 3 from the centeg plane Si to the bottom 3F. An
operation of the drum type washing machine 1 executing the dewatering
process to remove water from. the laundry will be described below. 10
Figs.64and:6B.ase HowcHEiits itutiratiog arvopévatiopefdhaseradinguly the
2 during the dewatering process. The washtub 3 resonates when the

;CHBftmuind " Sisc}:ﬂan%d@ﬁﬁ@é ForarplAWh 9818 W BTiarY Hé88Nant rotation speed

ary resonant rotation speed. ' i ' :
the priﬁ%@eﬁéé?%t% o‘fa‘f%rht%%@%rd ng@ fgofgl%(r:n%gir?g ﬁﬁiﬁ%ﬁ% Haithine 1
resanantLoSees in4fmmowhileteayarepatiimitédio thesetsheedshether

The target rotation speed of the rotary drum 2 is the maximum rotation
f@@&aﬁ@r&aﬁmmm&m@mwméﬁ@ Bh ik mirage o the
IS. Upon starting the dewagering. process, the controller, 20 o+
AR SR R R P A8 o of o
“”vﬁ’%'s‘i‘err%]%% of £29,1ayndiy, iR dniializesthenumiber oSt (N=1) (Step 100).
Then, the washtub 3 Is drained (Step 101), and an untangling process to
Un:ang:_@xme)ﬂatmﬂ@ﬁim;ﬁhﬂmotérgambtiﬁs exeshisg (SepwR) L|eHfeuting the
untangling process, the controller 20 controls the motor 5 to rotate th
rotdey draning aroagsredereied ahta ’g‘??ﬁg’ﬁéﬁgéﬁrté’?é’.‘ﬁ@r%?n Sﬁ’“aﬁr’]ed belo.

angle larger th 90 25degrees and smallerthan 1304 [

Y eS80 @846yl frum 2
the% t&din @%Cftlo aﬁl%né)m%%l%os?t%n%arguer t%an 9 deg?r(gizs and smaﬁzr o
thaq, 18R, 48gress «aenstepscthe rotatiorwabiitpily 3 Themahescohtroltér 2gtation
rotates the rotary drum 23 2 at the untangling speed in a reverse directi(?

by areaigié shealtethardone: risse a5t HEthE tthidry tHt64h SRGU nd @

position larger than 90 degrees . . .
secondagy resonant rgtatlon speed. According to this embodiment, the

primary resopant rotation speed is 120 rpm, and the secondary resonant
speed is 240 rpm, while they are not limited to these speeds. The target
rotation speed of the rotary drum 2 is the maximum rotation speed, e.g.
1600rpm according to the embodiment, but ig not limited to this.
Upon starting the dewatering process, the controller 20 sets a number
N for counting the number of occurrences of the excessive unbalance of
laundry to initialize the number N to “17 (N=1) (Step 100). Then, the
washtub 3 is drained (Step 101), and an untangling process to untangle the
‘laundry in the rotary tub 2 is executed (Step 102). In the untangling
process, the controller 20 controls the motor b to rotate the rotary drum 2 at
a predetermined untangling speed (e.g. 40 rpm) by an angle larger than 90
degrees and smaller than 180 degrees so as to lift the laundry up fto an
angular position larger than 90 degrees and smaller than 180 degrees, and

stops the rotation abruptly. Then, the controller 20 rotates the rotary drum
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and smaller than 180 degrees, and stops the rotation abruptly. The
controller 20 further rotates the rotary drum 2 by the untangling speed in 5
the previous direction by an angle smaller than one turn so as to lift the
laundry up to an angular position larger than 90 degrees and smaller than
180 degrees, and stops the rotation abgyptly, thus repetitively rotating the
drum arcuately. This operation applies a large inertia force to the laundry
attached onto the side wall 2E of the rotary drum 2, removes the laundry

10 from ihe.side. il %JQ& sotary drum 2i,apd SHoRshe janadatine than one

direction opposite to the direction in which the laundry is lifted up. This

operation uniatigles theremoveddeamdryewhilepvoving ekt BibAgerees

the arcuate rotation in oppaosite directions, and distributes the Iagndr¥ b
i |18’7hs The

uatdrmsmilan thetrohtafs résivatadieftRRFd “BRdAGREDEr I dire
I ihe IO o, 2. Jen. e Gopdialien aflincisases madeialely ied in
rotanon Fie Yot

Speéd o rotary drum 2 to such a predetermined speed (e.g.
7Qupm)dhahibailapnssy is atigchedostadirintessuwiacewtthe ratary 1ift the
drum 2 (Step 103). Then, the controller 20 further increases the rotati

spesddfithorotay dngnl2reasPodisepesadermine dirstsss ﬁ%e%ﬂ?i%f than
80 rpm) lower than, the first,resonant rotation d.of the itl,
Il cese e nrg’r;%é%n(ﬁéspfzﬁit??‘ﬁégkgw’%tﬁww‘%g the

ntroller 20

dejerm %%%M%gf?er Ph0k BRIy s cdistibrted iaiitle excessivihe 1aundry

unbalance (Step 104B). At this moment, the controller 20 determines
whethehed mottthehiaundrywa diginfietdnrtieasdaxeasdivee wiafkbes laundry
only based on the displacement SELR of the \é\@shtub

oMot B iGHTKRH B RS ROAD RN rBBeERRS HBir e = diecton

S ARSIl ot sy

frophwandiaod Keamasdedinection - Ribiteparticidariethewgshtyollem@othe arcuate
rotation in opposite directions, and distributes the laundry uniformly in all
the frontward, rearward, leftward, and rightward directions in the rotary
drum 2.

Then, the controller 20 increases moderately the rotation speed of the
rotary drum 2 to such a predetermined speed {e.g. 70 rpm) that the laundry
is attached onto an inner surface of the rotary drum 2 (Step 103). Then, the
controller 20 further increases the rotation speed of the rotary drum 2 to a
first predetermined rotation speed {e.g. 80 rpm) lower than the first resonant
rotation speed of the washtub unit 7, and maintains the first rotation speed
(Step 104A). The controller 20 determines whether or not the laundry is
distributed in the excessive unbalance (Step 104B). At this moment, the
controller 20 determines whether or not the laundry is distributed in the.
excessive unbalance only based on the displacement Spir of the washtub 3

along the leftward and rightward direction LR which represents both the

front unbalance and the rear unbalance while the controller 20 does not
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determines that the laundry is distributed in unbalance when the amplitude
AFLR of the vibration along the leftward and rightward direction LR is
equal 5 to or larger than a threshold All, and does not determine that the
laundry is distributed in unbalance when the amplitude is smaller than the
threshold All. The threshold All is largerthan the threshold Al, and is 40
mm according to this embodiment. When the laundry is distributed in the
excessive unbalance, the rotation speed of the rotary drum 2 is not

constant 40 Andasriesynsiablisplhe: aanitolize 20 Meyedetesnine thadhe the
laundry is distributed in the excessive the unbalance at Step 104B when
thespositioh sehsorms 2and 2dBecien2dB doks Mssiapaeite Ggnaatplier 20

predetermined intervals, instead of ing th litude A i
R R M A
. %Ifﬁ%ﬁﬂw@&mimﬁaaﬁa%s&\éqm%@@g%hegm%@ue&z@m@rmf,ne&qual

er _the number N is equal to or more than four (Step 105). Upon
determinipgr ghSiepthabshalitid himbetddsnemddierthinrefoha! the laundry is

controller 20 temporarily stops the, rotation, of the, rotary drum 2 (Ste
106yt deie %w@wm@ﬁnéh&%ﬁ@}faﬁ%ew fe&ihiriany drgshod
eﬁeﬁqte%hhetﬁ%)fe‘éﬂ&’i‘@%lﬂ@ RIORESS ALRIRP H02-H 1he pHMRE! Mg aqush mm
to or more than four at Step 105, the controller 20 determines that the
untapgling:Pracersat Siepihaaifails Wielimitixelthendwceassilistuibaiehca the
of the laundry, and determines whether or not the number N is equal to or

tmh@xeeﬂgavrrilrmlvazlmﬁmd@m%ﬁg@épsr@%ﬁt%% BTN BEENAL SR R stant
an 10, the controller 20, suppli ter to th I |
B B A oe MRS (e BAr S i T iRy s

[ er i)
ce of thé laundry the process at Step

110 §ipilasdoihenrosessdSier 1 dhasoniroies?Q @ cohtmwlsiheosition
motor 5 to rotate the rotary drum 2 at a predetermined. untangling speed
(esgndBrepm) Dy HiBangiel |Srierdbem 80 degnees B signals at predetermined
intervals, instead of comparing the amplitude Arir with the threshold Al11.
If the controller 20 determines at Step 104B that the laundry is
distributed in the excessive unbalance, the controller 20 determines whether
the number N is equal to or more than four (Step 105). Upon determining
at Step 105 that the number N is smaller than four, the controller 20
temporarily stops the rotation of the rotary drum 2 (Step 106). Then, the
controlier increments the number N by 1 (Step 107), and executes the
untanghing process at Step 102.
If the number N is equal to or more than four at Step 105, the controller
90 determines that the untangling process at Step 102 fails to eliminate the
excessive unbalance of the laundry, and determineé whether or not the
pumber N is equal to or more than 10. When judging at Step 108 that the
aumber N is smaller than 10, the controller 20 supplies water to the rotary

drum 2 to eliminate the excessive unbalance of the laundry (Step 110). In

the process at Step 110, similar to the process at Step 102, the controller 20



smaller than 180 degrees so as to lift the laundry up to an angular position
larger than 90 degrees and smaller than 180 degrees and stops the
rotation 5 abruptly. Then, the controller 20 rotates the rotary drum 2 in a
reverse direction by an angle smaller than one turn so as to lift the
laundry up to an angular larger than 9Q,degrees and smaller than 180
degrees, and stops the rotation abruptly. The controller 20 further rotates
the drum 2 in the previous direction by an angle smaller than one turn so

a%égtggi%h%llt%ug{j{%)% 0 Q(gox%'%a%@g%%r 98%@9“&?9% than9Q degrees rmined
and sma lef than egrees and stops the rotation abruptly, thus _
repetifiyehnEotaling the grum asevatalyai himeperatigarapplies #latgerees and
inertia force to the laundry attached onto the side wall 2E of the rotary
dremeBererhandsthd dgueeipofionianiiside \liﬁﬂ‘%ﬁfﬂhéi?o‘i%&rﬂﬁﬂ%‘;%ﬁammn
drops the laundry.in a direction 15.0ppgasite 1Q the direction in_whj -
|atiH&RF isted B‘?%‘fﬁgso%%é)a ioR 1%%t§%% eggﬁgle& ?gr%eg\%%&]‘lgﬁn 5%?%%%%1011

5 Moying,the lapindry alongdhe @levate ratatian inoppasite ditaations, angeverse
distributes the laundry uniformly in all the frontward, rearward, leftward,

anitmighiwalrgl directigiessim dherotay druiven 20 e hiinibedanidrp we to an

Step 108, the controller 20 determi that th b
S ool 20 et o ol L it o
the aperation ol b drumRe WASNiDGmAchine L (HaRAO: 116 2 in the

iy
contrafler 2 ot determine, for a predetermined period of 25 time,
at Step Q4B thatsheniaunday iddheeXeesdive unbalancey the toonfrsherlaundry

20 controls the motor 5 to increase the rotation speed of the rotary, drum 2
10 to uhetprimmanEdenanerstitiorafde g “8qdRanest t@‘ﬁz@ﬁﬁz”) bef“th‘%]"an 180

20 ST oo SOOI s o g
arcuately. This operation applies a larger inertia force to the laundry
attached onto the side wall 2E of the rotary drum 2, removes the laundry
from the side wall of the rotary drum 2, and drops the laundry in a direction

15 opposite to the direction in which the laundry is lifted up. This operation
untangles the removed laundry while moving the laundry along the arcuate
rotation in opposite directions, and distributes the laundry uniformly in all
the frontward, rearward, leftward, and rightward directions in the rotary
drum 2.

20 If the number N is 10 at Step 108, the controller 20 determines that the
unbalance of the laundry is not eliminated, and indicating the excessive
unbalance while stopping the operation of the drum type washing machine 1
(Step 109).

If the controller 20 does not determine, for a predetermined period of

25  time, at Step 104B that the laundry is the excessive unbalance, the controller
20 controls the motor 5 to increase the rotation speed of the rotary drum 2 to

the primary resonant rotation speed {e.g. equivalent to 120Hz) of the
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may conduct rotate the rotary drum 2 at a rotation speed (e.g. ranging

from 120 rpm to 140 rpm) which is close to the primary resonant rotation
speed. 5 While the rotary drum 2 rotates at the above speed, the

controller 20 determines the front unbalance and the rear unbalance of

the laundry based on the displacemenig SFLR and SFFR. and the

amplitudes AFLR and AFFR of the vibration at the front portion of the
washtub 3, the reference level 131, and the increase AB by the above
methed, The, controler 20 fuher dRterNCs AR ORGSR UBecd. for
unba ance an the ‘excessive rear unbalance of the laundry (Step 111B).
Alirsnativehininl oeiEn o sletarit@rap SEEP\L11Bt \Bhethét tHe thundnytiepller 20
distributed in either the front unbalance or the rear unbalance, the .
con;mﬁlonenci@cmwm@hﬁiﬁ@%ﬁ&téﬁé%arﬁr@i%fﬂéﬂ%ﬂ@aeﬁ1 &-fgReing from
unbalance when the amplitude AELR of the vibrati WAL,
R e F T e e
ofithadibrigtion alengithenfrontwatd and regiwasd dicestien & Rikandontroller 20
determines that the laundry is distributed in. the rear unbalance when the
amplittoénAF ER 6fahé vibationcalond the lefanarabatansgrividie Wiredinbased

LR is smaller than the amplitude AFFR of the vibratign along the_frantw.
BT BT EFEHenEt e et B o B YA the

en '9%{&%9% thednergase &%ﬂﬁwgﬂﬁ@lm@a@ SFER: AtiStepchlbBell®1, and

controller 20 determines that the laundry is distributed in the excessive
framtunbalanea Bibenithe hovplitueehad L R blthenvitraein B @lovighere determines

leftward and rightward direction LR is eq(lual to or larger than a threlshold

AThealtPHDES TIPS deteiHiecthat e 1AENGT S ATSitE THAE 2 °F 0

R I RGeS s s
AlgySimilarly, thecontrallgr29iBvtdeteraites ahSteprl dihthiattteor the rear
laundry is in the excessive rear unbalance when the amplitude AFFR of .
thewvilbrbdiore atbag-thdfeblemvdPdany fetewage that the laundry 1s distributed
in the front unbalance when the amplitude Arir of the vibration along the
leftward and rightward direction LR is equal to or larger than the amplitude
Arpg of the vibration along the frontward and rearward direction FR, and
determines that the laundry is distributed in the rear unbalance when the
amplitude ArLg of the vibration along the lefitward and rightward direction
LR is smalier than the amplitude Aprr of the vibration along the frontward
and rearward direction FR, instead of the method shown in Fig. 5 employing
the increase AB of the displacement Syrr. At Step 111B, the controlier 20
determines that the laundry is distributed in the excessive front unbalance
when the amplitude Apir of the vibration along the lefeward and rightward
direction LR is equal to or larger than a threshold AlZ, and does not
determine that the laundry is distributed in the excessive front unbalance

when the amplitude Apir of the vibration along the leftward and rightward

direction LR is smaller than the threshold A12. Similarly, the controller 20
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dlrectio_n FR is equal to or larger than a threshold A22, and does not

determine that the laundry is distributed. in the excessive rear unbalance

5 when the amplitude AFFR of the vibration along the frontward and

rgarw_ard direction FR is smaller than the threshold A22. In general,

V|brat_|on, particularly the component of-the vibration along the leftward

and rightward direction LR having a frequency close to the primary

resqnant rotation speed of the washtub unit 7 is larger than vibration

[‘ %Q%ﬁ%%q%egigpcﬁﬁ%ﬂ&%&% $5EANEANRY Kasanantelatienepeembialance
IS'respect, thethreshold A12 at Step 111B is set to 40 mm which is

laygenthan saepthresbolgwAl(REmibrTthentresiolboRonsvsatdaadetrarvard

smaller than 24 mm. If the controller 20 determines at Step B that the
|aimmyt§i>sxl FBrisuetiil the SXcESHGE fFBﬁPuﬁbé%ﬁé%%&tﬁ%zl%lx@e%‘giv&eoes not
rear unbalance, the controller 20 i gther

IS TRITERE l@jigte]ii?he;ﬁ%l %Erir relzgitel;?r1 Stﬁ%an o%&fil'nﬁté%?#ég%gggller ZOQrErlg?/Iance

e@%ﬁ%ﬂéea%ﬁgﬂ@%ﬁ%"é@%ﬁ@kfﬁjmﬂaﬂﬁawm@aileefmirtanteﬁdhand rearward
excessive unbalance at Step 110, or may stop the operation of th

gy@ﬁeua‘sslninﬁma@mmm-eat Step 109: [Hinesbotdrolé 20%&%‘659% ration,
etermine, for a predetermine riod of 20 time at
| DA LISt BE &R rdﬂiﬁgx%?gggi%nfﬁoﬁ?% ﬁ%%%#éga (?r"ft t%g& Wgeward

ex(ﬁ_%gésti\l/c?%rﬁﬁr H%ﬂgﬁcﬁe%ﬁeﬁ%ﬁr%ocﬁﬁ RiFaisa thedpotansd totation speed

increase the rotation speed of the rotary drum 2 to the secondary
VG%MW&XEEHQB sReeT elgrequiaieni ko 240 e on e IRAHEEY GHET o the
and to maintain the resonant rotation speed for a predetermined 2 [

) ‘ L io :
gﬁﬂﬂgfe@@b ffgnwt@f@&%wﬂ?e coRtiter S5y D eeg*’?’(?t&af?“ o
) %F&ﬁ ﬁ ?%aslgtnt%p%? d (€9, 1anging from, 141 ipah o330y Ahiels mm).
is e n’ he speed at .tep 111B and is close to the secondary 28
regaaptsotatianspeeds While netatingdhBeaotayndzdrmenat the above
rotation speed, the controller 20 examines the front unbalance and thle .
rear If the controller 20 determines at Step 1115 r‘shat rghe aundry 1s

distributed in the excessive front unbalance or the excessive rear unbalance,
the controller 20 examines at Step 105 whether or not the number N is equal
to or greater than four. Then, the controller 20 may execute the untanghng
process at Step 102, or may eliminate the excessive unbalance at Step 110, or
may stop the operation of the drum type washing machine 1 at Step 109.

1f the controller 20 does not determine, for a predetermined period of
time at Step 111B, that the laundry is distributed in either the excessive
front unbalance or the excessive rear unbalance, the controller 20 controis
the motor 5 to increase the rotation speed of the rotary drum 2 to the
secondary resonant rotation speed {e.g. equivalent to 240 Hz) of the washtub
unit 7 and to maintain the resonmant rotation speed for a predetermined
period of time (Step 1124). At Step 112A, the controlier 20 may rotate the
rotary drum 2 at a rotation speed (e.g. ranging from 141 rpm to 330 rpm)

which ig higher than the speed at Step 111B and is close to the secondary
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unbalance of the laundry based on the displacements SFLR and SFFR

and the amplitudes AFLR and AFFR of the vibration on the front portion

of the washtub 5 3, the reference level Bl, and the increase AB by the

above method. Then, the controller 20 determines whether or not the

laundry is distributed in the excessive front unbalance or the excessive

rear unbalance (Step 112B). At Step 112B, the controller 20 determines

that i[hedlaundry Is distributed in the excessive front unbalance when the
amplitude AFLR. of the vibratj long.the 10 Jeft jaht

GBI, RIS 50Tt b e ASAGl) TR and cnes g e above

determing dhat hedaundeya distibutas indbe Bxdessivenfraninenbaidngde: rear
when the amplitude AFLR is smaller than the threshold A13. Similarly, the

caniballenad deterrhinesiat Bispd 0RB Mhalist dsemaryiis Saisuipdedin iyt the
excessive rear unbalance when the_amplitud FR of the 15 vibgali
alomep e drsriwdrd 2 Fia ik H@&?&?ﬁﬁ%ﬁ%@%ﬁﬁ&%ﬁ“th% & yrashtub

rlarger than a

threshold A23, anq doespot, daterming thatihepapadpeisindBanethod. Then,

excessive rear unbalance when the amplitude AFFR is smaller than the
thigshelgh AR R iiedbreshold At BethStepr k2B e detitolps imdivutilortesd in the

equal to ‘the threshold Al. The threshold A23 is set to 20 mm which is
e sk 2OV TR tHrabAME 0 I The REHRASHER f@aﬁe'ﬂé’ﬁi’ﬁiﬁé’sc%t a1y A

that the dry is distributed in the ive. fron -
R o R e

whether prones dhe sauntNdsweauat e ongiaates tan fduheTibnasien along the
described above, the controller 20 executes 25 the untangling process at
Stéfi02:conimightastie dixesssved disakmical feadigRe T Sp 2rgreshold
or stops the operation of the. drum type washing maghine,1 at :
2O InBbAEN AP0 A6 St DRI Tor T H AL Ay o sl

time a4 Si5p1425 {hatihe ,Aundindsaistibuted indhe.excessive frepthold A13.
Similarly, the controller 20 determines at Step 112B that the laundry 1s
distributed in the excessive rear unbalance when the amplitude Arrr of the
vibration along the frontward and rearward direction TR is equal to or larger
than a threshold A23, and does not determine that the laundry is in the
oxcessive rear unbalance when the amplitude Appr is smaller than the
threshold A23. The threshold Al3 at Step 112B is set to 25 mm which is
equal to the threshold Al. The threshold A23 is set to 20 mm which 1s equal
to the threshold A2, |
If the controller 20 determines at Step 112B that the laundry 18
distributed in the excessive front unbalance or the excessive rear unbalance,
the controller 20 eﬁamines at Step 105 whether or not the count N is equal to
or greater than four. Then, as described above, the controller 20 executes
the untangling process at Step 102, or eliminates the excessive unbalance
the action of Step 110, or stops the operation of the drum type washing
machine 1 at Step 109.
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unbalance or the excessive rear unbalance, the controller 20 controls the
motqr 5 to rotate the rotary drum 2 at a reference rotation speed (e.g. 5
ranging from 880 rpm to 900 rpm) which is higher than the rotation speeds
at S_teps 112A and 112B for a predetermined period of time (Step 113A).
While rotating the rotary drum 2 at the ggove reference rotation speed, the
controller 20 examines the front unbalarice and the rear unbalance of the
fgfgy bas%d on the displacements SFLR and SFFR and the amplitudes

nd AFFR of the vjbratio ne frant part i
the refi?é%@ec?g&]é%&? al%n% & r%%e%g[f%{ 9{% Tr?gakgg\% %ﬁ%&c%ﬂé%%r%’ fod of
the.sonirolier 20 daterpinesiuhpihensey notdhedfundy is distribetessine front
the excessive unbalance or the excessive rear unbalance (Step 113B). At
SieghilaRcthe ﬁmtwﬂes@'@we@@wﬁ@iﬁa@ﬁaé%ﬁ%ﬁv&ﬁ&& Buiethels the

the excessive 15 front unbalance when the amplitude AFL
viBRaSn 2I8hg BefetRardOHHd rifitard %?reagtfgﬁgfﬁ% er%;ol%I]qtlg)(anorS peed (e.g.

5};%%%9 3 {hresh it A4 guad slapsnet K etermine that henlavndnids speeds

ted in the excessive front unbalance when the amplitude AFLR is
smallercihan he threshold A T4 SimitalegetieivontisiedOtisEmitEerati 134

Step 113B that the laundry is 20 distributed in the excessive rear .

D AR e YR AR b & ABHRISITRIONG R TsRuaBead e
and rearward,direction FR | I t r

P Rt iy CE A s e unbance

whenih litude ARERiis sratientaatrthea titr ésheldRtheThmplitudes Arir
thresholds A14 and A24 at Step 113B are set to be 25 eq

[ to th
fjhresliddsaﬁoﬁlamdihﬁﬁlmsft@ﬁ@%%é&‘ﬁi@é@i@@@?ﬂé‘%&%ﬂt&%;}f&eference
etermines at Step 113B that the layndry.is_distri di fr
exé%@i@uﬁﬁglﬁﬁérb?ﬂﬂa@ee% gg i@gerggrogﬁl%f}ﬁ?ég ng %% (%{r%tgglrllgouer 20
20&&%@#?&?@@%%@%95&%%6&% natihepurmbehtisegdaliiothe excessive

greater than four. Then, the controller 20 executes the untangling

unbalance or the excessive rear unbalance (Step 113B). ~ At Step 113B, the
coniroller 20 determines that the laundry is distributed in the excessive
front unbalance when the amplitude Arir of the vibration along the leftward
and rightward direction LR is equal to or larger than a threshold Al4, and
does not determine that the laundry is distributed in the excessive front
unbalance when the amplitude Arir is smaller than the threshold Al4.
Similarly, the controller 20 determines at Step 113B that the laundry is
distributed in the excessive rear unbalance when the amplitude Apyr of the
vibration along the frontward and rearward direction FR is equal to or larger
than a threshold A24, and determines that the laundry 1s distributed in the
excessive rear unbalance when the amplitude Arppg 1s smaller than the
threshold A24. The thresholds Al4 and A24 at Step 113B are set to be
equal to the thresholds A13 and A23 at Step 112B, respectively.

If the controller 20 determines at Step 113B that the laundry 1is

distributed in the front excessive unbalance or the excessive rear unbalance,
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process at Step 102, or eliminates the excessive unbalance at Step 1.10,

or stops the operation of the drum type washing machine 1 at Step 109. 5

If the controller 20 does not determine for a predetermined period of time

at Step 113B that the laundry is distributed in the excessive front

unbalance or the excessive unbalance, the controller 20 controls the

motor 5 to increase the rotation speedg f the rotary drum 2 from the
reference rotation speed towards a target rotation speed (e.g. 1600 rpm)
which is the 10 maximum rotatign s rup All

B CER OG0 RSB BieToratcn Sobtn e o Nk KB qual

contraller 20 examipesthe froptunbalapes anidtheoreacuahalahee withegling
laundry based on the displacements SFLR and SFFR and the amplitudes

AFtdReanth ABER dfibeovibrativraethiderercpaitin Wiianes ub SN 0, or
reference level B1, and 15 the increase A b%%he a?fo e

thaod, ,
R 0 LA TR R B TG v e WA

in the SSIVEL oM. MaRAlaNce O B BXRAS VB F 6ADhYBhAlaREe e riod of
114B). At Step 114B, the controller 20 determines that the laundry is
digtriRutaddrcihe exBeskive tfrortumidaiancedidtem tiedamplifilenrERYST front

the vibration along the leftward 20 and rightward dir ctiothR iS eghjﬁ%lﬁto cor 5
oriakhgerHsan B IR eSHORFINE S 2860 TSt R TH LTS J8U HEH e v ©

distributed in the excessive froni u C li (B prone
ST AT ot R AT AT o oo 20 G e a2
SteR A14B dhat dhelauntly isa distrifutiesn theexdessiuéosarumbathnde is the
when the amplitude AFFR of the 25 vibration along the frontward and

rearweird whractiotiGiRsisceduditiechiary & (Biah Althfeshdltbalodbggigsrgirum
not determine that the laundry is, distgibuted. jn the excessive I .
AR R BB TE AT o Ahar S G G g L garines the
A2, since the, totatign spagd pfihe datanadume? isthighah3iepbiddd, on the

the controller 20 sets the threshold A15 to 12 mm which is smaller
displacements Srir and Srrr and the amplitudes Arrr and Arrr of the

vibration at the front portion of the washtub 3, the reference level Bl, and
the increase AB by the above method. Then, the controller 20 determines
that whether or not the laundry is distributed in the excessive front
unbalance or the excessive rear unbalance (Step 114B). At Step 114B, the
controller 20 determines that the laundry is distributed in the excessive
front unbalance when the amplitude Arir of the vibration along the leftward
and rightward direction LR is equal to or larger than a threshold A15, and
does not determine that the laundry is distributed in the excessive front
unbalance when the amplitude Aprr is smaller than the threshold Al5.
Similarly, the controller 20 determines at Step 114B that the laundry is
distributed in the excessive rear unbalance when the amplitude Aprr of the
vibration along the frontward and rearward direction FR 1s equal to or larger
than a threshold A25, and does not determine that the laundry is distributed

in the excessive rear unbalance when the amplitude Arrr is smaller than the
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than the threshold A14 due to physical strength of the washtub unit 7, and
decreases the threshold A14 as the rotation speed increases. Similarly,
the 5 controller 20 sets the threshold A25 to 10 mm which is smaller than
the thresholds A24 and A15, and decreases the threshold A25 as the
rotation speed increases. Alternatively, in order to determine at Step
114B whether or not the laundry is disttouted in the front unbalance or
the rear unbalance, the controller 20 may determine that the laundry is

distributed in the front 10 unbal hen.th litud t at Ste

RTIGS orne BAT e A o o LR b o opeh  Ser

laﬁgﬁthﬁ%} the, amplitnde AEFRR RE thercdhration \long thentiankwidet andmaller
|

rearward direction FR, and determine that the laundry is distributed in the
rearawnbalanae sbeh AetatnplituddyaiaR o theihorhiba Mapttfounit 7, and

leftward and rightward direction LR is 15 smaller than the amplitude AFER ;.
oAbt e RSt B R ARRaTA BIGBBAER inSlad 51

Jinstéad o

fng%%%gir%d r?f{zg\évé}énﬁ%tgreemd?% i Q&Bh%o ingrease ARioh the smatler than the

the controller 20 does not determine at Step 114B
that thenlagadnyis distribised initie @xeessivddrohtestvathrconshde rotation
excessive rear unbalance, 20 the controller 20 determines whether no}t1
g@ 5 ether

therretdtionrepeest of dheroetiy eliru orsachedaHa PR AotARBN-S
(Step 115). If the controller 20 determines.at St t th Te]a
Sp%ﬂ%fﬂ%ﬁ E{BrB g Sfrrlgé% <§ Suﬂli]“h f?oz% %%&&1501&3 e nbalance,

e target rotation speed, the

coptroller 20umaiain.hadptationaetion gidhedatary draiei2itthé target front

rotation speed 25 for a predetermined period of time (Step 116A), and
stapssiie fotatitr ofttie arotdiyudemrex Stehe Vibre evmeng (e leftward and

dewatering process. If the controller 20 does not determine at.Step 11.5
s S TORA G EEE LS SHOT b SRt ) T e A2 of ehe

Sp%%:l a} 1er§: antrr? "etr %Of% HE@EC&%@%&M&@Q@%%@L&E@F%@B% determine
speed 0 the fota dl}um gtowards the
that the laundry is distributed in the rear unbalance when the amplitude
Arir of the vibration along the leftward and rightward direction LR is
smaller than the amplitude Arrr of the vibration along the frontward and
rearward direction FR, instead of the method shown in Fig. b employing the
increase AB of the displacement Sprz.
1€ the controller 20 does not determine at Step 114B that the laundry is
distributed in the excessive front unbalance or the excessive rear unbalance,
the controller 20 determines whether or not the rotation speed of the rotary
drum 2 reaches the target rotation speed (Step 113).
If the controller 20 determines at Step 115 that the rotation speed of
the rotary drum 2 reaches the target rotation speed, the controller 20
maintain the rotation action of the rotary drum 2 at the target rotation speed
for a predetermined period of tifne {Step 1164), and stops the rotation of the

rotary drum 2 (Step 117) to terminate the dewatering process. If the

controller 20 does not determine at Step 115 that the rotation speed of the
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target rotation speed. While the rotary drum 2 rotates at Step 114B, the
controller 20 examines the front unbalance and the rear unbalance of the
5 laundry based on the displacements SFLR and SFFR and the
amplitudes AFLR and AFFR of the vibration at the front portion of the
washtub 3, the reference level Bl, and the increase AB by the above
method. Then, the controller 20 deterrfitnes whether or not the laundry is
distributed in the excessive front unbalance and the excessive rear

unbalance. 10 If the contrgller 20 determines at Stgp tJﬁ]é“'cB H‘E%ﬁ@? 90 controls
|ASREEY i4T AR tbtRBEFR B e KRRV FROHPLIABETANCE or the ‘excessive

rear unbalance, the. contrgller.20 maintain. herrptation Astianeh thesaiants the
drtim 2 fora predetermined period of time at the rotation speed (which is
highekthan dbenrefarence Wiidiothspead:andiowet theim the tr§éep 1148, the
rotation speed) at which 15 the controller 20 determines at Step 114B that

theolatanbley & WiexiBtiteerifhend exkadNEaRsH: TRDAARCEF fabalance of the
excessjve rear unbalanc tep 116B).«The n )
rolah8 rgf%q er%t%n gle &éf%[agemen%g ik Qa@%ﬁ% _Hﬂ&esrh%oa% R8s Arix

ry drum 2 1o terminate the dewatering process (Step
1104 The predaterminashpesioghefrine poriitapdtlbl fonshaintainthg thderence
rotation speed of the rotary drum 2 is longer 20 than thefredetermined
peiod] @ time dtStepatesefdBraittarmhevn aeahgé: rofdtich spesarrolier 20
the rotary drum 2. As set forth above, the drum. t ashingmaghine.d . font
TR T R it ISR b e ot CRilEstve fron

unbajance at the primary. Jesenant refafianskeed and the secondary

resonant rotation speed which 25 may produce abnormal vibration on the

washtuljuniie’,@nerraliablppratectmisew ashtSvepnil ¥4Foriglodbeing whery i
abnormal vibration and noise. The drum type wash&r;gg machine 1

acdsrbufiuptedria hLOHITENLZED BRI INE BISHIBLES B the TAlndy 2
gia ﬁd gnntcgglﬁa@qgug}eeﬁx?t%r} ht%?p ?@éﬁﬁ;ﬁf the;sionglspsushtas,valtage 2 for a
g s or current signals, output from

predetermined period of time at the rotation gpeed (which is higher than the
reference rotation speed and lower than the target rotation gpeed) at which
the controller 20 determines at Step 114B that the laundry 1s distributed in
the excessive front unbalance or the excessive rear unbalance (Step 116B).
Then, the controller 20 stops the rotation of the rotary drum 2 to terminate
the dewatering process (Step 117). The predetermined period of time at
Step 116B for maintaining the rotation speed of the rotary drum 2 is longer
than the predetermined period of time at Step 116A for maintaining the
target rotation speed of the rotary drum 2.

As set forth above, the drum type washing machine 1 according to the
embodiment 1 efficiently detects the excessive unbalance at the primary
resopant rotation speed and the secondary resonant rotation speed which
may produce abnormal vibration on the washtub unit 7, and reliably protect

the washtub unit 7 from producing the abnormal vibration and noise.

The drum type washing machine 1 according to the embodiment 1



the vibration sensor 40. The signals vary according to the change of the
displacements, the rotation speed, and. the acceleration, and released

from 5 the vibration sensor 40. The drum type washing machine 1 detects

the distribution of the laundry based on the displacements SFLR and

SFFR of the washtub 3 along the leftward and rightward direction LR and

the frontward and rearward direction FR, respectively, caused by the
vibration. Since the displacement 10 SFLR of the washtub 3 along the

leftward and rightward direction LR is _similar, [

P EHETATH S G TG Ll SR e Ao o o . the

C%LTEQLJS%?%@%Y giectihe distribvtien akthaslaundiyhasegmatheutput from
displacements SFUD and SFFR. Alternatively, the distribution of the

latindryiaside setected(basBtconi drakiisplazensemdnes f 1 eghange of the

vibration at the front portion of the washtyb 3 along.a direction
DEHSEIRIETIAR D tHe BIRF RSB Hnd e R ISEe et S it elsashd from

vibration in.parallel to.the rotary axis 2A. The drum type washing machine
Paalleld9.thg rotary ype g
> %l;é gé?sr%e(%%tﬁﬁutlon of the laundry based on the displacement of the

vibratiomigs thedrent;pertiencfithe washiute 31 Siatecthetivavéferrissicneol the
20 displacements SFLR, SF.TR, and SFUI) shown in Figs. 3A to 3 8 oth
clésandmsimesahoadndirnlarsmaan obme ﬁﬁgs%@%ﬁa%ﬁ%‘ﬁ?ﬁglw adgine the

the waveforms . does not change even afer WaVe (PrNSA81L and rward
di%ﬁﬁ?ea%(} i %%?gt%]a& %ee(é%éﬁ%?oﬁ(;? Z%Q%f the drum type wa&}slhingjgealw
maghing L aerordingteithey exnhegimsgntlmayisieieiotthe Histriitiodi gf e ment
laundry based on the speed or 25 acceleration of the vibration at the front__ .
10 poRion of theewaishib!3. STdopresdwt ietiartioh ROFOTIRREERTY AE Sl LR 19
embodiment. The drum type washin hine according to the . d
invVaRtGH cih % GERIAGHEGRS ﬁ]ﬁB‘glgﬁit%eofWﬁg gﬂﬁ ry%got e%(f?asﬁw axd an

drud@v?ﬁ(%@fﬁ‘kﬁ@e@}?oﬂa@@ﬂr}{ﬂé bigseditovwends thedetiamief tewgianyon of the

drum, hence being ‘
laundry based on the displacements Srup and SFFR. Alternatively, the

distribution of the laundry may be detected based on the displacement due to
15 the vibration at the front portion of the washtub 3 along a direction
perpendicular to the rotary axis 2A and the displacement Srrr due to the
vibration in parallel to the rotary axis 2A. The drum type washing machine
1 detects the distribution of the laundry based on the displacement of the
vibration at the front portion of the washtub 3. Since the waveforms of the
90  displacements Sprr, Srrr, and Srup shown in Figs. 3A to 3C are close to sine
waves, the relationship of the phases and the amplitudes of the waveforms
does not change even after the wave forms are differentiated or integrated.
The controller 20 of the drum type washing machine 1 according to the
embodiment may detect the distribution of the laundry based on the speed or
o5 acceleration of the vibration at the front portion of the washtub 3.
The present invention is not limited to the above embodiment.

The drum type washing machine according to the present invention can



applicable to a drum type washing machine which executes a certain
process when the laundry is distributed in excessive unbalance. 5 35
What is claimed is: 1. A drum type washing machine comprising: a
housing; a washtub unit including 5 a washtub accommodated in the
housing, the washtub having an opening provided therein and a bottom
thereof located opposite to the opening?‘*a rotary drum accommodated in
the washtub, the rotary drum having a side wall and a bottom, the side

wall of the rotary 10 drum having a cylindrical shape in parallel to a rotary
adsteEbotbRe Jrthalitan ﬁhﬂa}?éi‘ﬁg@ftdgtégeoﬁogﬁ é% régt%‘ﬁr/n a?(??segn‘gal{gn the

faﬂr{gﬂ}e bottpm aofthe washtyl, theriaty druRoeing 3dapiad hence being

acéommodate a aundry therein, the rotary drum having an opening which

is sitwaiahRNithe detaty s aadhoppesithinthelbottereofthe aotirain process
drum, the opening of the rotary drum 15 communicating with the opening

of tHecwablatlindest ot HRIMEBEiHY ST EBR WHOHETHE rotary axis, and
a motor fixed to the bottom of the washtub and joined to the bottom of the
rotary drum for rotating the rotary drum about the rotary axis; 20 a.
damper for elastically supporting the washtub at a supporting position; a
controller for controlling the motor; and a vibration sensor for detecting a
vibration of the washtub, wherein
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25 the rotary axis of the rotary drum extends horizontally or inclines
downwardly from the opening of the rotary drum.towards the bottom of the
rotary drum, 36 the supporting position and a center of gravity of the
washtub unit approximate to the motor from a center plane which passes
a center of the washtub and which is pggpendicular to the rotary axis, the
supporting position is distanced farther from the motor along 5a -
horizontal direction than the center of gravity is, the vibration sensor

ouipuls A first.signal:and a second signal corresponding to a component
of vibration of a portion of the washtub along a first direction and a

comporierit df e tyibeationtaniaseasrePEIEEEBIE: perpendicular to the
first direction, respectively, the portion of the washtub 10 being between
the center plénlé(’b‘lsfﬂg’washtub and the opening of the washtub, and the

controller detgrmings,Hased @aithe fEst signal and. the second signal

output from the vibration sensor, whether or not the laundry is distributed .
in the rotary drum in a frant astialarcedmutida i farherfosdsnpidbedvashtub

from the center plane towards the opening.of Ehe rotar)(hglru

an .
wHetHarEOR M OPHRE RS e BiEhaBEB Pt FiT RS0 opposite 10

uné:ﬁalance :{Iq which the laundry is biased from the center plane towards
th&"BSHEM OFthe rotary drum. 20 2. The drum type washing machine

according to claim 1, whgreistathe fiisislirecitomispdspshdiculdretoviaghtub, the

rotary axis, and the second direction is in parallel with the rotary TX% % .
Theotiumdyperviesting mahing aiécordirgy Rotiaim ihsr 2dRRERdinopEbe rotary

it %&%ﬁ?ﬁﬁi&% Sigrmine an eieeIS S SN, WARAIRRCS KB of the
rotary drum being situated on the rotary axis and facing the bottom of the
washtub, the rotary drum being adapted to accommodate a laundry therein,
the rotary drum having an opening which is_ situated on the rotary axis and
opposite to the bottom of the rotary drum, the opening of the rotary drum
communicating with the opening of the washtub, the rotary drum being
rotatable about the rotary axis, and
4 motor fixed to the bottom of the washtub and joined
to the bottom of the rotary drum for rotating the rotary drum about the
rotary axis;
a damper for elastically supporting the washtub at a supporting
position;
a controller for controlling the motor;: and
4 vibration sensor for detecting a vibration of the washtub,

wherein

25 the rotary axis of the rotary drum extends horizontally or inclines

downwardly from the opening of the rotary drum towards the bottom of the

rotary drum,
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deter_mining whether or not an amplitude of the first signal output from the

37 V|brlation sensor is equal to or larger than a first threshold, and

determ!ng an excessive rear unbalance of the rear unbalance by

deter_mlnl_ng whether or not an amplitude of the second signal output from

the vibration sensor is equal to or largefghan a second threshold. 5 4. The
drum type washing machine according to claim 3, wherein the housing

has a Ioading/unlofading opening therein communicating with the opening

of the washtyh, saigdrum fypenashing Mnachineciuihernanypoibitig: 10aahtub

door_for opening and closing the loading/unloading opening; and an

ﬁ@ﬁt_ca'@?ﬁ{b&gnn?emgﬁt}mwi@tw Sothes SEivRg/ DMEEAMB ChpRMREgh Frater of
ousing for sealing between the d [

e e oA Mas b e openig o

axXis,
ine agcorélng to claim 1,

wherein the t%%l;s\?}l%%% &?1%'88&%9@@%%@9&@93%&%@& the motor along

communicating e opening of the washtub, said drum type washing

- maghine Jurthas reempiising: atdoanfenrafenimgant closing the

loading/unloading opening; and 20 an elastic sealing m mbeé/provide a
g Bt

0 g R Sy o A S Bt 0
corresponding to a cc?x%%]c;ene%eoql‘r}g}%%%\g?ggblﬁion of the washtub along a
first direction and a component of the vibration along a second direction
perpendicular to the first direction, respectively, the portion of the washtub
heing between the center plane of the washtub and the opening of the
washtub, and

the controller determines, based on the first signal and the second
gignal output from the vibration sensor, whether or not the laundry is
distributed in the rotary drum in a front unbalance in which the laundry is
hiased from the center plane towards the opening of the rotary drum, and
whether or not the laundry is distributed in the rotary drum In a rear
unbalance in which the laundry is biased from the center plane towards the

bottom of the rotary drum.

9. The drum type washing machine according to claim 1, wherein
the first direction is perpendicular to the rotary axis, and

the second direction is in parallel with the rotary axis.

3. The drum type washing machine according to claim 1 or 2, wherein
the controller is operable to
determine an excessive front unbalance of the front unbalance by

determining whether or not an amplitude of the first signal output from the
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vibration sensor is equal to or larger than a first threshold, and
determine an excessive rear unbalance of the rear unbalance by
determining whether or not an amplitude of the second signal output from

the vibration sensor is equal to or larger than a second threshold.

4. The drum type washing machine according to claim 3, wherein the
housing has a loading/unloading opening therein communicating with the
opening of the washtub, said drum type washing machine further
comprising:

a door for opening and closing the loading/unloading opening; and
an elastic sealing member provided at the loading/unloading

opening on the housing for sealing between the door and the washtub at the

opening of the washtub.

5. The drum type washing machine according to claim 1, wherein the
housing has a loading/unloading opening therein communicating with the
opening of the washtub, said drum type washing machine further
comprising:

a door for openiﬁg and closing the loading/unloading opening: and
an elastic sealing member provided at the loading/unloading
opening on the housing for sealing between the door and the washtub at the

opening of the washtub.



