% ¥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 with an anti-vibration damper 570 and 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 503, a 15 door 509 mQVRER tO {ErhBusSHE BIG: v APéHingLand closing the

loading/unloading opening, and an elastic sealing member 541 mounted at
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
i0 machine 501. The conventional drum type washing machine 501 including
a housing 506 having a loading/unloading opening provided therein, a
washtub 503 elastically supioorted with an anti-vibration damper 570 and
accommodated in the housing 506, a motor 505 mounted onto a rear side of
the washtub 5086, a rotary drum 502 accommodated in the washtub 503, a
15 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 h.ousing 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
20  therein. The washtub 508' 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 502A
95 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



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 20 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 502A 25
which slants or extends horizontally from the opening to the rear side. Upon the door 509 being

\‘/’Vg‘?s?ﬁgb j%%&;}%ﬁ’?r%'g%ﬁ?n?? a2” drypleaded regm thes relam Bewns 502 vis i opfealagtdd the
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 1s
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 finished, the laundry contains

10 therein a certain amount of water and is biased at the bottom of the rotary

- drum 502. Then, upon rotating at a high speed for removing the water from
the laundry at a dewétering process, the rotary drum 502 may start
vibrating and cause the washtub 503 fixedly connected 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 druﬁl along the rotary axis 5024, 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 | in

25  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



the rotary drum 502. The elastic sealing member 541 is made of elastic 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.  Since the rdtary drum 502 is extended horizontally or slants, the
laundry and water.is biased at a bottom,of. the drum when the drum is stopped. iS moment, upon
the rotar)}ra?ﬁ%%%ﬁ%sfg? ﬁ‘lcge r aatiﬁa?]t%aé Fgﬁﬁgryaglnn&vﬁa‘{gg jfaséig] g’#tﬁ}éeg%?g%%régy often produce
vibration.vAiiking washing ¢uiecastepadinsingf phodessds finishaqa thegaurightcortaitiagd Gtherein a
certain amount of water and is biased.at the bott f the rotary drum 502. Then, uppn rofating at a
high speé féire};%?‘tr? ﬁ?ﬁ@\%ﬁf}e?ﬁg | "%"i*auaﬁ@r@‘}‘ é%[egndteles “%E%er tgezlau Biae &

n
watering process,? 1grtl)staril tfrim 502 may
start vibrasingranthe ditese shé wdahint:503 thxediyrgannactéd. via the motor 505 with the rotary drum

502 to produce excessive vibration. This.vibration 15 may produce.abnarmal yibration noise on
the washing ma ﬁ’i% ‘gﬁ%mglnm gglaggvg{éﬁlﬁgﬁﬁr SCes ,Ot t(ger"cﬁl@ﬁrrf é‘?ﬂ%?é%]ezrg\%ﬁ'}[s&gfl %lz%%ed within a
wide rangeriesndeptoiispeadite avkight speta. Mthen dherlab0it iydb:dintzathe dedndlongnthéicotary axis

502A, the rotary dr 02 may gg lect excessively de en%in the rotation spegd, accordingly
striking a@%ﬁ’ﬁé‘f hoeilg%: %éls“g%ﬂ/b ‘%eacir:rgqb]r%ﬁe{c?%éﬁ ﬁo‘f%)er.a %lﬁ%u%?lf/oitﬁ%é?rggls%%%é t&e)SFaundry is
biased atta irantpartitnopkthy dfuhe alesigullh 6 0téry wxibttb2h|tthe7rotayyittae 802smayideflect
greater than the fase that t Igur&déy%sis Ibiaﬁegjztowaéols a é(?areﬁo({tiog ogh%he gls um. A% &(%ggentional
drum typél %ﬁlﬁ&%né’éﬁﬁhe drSEISSETIR 25 P00 31 PEEAA Thdllides B Vibrator densor tor detecting
componethis ohthe:vipratian aithehyashtatesid proogdiff@lentditections. th¢hdastive dealimdry is

excessively unbalapiced. the folan drym S0zuibrates 30.hat e 2is. 202A. 3 Haces & side surface of
a conical 1gpéﬂ’havmglgsarvear{“éx heid' y themotor 305 T i was n?i;; Phachine detects the position of
the laundpyehaniad) Adargswsight acogetingptotthéntéte died worepdrenstsuel vHerafii): anchdetermines

whether tgzgssl‘.?rygnggvsifsee?li%ﬁgdeltgsvt\{grsdesaltgl% fr@e%l?er}dﬁ?bzianlgntﬁgddiono;h%léo H n%nflhrg ?V%%hing
process, the rinsing process, or the dewatering process. This rigid member may cause the
vibration of the washtub 506 to propagate via the clastic 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

According to an aspect of the present invention, there 1s provided a drum type



In the washing machine 501, the frequency of the vibration of the rotary drum 502 varies depending 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 & resonant frequency of the washtub 503, the
washtub unit,507 may,vibrate excessively and produce noise.,Water drops;or splash be produced
during the T ing BEOILE < PR TRIRG, DrOSRa and A daatoig BrOCO The HHAtial of the
elastic seatimgnmedabet 51 fhis retsiivg|higidaivhiotd éatoprou ugen se glingidré shareienodgh to be
prevented from excessive compression to inhibit the water drops and the s Iasi%fo .passing between
fhe etasi2 S O L S 1 SOhSb gt i e i e R e e
the dewatesithguprabesstarhigmigidhmenshersmaywedusalthebeitoatiohofite washitbhe06ttoypropagate
via the elgstic sealing m er to the housing 506 and to. cause the housing 506 tq vibrate If the
equency o o e e L B 0 B R R S
producesHeirge svitatiornathd affectsithe anbrétiomeohthecitashtdbhaivs07ulin tthisdase dtine
conventignal dru e washing machine, 501, shown in Fig. 7 ma notng termine accurately the
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OF THE WAENTISNatecondihg totary aspeatdivfhy@pteserthinbetitiono thibrerigprodided didrum type 4
washing machine rsing: a housing;: a washtub.unijt in I%in : ashtu comm ed in the
housing, ﬁ?é’%%%ﬁ&wfgﬁ%r garnu 8%5%%%%%%\%3%%‘%@%% agﬁ én%oﬁf(;%netﬁéa?sglﬁﬁbg%?ergq%géosite to the
opening, drratabgidgunetacdten ahodatta imthey washtabd thenrotaryftheinthahin deatside afafhand a
bottom, the side wall of .the rotary drum i indrical ' llel to a.rotar éits, the
bottom of 1 }?g a?? um é?ng%itguogttg c%rif %%ﬁ%yygﬁﬁg %@5@% t?ﬁe% [5((}')ttgtl md’éa}igb\%vashtub, the

rotary drureveiary asiaptedhtopac donshastiziéyasiapndmg ieseinshing rataryugportthapingian; @pening

which is sitysiel.op,ihe relanns. 3ndapanzie I6fie boien of e Caialy Aim.dos opgaing of the
rotary drum communlcaﬁng with the opening of the was tu%, the rotary driim being rotatable about the
rotary axis;aahiutta mbtoeifixtw tmthefmi@mfdﬂ%eqmﬁkdubmmtﬁm@dhmmet@dmm wftthesotary drum
for rotating, e JGIGYY ST APNL RS [ataly Axls: AdAMBRL{ar elasiisally supporing g pashiub at a
supporting position; a controller for controlling the motor; and a vibration sensor for detecting a
vibration &qhémubﬁnmmitpme rothrst astinolf meir@taat;c@kl!dmien@nmmwlywainglineg
downwardy, g e, psping,of e ialaty diu (uares e Roltemoliug gians i e vibration
sensor outputs a first signal and a second signal correspondifig to a componerit of vibration of a
portion oftthdsvashiutxidend adirsidirentioftherpentivuideng trecondrfiredscarpmponimybnent of the
vibration directi - | e fi ireGtio r 101 axis,
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washiub, gd Ine.eanhrolls.felsmipsashased eran Amalitude, alhe e siogaland dapecond
signal output from the vibration sensor, whether or not the laundry Is distributed in the rotary drum
either in avfesiiub rabedgricBriv ngﬁom@némmmﬂabeﬂth@mbqﬁé@eﬁt@ngammctmémtéhe 4a
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unbalan which the laundry is biased from the cénter plane towards the botton of the rotary drum,

when the tbenessiter G@@@mﬁlé@th’msﬁﬁéhaﬂnhﬂlﬁs@m?m%%emﬂéh%_ﬁ@fht’fhﬁbélﬁﬁﬁ@%%r the rear
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period of time, Whiph one of the front unbalance and the rear unbalance thelaundry is distributed in.
The abovéhenimaype seashinghethehineehtisidypsldetedistibaixhtetbe sofaundryrevetheuien the

laundry is, biased 8 e JORMHMLLOMATAS A ReNmRlhe LuaRL dsm. RRIERRRSCRIPTION OF
THE DRAWINGS 5



Fig. 1 is a cross sectional view of a drum type washing machine according to an exemplary
embodiment of the present invention, Fig. 2 is a circuit block diagram of the drum type washing
machine according to the embodiment. 5Figs. 3Ad 3C illustrate profiles of vibration of a washtub of

the drum type. washing machine according tg the embodiment. Fig. 4 js a profile of an amplitude of
ibration SYRRE g8 WA OIS BESTaTG (6 RoEH TG ETORE 5 8 FTEG of the

vibration afiheddrian typeunbsbing machide the Reedrdingiashifambodimeni: bigse 6Avant 6B are
Towchary g 31 QP g e Y veSne Techie 2eipigg g gnpodment
distributed in either the front unbalance or the rear unbalance, the controller determines,
based on a change of the second signal for a predetermined period of time, which one of
the front unbalance and the rear unbalance the laundry is distributed in.
The above 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



machine. 15 DETAIL DESCRIPTION OF PREFERRED EMBODIMENT Fig. 1 is a cross sectional view
ofa 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 20 the housing 6. The
v_vashtub unit 7 includes a washtub 3, a rotary drum 2 accommodated in the washtub 3, a bearing 68
fixed to the washtub 3, and a motor 5 fixed to the®vashtub 3. The motor 5 is connected via a rotary
shaft 2B 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 25 2 has a side wall 2E and a botfam 2F joi
) : ] he | /dr joined to
the rotary shaft B tolfake th&iidtoFss idESHAIPE o oA d rﬁﬁ‘%lﬁgs @%ﬁ/ﬁr\%?ical shape

according to an exemplary embodiment of the present invention,
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 drum
type washing machine according to the embodiment.
Fig. 7 is a cross sectional View of a conventional drum type washing
machine.
15
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
90  the housing 6. The washtub unit 7 includes a washtub 3, a rotary drum 2
accommodated 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
2B with the rotary drum 2 for rotatiﬁg the rotary drum 2 about a rotary axis
2A. The rotary shaft 2B is supported by the bearing 68. The rotary drum
o5 2 has a side wall 2E 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



extending along the rotary axis 2A The side wall 2E has a lot of apertures 6 2G provided therein. The
rotary drum 2 has an opening 2C provided therein opposite to the bottom 2F. The opening 2C opens
towards a front of the housing 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 Ioading/unloa?ding opening 6C provided therein. The opening 6C
opens towards the front and is located on the rotary axis 2A for loading and unloading a laundry to be
washed in the rotary drum 2 The opening 2C, the opening 3C, and the Ioadin% nloadir&%é)pening 6C
communi@4le VEVILE dadieathBr onliR FRtERYAE IR FhE 15t SEEDAEIdMs HOWA

ownwardly from the

opening 2C to the bottom 2F of the rotar m : ' j lly. The
washtub 3HFELHRE Wé'f%@(giﬁ% %Ob%(f OITQI %JF fgggg ég%}rgeéﬁjfﬁ%%ﬁ%%gb@gﬁ?ﬁ %@F@g the rotary

drum 2, ”%%%eﬁ(gi ely, The,aRening 3Gt hetwashiuh-3 isdncated oppesitadbitile 3Tbsttom 3F. Since
the motor 5 and the bearing 68 having large weights are located at the bottom 3F of the washtub 3, the
center Glpbaravitpof frewasttuhamiti? isTheater: viose 36 a0tersidever fhe thetérb @ not at the

center Cl of the washtub unit 7, hence makin%%ge washtub unit 7 un g‘%l . The Wagsgfgajb unit 7 or the
washfub 3T shppersd Gvithdrisadrcolsdtsh 2 dErhver 268t 4 Sup irggoﬁsgﬁgo *Tfie supporting

position Q1 is opposite tq.the motor 5 about the center, (51 of gravity al r jrection 1H.
More parti]&ﬁgthyg/fﬁ’ggﬁgHbgtiﬁae&lﬁﬁoﬁ%f s dis (c%lér(lactedéL %agr{tlfger a gr%%ﬁgrﬁ(ﬁ%oéngtg%gition 1H from

the mOtor%wﬂh@gﬁgnﬁrﬁl&{cﬂr%ViIMéﬁt&lethSﬂﬁ@&-aﬂaﬁrpmﬂwmﬁw%ﬁ@tﬁgppnd fitting 75 25

fixed to an upper side of the washtub 3 and an upper side of the housing 6 for urging the washtub unit
7 (the washiab-3) tonartis.a ditectionoppebitel tnthbanottrs, Arvait Sprin§e2 e préviéd below the
supporting position Q1 of 7 the anti-vibration damper 70 and between the rear side of thghwashtub

unit 7 andthe rewmsite 8fthemdudiag e1dime AEHePRIRE7ONSIBES the WRERIIB G 75 inclining
to the rear side towards the motor 5. Thus, the washtub unit 7.is:SupRo [ i i-vibration
capaHility W%%@ﬁrﬁi@v?%’r%tféﬁadgn%? %&nd@g ggﬁa}srﬁ?iﬁgég??%r% g%% ;\& 8?2#3:&52% Si

extending perpens i%ﬂ%ﬁ &gﬁw&t&w BXISRA and, passingantiaeenter Ciief theaveshtib (the
washtub unit 7) is defined. long a direction 2H in which the rotary axis 2A extends, each of the

supportingnEsitien-Qée afitheranshvidligtio HampehTolaAditeaceite roflhHViand1ad (GEaked more
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 hottom 3F Since the motor 5 and the bearing 68 having large weights are
Iocéted at the bottom SF 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 C'1 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. _Thé supporting position Q1 1s
opposite to the motor 5 about the center G1 of gravity along a horizontal
direction 1H. More particularly, the supporting position Q1 is distanced
farther along the horizontal direction 1H from the motor 5 than the center
(1 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 washtub unit 7 (the washtub 3) towards a direction opposite to

the motor 5. A coil spring 72 is provided below the supporting position Q1 of



10 rearward or closer to the motor 5 than the center plane Siis. That is, the supporting position Q1
and the center G1 of gravity of the washtub unit 7 approximate to the motor 5 from the center plane Si
which passes the center Cl of the washtub 3 and which is perpendicular to the rotary axis 2A. The
distance Li between the center plane Si and the supporting position Q1 is 15 greater than the distance
L2 between the center plane Si and the center of gravity 01. Along the horizontal direction 1I-1, the
supporting position Q1 is not located rearward beyond the center G1 of gravity, that is, between the

I %% clo?ﬁ to the

center G1 of gravity and the motor 5. Howeve%:{{gﬁ%gg ortlngae s%’}sétl(?gfs%}ﬁ%;\:gbra%on g 1o

center 01 ttegraniy sk RediBRRERAD it ehtc & ih
portion of ihe wpshibb unit A vibyalien RENSgAGis loeatedal apesiion 3G ildbe waghtub 3
an

between t eaélpenlng e center plane Si"of the washtub 3 for detecting components of the

vibration gt fae Resitian 30 slang: diffarens diestionsarespbndisuadtothacmothers 25Aeor 9 is
provided at the loading/unloading opening 6C in the housing 6. An elastic sealin%_member 41 is
provided ahtheviosding/unliading spepingedCrotthe Huabingnsi vibetive soprotEpiEHdd, the

laundry to be 8 washed is loaded into_and uploaded from the rotar 2,through the opening 3C in
the washttbesa e BheARE AR @aﬂ}%ﬁ%ﬂ ?%ﬁﬁrfﬁ’@?ofbiﬁéfﬁ%d%gj%%%}w G BC in the

housing 3., The elastic sealin mbker41 is, - elas] I ealing
between tﬁ’ 85@? an Wg}?%é%?ﬁﬁ%%l%éﬁg%gﬁtl%%%ﬁvﬁl%a%%%%%Erﬁ%ﬁ%@tﬁév@eéi the door 9
and the washiyh B.athe eRENifek 3Gash il - il & cikcdi fiagtamidbthesddiredyipe WaBhing machine
1. The drum type washing machine 1 includes a blower fan 17 for blowing hot air into the rotary drum 2
and heatevgiSmtidelfgeneratisgihe ktials, thash ofHdng R pRYENE BOsHHOA BInEbIBE 20 monitors
an operation of each component and the entréof a command from aﬁglerigng cqcrét&ol!’if{lo%g series of

e

operationSpEHBHIAdIBY tHa WA niRbitE . e BpSlafBAY iHcllte X wISANG process for
washing the laundry, a rinsing progess far rinsi , ing; f
R T P A i e e

e rinse aun ry, and a drying process for drying the dewatered laundry.

An altenalipgutsehl Beer #1dpiragified Dyantestfiar S2 and smoditied mshstivathingcircuit
including mainly a chalk coil 33 and a smoothing capacitor 34, thus producing a direct-current (DC)
power. ThaREpomardtivehhacotds fuin tncinveter pBitadtyalbwingstse htoterter
(1 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 is

15  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,

90 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 S1 of the washtub 3 for detecting
components of the vibration at the position SG. along different directions
perpendicular to each other. |

25 A door 9 is provided at the loading/unloading 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 is opened, the laundry to be



20 to rotate. The controller 20, according to a command input from an input unit 21 and an operation
status detected by sensors, controls 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 25The motor 5 is a DC brushless motor including a stator
having three-phase wirings 5A, 5B, and 5C, a rotBr having two-pole permanent magnet, and three
position sensors 24A, 24B, and 24C for detecting the 9 position of the rotor. The inverter 26 includes

switching elements 26A to 26F for driving the motor 5 by a pulse-width mo%?}%m é%\/\i/: % method.
The positionsestbdrs Padad 2ut0 sadutalsigriars IRoating G0 H3siHER BT tha Totor and fransmit the

signals to the contr, &er Z&dire%g%g ‘&%2’@%@%&?9@qmﬂ@q&%ﬁv&w}m’%% 26A to 26F

to energizZ@HE ifree: phase wiring ator under control by the PWM method, thereby

allowing t@@a&ﬁﬂ%@%@&%@ SoRrissetermineghokatienspeed. The dastiolken2ih inohedebe rotation
speed detector 24. Every time when one of the signals output from the position sensors 24A to 24C

‘changes, thieirotation dDedpead detestrl2dureasurebhhe ferisadingdenangmghsghershd calculates

the rotation speed of the rotor based on the period. . Singe the rotary axis 2A of the rotary drum 2
extendls hengorally apaiats} e 1hBRIGHAE Whtel m?ﬁﬂg’?b‘?%fﬂmefsr‘ﬁ y%év%‘?géleéﬁé%wnward

while the rgm d%jhrg Oé}%otate i ag Vé%sctﬁtg% ggenﬁnlfgg%;@ng the rotary 15 drum 2 is supported by the

elastic ant t p%?“ and the coill 1 and 77 to the housing 6, and can easily vibrate

when the rotaryiing 2Jqtates, |9 the dewaisring:peasssyihe vaiahtiuma2liotatds afhbigher speed
ranging from 1000 rpm to 1600 rpm to remove water from the laundry. In the dewatering process, the

laundry coftaining patessfierthe2hivashingbrdeess biawerifsind privebiosriandihgy large weight

may be aggregated unevenly in the rotary drum 2. In the case that the Ial@\c%,rigiﬁ biaseltjl , the washtub
3 supportifatthehoterlediuft 21prédandsarge bk R Rt thasgsviaitg #h irff'machihe 1 with

abnormal yibration and noisg. The elastic sealingmemker 41 sealin : nd the
washttib 2584Re &h%%%%tﬁ%%ﬁolrsl'pu&ggréfl(%algllgrr? |cgr11%)1?ste$t§ |£g%§§§\§%@%}§i§sﬁ%ﬁgld?oor 9 and

the washtyh 3 to brevent yater 4{aRs Ar selasi-iem saterina.liombetween shikrdoar 2 sind the
washtub 3. The elastic sealing member 41 _
of operations performed by the washing machine 1. 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
15 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
20  to rotate. The controller 20, according to a command input from an input
unit 21 and an operation status detected by sensors, controls 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
25 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



10 is made _of relatively rigid, elastic material. This material allows the vibration produced by the

washtgb unit 7 (the washtub 3) to propagate to the 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 dr_um 502 contacts the washtub 503. WherPthe resonant vibration on the washtub 503 caused
by the vibration of the rotary drum 502 is at a primary resonant rotation speed of about 120 rpm, at a

10 secondary resonant rotation speed of about 250 rpm, or at a higher rotation speed exceeding 1000
rpm, the WASHIGH lﬂfit@@?l"%%lff‘vigr%?e%@%‘?@I)%&Hlé%%%?%gmg%én&&% Ced by §gAh)é§evereg

om, t uced by suc
vibration of the Waghtub unjt 507 is, not.eminatedy by defeqling.quis thedievieoniastiieiveen the
rotary er%ﬁtEO%%néltWél as etuIB(gé)g. ﬁ%ﬂder@éuppress the abnormal noise, 15 the washer
necessariydetects frantunbalancednwhiets theoduodi goabenivaiestaighenfrnisporiionin the rotary
drum 502 and rear unbalance in which the laundry concentrates at the rear portion in the rotary drum
502. The behavierohthe notasndiuth&6Ronalingatibvibration vmy O 6 Urdias: # M 1REES! the washtub

503 regardless of the position of the biased |laundry. 20 This may. d the motor 505 joined to the
rotary drute SoXAnerthaifashtubiso 2 Wi ahdtty %@Wa%\%g ‘%%Zgﬁ?ffﬁ 7 &&drding %:};’1 %he

embodimept,the center plane S eYtenring AEIREIEWAHL B ASIBY U RGeS 3 and

pa.ssin.g o] on‘the rotary axis ined. 25 The center G1 of gravity of the washtub
unit 7 is spaeed by HsHisiange & Hom theaeniernjaed Seand s doratedaiossrdd. thd eotor 5 than

the center
controller 20 includes a rotation speed detector 24. Every time when one of
the signals output from the position sensors 24A to 24C changes, the rotation
10 speed detector 24 measures the period of the changing signal, and calculates
the rotatibn speed éf the rotor based on the period.

Since the rotary axis 2A of the rotary drum 2 extends horizontally or
slants, 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

20 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 is
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

256  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



plane Si is. The supporting position Q1 of the supporting damper 70 is 11 spaced by the distance Li
from thg center plane Si and is located closer to the motor 5 than the center plane Siis. The
;upportlng position Q1 is more forward along the horizontal direction 1H than the center G1 of gravity
is. Ur_1der 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's]@ 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 t ?g\éibration,.t ec ntrolle76 20

ggterminei§ \/\HZ%@%N?}@'?&%HH@WS Bigiskd LB TN NAGHEM thé VentBAb MR sttoWardY the opening
or rearward from the,cen I Sit d in Fi
T e ST L e e Ap o

the vibrati® ; signals’ corresponding to a , a displacement
SFutt, and.a displagemant SRR of saeifroni pagianafiibe washiub3duedaitiretion ibas the

w_ashtub 3, respectively. The displacement SFFR. of the washtub 3 is along a frontward and rearward
direction Eﬁﬁ@f@&le’lozvitmttmxmtaglsamhezhommai@mwmemm%thé%ﬁaéhﬁmiemsﬁlong a
Ie_ftward and rightward direction LR perpendicular to the rotary axis 2A and parallel with a horizontal
direction 3heThesdisplagdement SFUD of the washtub 3 is along 20 an upward and downward direction

UD perpendiculgy to the rotary axis 2A and parallel with a veri ireetio The vibration sensor 40
according tq thigrg&ki:(?&iﬁ%%fér%% gq%p%é%%n%%s\%# ga 3%3%%3 (grfg(}n gs}(le#%(r)lr %ﬁet\gc |hg;P components
of acceler%té?geﬁoﬂ‘ﬁa‘l‘te%HB"’%@&E?%?&%D%O@”E%R’E&@&% ok adlisplacementiWihenvitiiation sensor

40 may not necessarily

resonant vibration on the washtub 503 caused by the vibration of the rotary
drum 502 is at a primary resonant rotation speed of about 120 rpm, at a
10 secondary resonant rotation speed of about 250 rpm, or at a higher rotation
speed exceeding 1000 rpm, the washtub unit 507 itself vibrates severely.
An abnormal noise produced by such severe vibration of the 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,
15 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.
20  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 S1 extending perpendicularly to the rotary axis 2A of the
_ washtub 3 and passing on the center C1 on the rotary axis 2A is defined.
25 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 S1is. The supporting position Q1 of the supporting damper 70 1s



2_5 detect one of the displacement SFLR along the leftward and rightward direction LR and the
d!splacgment Snip along the upward and downward direction UD of the washtub 3 at the point 3G 12
Fig. ??A illustrates the displacements SFFR, SFLR, and SFUD of the washtub 3 and respective
a_mpllt_udes AFFR, AFLR, and Amin of the displacements SEFR, SFLR, and SFUD detected by the
V|brat|on_ sensor 40 when the laundry weighing Séé)g 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 SETH, SFLR., and Snit) of the washtub 3 and respective amplitudes AFFR, A
. , an , AFLR,
and AFUBrofogre h‘i@bhﬁi:éﬁﬁéﬁt@@@EFf?@thﬁ??aG?dlgeﬂuﬂlanégéoaB)gt}f’ell{?f@a‘éﬁii%ﬁ%g%%o? 40 when the

laundry weighing 500Qq js distributed in the reatrunbalance | i is Biased from the
center pldits S5RFa gé% {SHRYSE BHRS ng%s’:ﬁtub@ﬁ&@%ﬁ%ﬁé@%%&%&?ém SEER,
SFLR, an S gLANsyaiyh B A sespeelive Ampliuies ARFBABLR) Rod At the
displacements SETH., SFLR, and SEED detected by the vibration sensor 40 when the laundry

weighing $0kis distibutedincentehunbirnderinattiich tvétosadhad ibbasshatne enter plane

Si. The displacements SEER, SKR, SPUD and the amplitudes /VTR, AFLR, and AFug illustrated
ctuay obtaraiad signals, &ukin s JORABES BB HEME RSO AUBE TRIPICUE font

unbalance, the rear unbalance, and the center unbalance are correlated. wi li s AFFR
AFLR, an@l% ‘ﬂﬁ%lﬁ‘ﬁ% méﬁﬁ%e@%ﬁ%@%nﬁ]ﬁm\% %@h@%%?c%ébé%%cﬂ%gv%ﬁ %négggg are sméller

E:Oem:rirg E%%‘f%%%iﬁgﬁ and ARLR-At dhefsan snbaanae.shown ife Rigt 34 Tha@mPifIdhAFLR at the
ance shown in Fig.
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 clenter plane S1 towards the opening 3C or rearward
from _the center plane S1 towards the bottom 3F and the motor 5.

As shown in Fig. 1, the vibration sensor 40 produces signals
corresponding to a displacement Srrr, a displacement Srir, and a
displacement Spup of the front portion of the washtub 3 due to vibration of

15 the washtub 3, respectively. The displacement Sprr of the washtub 3 18 .
along a frontward and rearward direction FR parallel with the rotary axis 2A.
The displacement Srir of the washtub 3 1s along a leftward and rightward
divection LR perpendicular to the rotary axis 2A and parallel with a
horizontal direction 3H. The displacement Srup of the washtub 3 is along

90  an upward and downward direction UD perpendicular to the rotary axis 2A
and parallel with a vertical direction 1V. The vibration sensor 40 according
to this embodiment may be implemented by a 3D acceleration sensor
detecting components of acceleration, however, may detect components of a
speed or a displacement. The vibration sensor 40 may not necessarily

95 detect one of the displacement Spir along the leftward and rightward

direction LR and the displacement Srup along the upward and downward

direction UD of the washtub 3 at the point 3G



3C is between the amplitude AFLR at the front unbalance shown in Fig. 3A and the amplitude AFLR at
the rear unbalance shown in Fig. 3B. The 25 amplitude AFun at the center unbalance shown in Fig. 3C
is between the amplitude AFTJD at the front unbalance shown in Fig. 3A and the amplitude AFUD at
the rear unbalance shown in Fig. 3B. The amplitude AFFR at the 13 front unbalance shown in Fig. 3A
is smaller than the amplitudes AFLR and ARM atlthe front unbalance shown in Fig. 3A. The amplitude
AFFR at the rear unbalance shown in Fig. 3B is greater than the amplitudes AFLR and Ano at the rear

unbalance shown in Fig. 3B. The amplitude AFFR at the 5 center unbalanc own i %g 3Cis
smaller than theFagapRdddIAFTR as tHESroHERRE BHEE S hoWrR in Figt 3 AMhd WéDar‘F%h e AFFR at

the rear unbalance shown in Fig. 3B. .The ampljtude Amjat the fear unbalange showp ip.Eig. 3B is
substantiaWﬁﬁ?@H@ca to 3 aﬁ‘%ﬁ%tévﬁﬂgﬁl%:htﬁlegﬁ%nfx l}ﬁgalaAn%TéR’shE?vﬁvlr?in %%g 3A. Thus, the front
unbalance; {6 feapunalance 40 andiesceniasunbaiomea Mhish thadaundivds binsddin are
correlated with the amplitudes’AFFR, AFLR, and Ariun and the rising rates, the periods, and the

phases of {he Displdesmenis SRETRI0GHL R anib§FdDnThe éomponsnilgheddispiaeeindheSFLR) of

the vibration along the direction LR and the component (the displacement SFLR)ﬁg{( th \ﬂbratio_n along
the difectidmirRlns &t tHedednfyporitheorenéanaaad 3 hiopamsinthcuRed iR aﬂﬁe 9% 2, and

are different only in the gravity, hence being similar to each qgther singe the rotation o otary drum
2 affects eﬁ@ﬁm{“;ph% di%ﬁ%d%?n@?sgﬁ%?%ﬁeec%s g%ﬁ%n eﬁﬁw%@ﬁ%raﬁ%%’ gt%ﬁeg ?r%)ntg E%%t%[on of the
washtub 3 along the directign LR vatiesdn advanceiebthg displacament SEFRrihe esmganent 20 of

the vibration along the direction FR. That is, the phase of the displacement Slits is advanced of the

phase of thiegiEniasamentshl Rz, |0 ideSsasedatctodre ysth sighificantusthsiondé of @ weight of
the laundry, the rotary drum 2 may vibrate while the rotary axis 2A tracing a side s r,f%:e of a conical
shape havitg dawendsyhekd ghithe PO isdEysiputed in the rear unbalance i whic the

10 laundry is biased from the center plane S1 towards the bottom 3F of the
washtub 3. Fig. 3C illustrates the displacements Syr, Serr, and Syup of the
washtub 3 and respective amplitudes Arrr, Arir, and Arup of the
displacements Serr, Srrr, and Srup detected by the vibration sensor 40 when
the laundry weighing 500g is distributed in center unbalance in which the

15 laundry is biased at the center plane S1. The displacements SFER, SFLR.
Seup and the amplitudes Arrr, Arrr, and Arup 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 Arvr, Arrr, and

90  Apup. The amplitudes Arrr and Arup at the rear unbalance shown in Fig.
3B are smaller to the amplitudes Arir and Arup at the front unbalance
shown in Fig. 3A. The amplitude Arrr at the center unbalance shown in Fig.
3C is between the amplitude ArLr at the front unbalance shown in Fig. 3A
and the amplitude Apir at the rear unmbalance shown in Fig. 3B. The

25 amplitﬁde Apup at the center unbalance shown in Fig. 3C is between the
amplitude AﬁUD at the front unbalance shown in Fig. 3A and the amplitude

Arup at the rear unbalance shown in Fig. 3B. The amplitude Arrr at the



25 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, 14 may cause the washtub 3 to vibrate entirely along the wash tab 3 including the front
portion since the motor 5 has a large weight. The front portion and the rear portion of washtub unit 7
are different from each other in behavior of the vibfation and the resonant vibration. Thus, depending
on 5 the 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 gﬁt also the vibration at,the rear, portion of

the washtlisBtclodeadanse isbesm 3R, Bied fhy HrsRateabhsi ?181@5’ %‘T’sél%%%ts' SUR,
SFLR, and SPUD % gh Watsguﬁ]a%aaﬂget%%gl\% %ﬁﬁge%'ﬁof tﬂgev @&ﬁl@@gﬂﬁe&@% different

directions A tReMr ot paitioh OF the Washiu nt portion of the washtub 3 is closer to the
opening 3 fhap ihejcerieralaRg ShiFithedisplacementsiSh BuSkhiland &rudraresdetected by the

vibration sensor 40 and are correlated with the components of the vibration along the three directions
at the rearpeition ehthessashhiiB ddedeaw portioliaf $18.wabhtub B isitiskertorthabdidm 3F than

the center plane Siis. Fig. 4 illustrates the amplitudes AFT,R and AFFR of the vibration on the
washfub Fentetheabhiges ARV R B ﬁ:ié-\%%ﬁoﬁ%&% thenif iﬁﬁlﬁhtggﬁé%%%(gﬁ?on close to

the bottom, 3F of the washtub 3 when the.laungyy is bja in reaf U L ich.the 20
laundry ig%%%dlﬁg’f\#%%e g?vﬁfah% g}lﬁjvr\}glr&dsaﬁlﬁ%e gggo%ﬁ@lﬁee %ﬂ%ﬁg :I%ﬂl %\\,:f sgr%twn in Fig. 4,
the amplityde ARER. of e, vibratipn.atdhe frontperipnalasgsbefrantward-ang wsswianskdirection FR
is very similar to the amplitude ARLR of the vibration at the rear portion along the left and right
direction Léhothe iselser 2B detedistthetartiplitdeletiond of the 25uybtaln utrthe fidist forion along the
frontward and rearward direction, and the controller 20 can estimate thgﬁamplitude ARLR of the

vibration attstenepehiFmiongithe foft ahdutgbhaifsenbmRabaRes bheheHRRAR S AFFR. The
0 eAN FTLPREY Al R SRt plne
operation @ﬁgo&ﬂﬁﬂ}%gégrﬁ%%@? Washing machine 1 AelemiBing, rates, the periods, and
the phases of the displacements Srrr, Srur, and Spup.  The component (the
displacement Spip) of the vibration along the direction LR and the
component (the displacement SFLR) of the vibration along the direction LR
15  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 Sprr, the component
20 of the vibration along the direction FR. That is, the phase of the
displacement Swir 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
o5 when the vibration of the rotary drum 2 is large, the amplitude of the
vibration at a position close to the motor 5 ig small, hence not causing the

position to contact the washtub 3. However, the motor 5, upon vibrating,



5 based on the vibration at the front portion of the washtub 3, whether the distribution of the laundry in
the ro_tary Qrum 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 component of the vibration along the frontward |
anq regrward direction FR parallel with the rotary axis 2A of the 10 rotary drum 2, and outputs a signal
indicating a component of the vibration along thelibftward and rightward direction LR perpendicular to

the rotary axis 2A of the rotary drum 2 and in parallel with the horizontal direction 311 out of the

components of the vibration of the front portion of the washtub 3 along the different directions. The
controller BGExtraste, Hhenv tHd1Eighald0 18 hFalaiSPHER R HORELLRCAIGH Irfréllk?g\}\flacfgléﬁl%grigh.tward

direction LR at the front portion of the washtub.3.and the dj nt SEE . tward and
rearward ARECHERFROZHR FBHEpY f)iorr]{l(c)}fot]ﬁe5’3 v%lfs%%gag ésé?? %%?ﬁs'traqtglg %?%?S%g}&%qgn\{vgh;n

along the Iefgv%de ang, fghtwars dieGliomk Ryand ihe displateroent Shohalend theeontward and

pearward 5161 |re_ct|on FR. As described above, the displacement SFLR along the leftward and
rightward gireatiesLi¥ vadesinadvansadtthedispiacsmeht SERR alBhythdFremdia® edd rearward
direction FR. When the displacement Snit along the leftward and rightward direction LR d%es not reach

i’:‘t fp)redeterthm_ewmiﬂ@féijrbﬂc}_@l]é@lﬂr_gﬁ e Jmaind RenpIREAE AR GRS AR S Along the
fvard 1At e R Sl N TN AR ol atemines

washtub 3 but also the vibration at the rear portion of the washtub 3 close to

the bottom 3F, and may produce abnormal noise.
The displacements Sprr, Srir, and Syup of the washtub 3 are the
10 components of the vibration along the three different directions at the front
portion of the washtub 3. The front portion of the washtub 3 is closer to the
opening 3C than the center plane S1is. The displacements Srrr, SrLr, and
Srup 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
15  the washtub 3. The rear portion of the washtub 3 is closer to the bottom 3r
than the center plane S1is. Fig. 4 illustrates the amplitudes Arrp and Arrr
of the vibration on the washtub 3 and the amplitude Agrrr of the vibration
along the direction LR at the rear portion close to the bottom 3F of the
washtub 8 when the laundry is biased in the rear unbalance in which the-
90 laundry is biased from the center plane S1 towards the bottom 3F of the
washtub 3. As shown in Fig. 4, the amplitude Aprr of the vibration at the
front portion along the frontward and rearward direction FR is very similar
to the amplitude Agrcr of the vibration at the rear portion along the left and
vight direction LR. The sensor 40 detects the amplitude Arrr of the
95  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



fr_ont t_anaIance or the rear unbalance. When the displacement SFLR along the leftward and rightward
d_|rect!on LR reaches the predetermined 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 5level
Bl, the controller 20 determines that the laundry is distributed in either the front unbalance or the rear
u_nbal_ance. In the case that the amplitude AFLR of the vibration along the leftward and rightward
direction LR is equal to or larger than the reference level Bl, when an increase AB of the displacement

S_FFR along the frontward and 10 rearward direction FR during a predetermined duration AT from a
time point'®t WHishviHE isplaterqe Rt QR EGRA LT e SHP RUSPEF AR t%gﬁ%gor%f;e

erence level

B1 to the reference |eve] Bl is.equal to or larger rede ' ller 20
determiné?ﬁ?ﬁf’t%e3lgu is tfstfibuted %??hg f%?tqﬁt%ﬁagnég{g/%%%Halgiﬁs?ﬁg%ﬁmaner than

15 the valyeB2. fhe eROUSlIEr 20 fgtermiTeshab i laundneissdigitabted in the rear unbalance.

A_Iterngtive Y in the case that the amplitude AFLR of the vibration along the leftward and rightward
direction LR is eguabte-atitatgertibancthehrefbrencésipeel Bihiheg merr o dsitg YBIRIABAT, the ratio

of the increase 20 AB to the predetermined duration AT is equal to or larger than a predetermined
value®B3, thewbmotibe 20kustEamifds thatoe abrtAp s %Ifs?hﬁu‘f%%sﬁﬁtﬂi %Wiﬁ%&i&%@% When the

increasing rate AB/AT is smaller than the value B3, tha contrall ' dry i
dlstributediﬁtﬁ}g?gﬁpuﬂfgé%nf%?ﬁa }bnp(graeti5%%}¥h%1§%m9t%e&%gﬁ%ﬁr{gg r%@r%}% %}}gg?eurrrlnl%r:z

from the V{B@ﬂ%h%tﬁ? frophRaition of 1he mashiui 3 aviesbanthe sistikutithefiedaindry in the

rotary drum 2 Is excessively biased in an excessive front 17
sensor 40 outputs a signal indicating a component of 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 the vibration
along the leftward and rightward direction LR perpendicular to the rotary
axis 2A of the rotary drum 2 and in parallel with the horizontal direction 3H
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,
15  the displacement Srrr along the leftward and rightward direction LR at the
front portion of the washtub 3 and the displacement Srrr along the
frontward and rearward divection FR at the front portion of the washtub 3.
Fig. 5 illustrates the displacement Seir along the leftward and rightward
direction LR and the displacement Sgrr along the frontward and rearward
20  direction FR.

As described above, the displacement Spir along the leftward and
rightward direction LR varies in advance of the displacement Syrr along the
frontward and rearward direction FR. When the displacement Spir along
the leftward and rightward direction LR does not reach a predetermined

95 reference level B1, that is, when the amplitude Asir of the vibration along
the leftward and rightward direction LR is smaller than the reference level

B1, the controller 20 determines that the laundry is not distributed in the



unbalance or an excessive rear unbalance will be described below. The laundry is biased more at the
front portion of the washtub 3, that is, more from the center plane Si 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 the center plane Si towards the
bottom 3F of the washtub 3 in the excessive rear'finbalance than in the rear unbalance. Upon
determining that the laundry is distributed in the front unbalance in the above method, the controller 20
determines that the laundry is distributed in an exces% 10 fi[é%n un?alance when the amplitude Ana
e

of the vibrEABH SRPYIRSTeRVERE AR GRRGAA Hirectiohe 8 %%P%%erl? tfai 8 predetermined

threshold Al. U determining that lau is:distrippted fropt.u hegpntroller 20
determinegl%a?%]&r F‘e‘a%ug‘{nd%]f1 fg d%??%ﬁ%tlﬁmr%ﬂ%éﬁlgﬁ PR edcRdhe, Bl R iR D

ront unbalance but not in the excessive front

unbalance.when the da-amplitde ARMhehthesvibratiomalong: heflefiwaitrant nighoaarthdirection LR is

smaller than the threshold Al. The predetermined threshold Al for determining whether or not the
laundry isldistribudedrid tHelexcesdiderrorivuribBlanca s ldger targend brauehersifeaaeterence level

B1 for determining whether or not the laundry is _distriquted in ejther the fronégzgrq?:lbtalgnce or the rear
unbafancdesthilaty thporraérelamninl HatathRIBERdNAL JREBIEGT the FAYUABAIENEE by the

above methaod tl-{i cantroller 20,determings that the laundry.is distributed in the excessive rear
unbalanceebgﬁéﬁ }E}% %r%%%iﬁﬁ%%a&% 8F tﬁéevrlgéation along S[3he frontward and rearward direction FR is

equal to or large,thap a.REedeiermivedihrashpid\2s- tipcrisleiekmninlimhdidhe fouacdy is
distributed in the rear unbalance by the above method, the controller 20 determines that the laundry is
distributechindhegiear anbaiance dutlddtndedxcessii gearthabathsceefegence level Bl,
when an increase AB of the displacement Syrr along the Vfrontward and
10 rearward direction FR during a predetermined duration AT from a time
point P at which the displacement Syrr increases from a level smaller than
the 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
15 the value B2, the controller 20 determines that the laundry is distributed in
the rear unbalance.

Alternatively, in the case that the amplitude Arir 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

20 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. |

25 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



when the amplitude AFFR of the vibration along the frontward and rearward direction FR is smaller
than th(_—:- threshold A2. When the laundry is 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 or to 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 5 and the hearing 68 more than vibration in the

excessive front unbalance. Therefore, the predetermined 10 threshold A2 fqr examining,whether or not
the laundnyrib ahistrilsute MR ESREEESIEE Fea N IRBAIK e Y@ﬁ%rﬁiﬁ%ﬂ‘%@e @%ﬁ%Wer ?f?gr{? the

predetermined threshold Al for examin hether or.not w.is glistri ‘| [
Font cnbaAHGAZE 25 QU i Ghinals SUtmL RO H A A SEiar 30ttty (et vbration a

the front portian, gf.the washiuh3, §ie capiellen 80 detsimineshstt the laundnuis disiitthted neither in
the fr.ont gnba ance nor in the rear unbalance when the amplitude APIA of the displacement SFLR of
the vibratippalengdhe-teftwarbahchightliard directionfe@iis smbiidutisan thcéiﬁrﬂéé}eérrﬁhféd reference

level Bl. That is, the controller 20 may not 20 necessarily determine, from the ampli
vel B , the con J _ , plitude AMR of the
vibration diangdhe Béfﬂwaﬁ@@ﬁ@Q@hﬁﬁaﬁ%edh%ﬁ&?EWQantﬁQ%mﬁﬁlIﬁﬁg’ FE@?Ef‘ﬁae“\l/%reation along

the frontward and reanuard diection PRy whelneror ARHiE 3ot diskiiiied 1 fhegeessive fron
excessive rear unbalance than in the rear unbalance. Upon determining
that the laundry is distributed in the front unbalance in the above method,
the controller 20 determines that the laundry is distributed in an excessive
10 front unbalance when the amplitude Arrr of the vibration along the leftward
and rightward direction LR is equal to or larger than a predetermined
threshold Al. Upon determining that the laundry s distributed in the front
unbalance, the controller 20 determines that the laundry is distributed in
the front unbalance but not in the excessive front unbalance when the
15 amplitude ApLg of the vibration along the leftward and rightward direction
LR 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 B1 for
determining whether or not the laundry is distributed in either the front
90 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 Appr of the vibration along the frontward and
rearward direction FR is equal to or 1arger than a predetermined threshold
25 A2, Upon determining that the laundry 1s distributed in the rear unbalance
by the above method, the controller 20 determines that the laundry is

distributed in the rear unbalance but not in the excessive rear unbalance



unbalance. In this case, the controller may not necessarily determine, from 25 the displacement SETH
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 19
displacement SFER. In the drum type washing machine 1 according to the embodiment, the
reference level B1 for determining whether the latihdry 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 isf],(ﬁ—rsecondiﬁ and.the ref%rvgglgg Br% 'srg%uv%%%or larger
than 1 mriv.ese (e aaeines Miers AbIPA S ASEPHR BBy AR (RAGaS ry’is distributed in

the exces&ii\égl g{lc()%;[ Uﬁ;ﬁallance isl¥5rn1ﬁ)a\%hi{%éh%}91rgg%ﬂmﬁd thrashipld a2 feudatermining whether
u

. So8m )
or not the ndry is diStributed in the excessive rear unbalance is 20 mm. However, these values

are not lingited-ip.therabave eserbed Malugsont  The sbinitellen2Qistates thectiuesholtbAt and the
threshold A2 smaller than the threshold Al. Alternatively, the controller 20 may store the threshold Al

and a predetestained diferenceokist@0sbirastthehhresharddxem 2 405018 (EréviaEdBY Ydbtracting the

difference A3 from the threshold Al so as to (rjqetermine whether %%r?ot %hﬁilaungr is gi&tlrljbuted in the
excessivethealuHpAE R MHidLRs IR B4 ify ThEUHOEh BRE ASHE3HiRA %%]tﬂres%old Al

owing

Alternatively, in qrder to detect the exces r l?@ﬁ‘?a@h&&%%ﬁ% 2Q4vay caleylate the sum
of the am(é%ﬂ%%&lﬂ'—rﬁ?a Sitmgc‘ﬁ?eq%@ f‘ﬁ(%}%\fv%g%iﬁfgiéigg%earwgrd direction %R and the predetermined

difference,Ag, fheicppiroller 2B mayidgtamminecthatdbesteundenis distibuted imffeexddssive rear
unbalance when the sum is equal to or larger than the threshold Al, and determine that the laundry is

not distributadlindbemicegsipemaanlmbyldie wheer the audh ihshansingafthB e SheR Al

vibration in the excessive front unbalance. Therefore, the predetermined

10 threshold A2 for examining whether or not the laundry is distributed in the

excéssive rear unbalance is determined to be smaller than 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

15  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 Api g of the displacement Sprg 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

90  necessarily determine, from the amplitude Aprr of the vibration along the

leftward and rightward direction LR and the amplitude Aprr of the vibration

along the frontward and rearward direction FR, whether or not the 1aundry..

is distributed in the excessive front unbalénce.or in the excessive rear

unbalance. In this case, the controller may not necessarily determine, from

o5 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



25 Alternatively, the controller 20 may determine that the laundry is distributed in the front unbalance
when the amplitude AFLR of the displacement SFLR at the front portion of the washtub 3 along the
leftward 20 and rightward direction LR is smaller than the reference Bl. Since the displacement SFLR
is detected in advance of the displacement SFFR along the 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 Bl, 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 teihid lacsasmk Sy e the rear portion from the center plane 1 towards the bottom 3F of the

washtub 3, that s, 5%%%%&%2‘% rar]t%ﬁg %J%?,?"a{l%%%%ﬁélﬂg e %ﬁ% H0.the, amaunt,of thelaundry is

smaller than a W e amplitude ong the leftward and right direction
LR is equalig,Qularagrdham s relsrencs ievelBl thecontrolandeymayideigrmied fiathee laundry is

distributed in the rear unbalance but not that the laundry is distributed in either the front unbalance or
the rear uihalanash AlhisckSoopatationralinbve thecontratierd 20 to fuickly deterdfineyiditer or not the

laundry is distributed in the excessive rear unbalance while the controller doa?éngi&det mine that the
laundpy is distdsureddon 4B fxceatavaismENBaEI OBl e BHBERY &7 (HE HERIRM Y correlated

with the load on the rotation of the_rotary drum 2 urrent flowing, frQ lnvert 0 the motor
5%1:['{51#8{;%%%1@“%68% a/ncé{s a atﬁe.le?g eT1Ce %fj 1@&@2&1\[&) g ?@ré%g

5 at the st ary drum 2 varies épendlng on the amount of the laundry. The

more the amount of the lapndny, thergreatas dhereuursidions (4 utenidetagterRotHetests the current

in the inverter 26 based on a voltage between both ends of a resistor 28 connected in series to the
inverter 26;gkheheodioldr2Qcaistriisizbddterrhine tivesanveufitooftthenlzaladisebesed ontthe detected

current.  The controller 20 increases the rotation speed of the rotary drum 2 towards ahtarget
rotation spebilertiateedatrameintsteiprtioifatthdop determining whether or not the

10 laundry is distributed in the excessive rear unbalance is 20 mm. However,
these values are not limited to thé above described values.

The controller 20 stores the threshold Al and the threshold A2 smaller
than the threshold Al. Alternatively, the controller 20 may store the
threshold Al and a predetermined difference A3 to use, as the threshold A2,

15 a value provided by subtracting the difference A3 from the threshold Al so as
to determiné whether or not the laundry is distributed in the excessive rear
unbalance. This operation can modify the threshold A2 following the
threshold Al. Alternatively, in order to detect the excessive rear unbalance,
the controller 20 may calculate the sum of the amplitude AFFR along the

90  frontward and the rearward direction FR and the predetermined difference
A3. The controller 20 may determine that the laundry is distributed in the
excessive rear unbalance when the sum 1s eciual 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.

25 Alternatively, the controller 20 may determine that the laundry 1s
distributed in the front unbalance when the amplitude Apir of the

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



laundry is distributed in the excessive front unbalance or the excessive rear unbalance. Upon
determining that the laundry is distributed in the excessive front unbalance or the excessive rear
unbalance before the rotation speed of the rotary drum 2 is increased to the target speed, if the
rotation speed of the rotary drum 2 is lower than a reference rotation speed which is lower than the
target speed, the controller 20 temporarily decreaes the rotation speed of the rotary drum 2 or stops
the rotation of the rotary drum 2 Then, the controller 20 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 reversg 10 ditection by an angle
smaller trapdontehi agAdigsetins tﬁ@ré@aﬁ’}l’dﬁ}ﬁ’r fi}ﬁqfhetr%?ewg%%e&?gcﬁél b%ﬁla{lr? %r%le smaller

than one turn, thus repeating to arcuately.rotating t f nito gninates the
excessive b%%ﬁfr%glgﬁ %ﬂigﬁ%h%efgﬁ(%%s%(@%ggég%s%%$I'I%Egn!ﬁ,@t%g %ontr%?l‘serrg%g]iggreases
again the £olatign,spssd ob therataryideeimha RRatks 1mthd targehsotationisheedhd iusythe controller
20 finishes the dewatering process without suffering from the excessive unbalance. Alternatively, the
controller 2@bmbyhincreasetibevotatioh shewd of tiea rdrarg el afdratitisamdenh e essive
unbalance, and maintain the rotation speed of the drum,at the reference rotation speed once the

rotatién speeddetsaerryobldathus e R¥erBICBSGHRAOREALEPTRYCE case, the controller 20
rotates the rma%@%} mf%tefor a du&gt&i?enggﬁ H&%r? %ngﬁzi\gﬁn far whichsthe controfisk setates the rotary
ota . Thi a ’

drum 2 at the ta fon nge S operatio ows the controller 20 to complete the dewatering
process without suffering fipmntheRysessivedinbalancehaltharghtihe referéncedilrotatiba speed is
lower than the target rotation speed. The reference rotation speed is determined to protect the
washing rhackidetd flomrdampgetevefirometrhtheecsntrollempoldetermiite shh o addanf is

distributed in the 22 excessive unbalance.The reference rotation speed c%%ré%to t{he gmbodiment
ranges frofheaBrabead rpnthatoto Artribyiediardiete e CthrtBisF 20 tih )9 washing

machine 1 determines, from the vibration at the, fro rtion ofthe washtyb.3, whethgin the laundry in
the rb@ary ﬁrﬁ@?@ﬂ?sﬁfg{ﬁg ik &erﬂ(%ﬁtslfﬁ%%%ngfel%gr t%ieB rear unba"anceawithout’detecting the
vibration affhe, [ea(;pPQAIOR gftheonashiubftemdheceighplane &ida R hotquadRo orAn operation
of the drum type washing machine 1 executing the dewatering process to remove water from the
laundry wilkbgedegaiipetideldarence 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 connected in series to the inverter 26. The controller 20 can thus
25 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



10 Figs. 6A and 6B are flowcharts illustrating an operation of the rotary drum 2 during the dewatering
process. The washtub 3 resonates when the rotation speed of the rotary drum 2 is a primary resonant
rotation speed and a secondary resonant rotation speed. According to this embodiment, the primary
resonant rotation speed is 120 rpm, and the secondary resonant 15 speed is 240 rpm, while they are
not limited to these speeds. The target rotation s%%ed of the rotary drum 2 is the maximum rotation
speed, e.g. 1600rpm according to the embodiment, but is 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 inparante BFahatad ARG XS E NS Bél‘l\g ?‘gaﬁge(ﬁl:fr;i?s(?}e%eﬁ]éff # ah, the

washtub 35 diained (Siep 101) A0anianglio ArecesaiaIanols dhaiawadnin the rotary tub 2
n‘the untangling p

is executed eaﬁl ?[%‘2). ocess, the controller 20 controls the motor 5 to rotate the

rotary drugy 2.at;3 Pregetaraesisatangliog:speade g A0uphyl hyanbadfigte rgeothan®0 25
degrees and smaller than 180 degrees so as to lift the laundry up to an angular position larger than 90

degrees agshsthalahihanti8g deyrsed, isrichstopscthdoothfiorr st heerheh Hie tOREHIRr 20 rotates

the rotary drum 23 2 at the untangli%speed in a reverse, direction %E/étan an}g(laee: (frvre%lleﬁtpsan one turn
s0 asito lifRReddridy tHA65R ARHYURISISESH et HiAmT 8B Wt AhaRs R aNer tian 180 degrees,

S ané

and stopeyiie 10(ption S T coNFOlEE 20 fuhgs CI1o% R PIRI R 2k sherutanging

speed in réevious directi %n ahgle smaller than one turn so as to lift the laundry up to an

angular positign argsrdiian 80 degreesianchsmallerdpantiseniagieess ahd stopsstideuatation abruptly,
thus repetitively rotating the drum arcuately. This operation applies a large inertia force to the laundry
attached chie thelsidewat & Glikenttaly dremolrembyvestaie (thmariary fHReRiwall of the
rotary drum 2, and drops the laundry in a direction opposijte to the dir ctioné'n.which the laundry is

lifted up. T&ﬁg@péﬁﬁaﬁ%_ﬁ%@shﬁgréﬁﬁvé@ 1A0HYS Ie}" %Wn. & atindny aldng the arcuate
et s e B r L e e B e oderately
the rotatior) speed of the.LoMrK did Byia sushasesdaiemmined speetitegt O papetitinghe laundry
to arcuately rotating the drum. Thereby, the 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 Speéd. This
operation allows the controller 20 to complete the dewatering process
without suffering from the excessive unbalance although the reference
95 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



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 20 first predetermined rotation speed (e.g. 80
rpm) lower than the first resonant rotation speed of the washtub unit 7, and maintains the first .ro.tation
speed (_Step 104A). The controller 20 determines whether or not the laundry is distributed in the
excessive u_nbalance (Step 104B). At this momeﬁ% the controller 20 determines whether or not the
laundry is distributed in the 25 excessive unbalance only based on the displacement SFLii of the

washtub 3 along the leftward and rightward direction LR which represents both the
_ ont unbalance
and the rezcesfiatneaimaedhe c%ﬁ%llé‘lﬁ%%‘é‘% st i%etﬁr%ﬁ?e i?%%?s?éié“o% tﬂge g?%%)lacement

SETH of the washtub 3 along the fro irecti [

. 3.along the fropfwardsand reanyasgdligggtion FR. In particularly, the controller 20
determlnﬁhg?fﬁée uln%rrlyg_ls |§trr}|3bute§|n unbalance whenﬁthe amplitude Aitii of the vibration along
the leftward and, ightwasg diregien-bfRisReral0 of the drum type washing machine 1

deﬁermines, from the vibration at the front portion of the washtub 3, whether

5 the laundry in the rotary drum 218 distributed in the front unbalance or thé

rear unbalance without detecting the vibration at the rear portion of the

washtub 3 from the center plane S1 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. 6A and 6B are flowcharts illustraiing an operation of the rotary drum 2

during the dewatering process. The washtub 3 resonates when the rotation

gpeed of the rotary drum 2 is a primary resonant rotation speed and a

secondary resonant rotation speed. According to this embodiment, the

primary resonant rotation speed is 120 rpm, and the secondary resonant

15 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 is 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

20 laundry to initialize the number N to “1” (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 5 to rotate the rotary drum 2 at

a predetermined untangling speed {e.g. 40 rpm) by an angle larger than 90

95 degrees and 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 abruptly. Then, the controller 20 rotates the rotary drum



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 larger than 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 10 and varies unstably. The
controller 20 may determine that the laundry is dfstributed in the excessive the unbalance at Step
104B when the position sensors 24A, 24B, and 24C does not output the signals at predetermined
intervals, instead of comparing the amplitude AutR with the threshold All. If ﬂl elg%plgoller 20

determined & Srepmpamiiag tRephiHIR) T8 VS R IhA LS8 EnbAIAREE, The controller

20 determines whether.the number N.is equal 2 fayr 103) blpandetermining at
Step 105 HHAPHRR FMHAT Iﬁggrganﬁlglig}y tﬁlgny?i%tlr? %eé%%én?t%}l%?rtgzg t%%%%%arily stops the rotation of the

rotary drugy,2 (StemiQ6) e the aaptialier insrersaps thranumberidh bylir(Gtdp. 10Thand executes
the 20untangling process at Step 102.  If the number N is equal to or more than four at Step 105, the

controller ghdaitiminestthahtherontang|ify process arsreg To2tadsustantliagePredxbessive
unbalance of the laundry, and determines whether or .not the number N is equal to REMQTE than 10.

Wherbjudghy Brestepa oBueioRe HuABARElE SR HAT P e R Ee 28 sUbblies water to the

rotary drum 2 tq eliminate the excessive unbalgnce of . $s at Step
110, simil ?’t]&l&fg &Bc%s‘g%tagt%%?iﬁﬁoﬁg" %%nt?g%g? %S%@ggggﬁ%@?ﬁ&g%%@??ﬁi%ﬁ the rotary

drum 2 at aupredetermingd HataRYlingSRARTI(H L RIY) Bien@ngleifargsr thanBiddgrees and

smaller than 180 degrees so as to lift the laundry up to an angular position larger than 90 degrees and
smaller tham#B0:degreesand siepsthe tutatippd aba g d meertidefoverreNdhe J298RE8E the rotary
drum 2 in a reverse direction by an angle smaller than one gurn sq as to lift the aurfd‘%gp to an

: abr

angular lanjénchad 9mHegheesIAATEHalEr taH £atPHEG 3 tnd STSPCHE ritstich Abruptly. The
controller 20 further rofates the drum 2 in the previpus directi / I ne turn so
e ot T HOE 1 4 B A PO 4aer et B0 e e e e

n%l]f%{:r %J%sﬁgr]ﬁagert rees and smaller than 180 degrees

and stops &%?%68{9@% ahrugihedhys repstitively retatina dhe deunfracuatelyTRhiscpperdiion applies a

larger inertia force to the laundry attached onto the side wall 2E of the rotary drum 2, removes the
laundry frogm the gide shalhehibeadthnustumwhinduiropesthbddanad:in aleiegdisnaaswlgosite to the

direction in which the laundry is lifted up. This operatign untangles the remo%ﬁd layndry V\ﬁﬂle moving
the laundryctiatignhia arpnaseteothtiott At Bt rEITeS, Ui HupBiceHeY Hd@ diniformly in all

the frontwagd, reanward, jeftward, a0 fignwar! diieptionRdRAhe 'RIARASIND Ar the rotary

15 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

20  first predetermined rotation speed (e.g. 80 rpm) lower than the first resonant
rotation speed of the washtub unit 7, and maintains the first rotatjon speed
(Step 104A). The controller 20 determines whether or not the laundry 1s
distributed in the excessive unbalance (Step 104B). At this moment, the
controller 20 determines whether or not the laundry is distributed in the

95  excessive unbalance only based on the displacement Srir 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



20If the number N is 10 at Step 108, the controller 20 determines that the unbalance of the laundry is
not eI_|minated, and indicating the excessive unbalance while stopping the operation of the drum type
Was.hlng 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 drufit2 to the primary resonant rotation speed (e.g.
equivalent to 120Hz) of the 26 washtub unit 7, and maintain the resonant rotation speed for a

predetermined period of time (Step 111A). At Step 111A, the controller ay cqnduct,rotate the
rotary drue ZERA GRSkl &by SRS B ‘Fﬁnoé%ﬁfo‘?’ r%%%v ic% fgéci%flc%éh%cg) the primary

resonant otation speed,5 While (e 1l AT rotaies,at e ahave aReedbiieentmier 20

determin alance and the rear unbalance of the laundry based on the displacements

Srita and SEER, AR e amplitudes ARLR andAMitedfiheibibiioceat thenfibrt pomlsudethe washtub
3, the reference level B1, and the increase AB by the above method. The controller 20 further

determines 1 tfeFrontexcassivdombalanbemarthe eskaaebive 1ed dirtsatanck B atmedudhdry (Step

111B). Alternatively, in order to determine at Step 111B whether the laundry is distributed in either the
front Bnbdianed Bragietiee ﬁﬁ%%1%%,dtl‘$eléoﬁﬁ§|fi9%nr?\%§‘%i“&féﬂ%ﬁﬁegﬁwaégtttﬁ%qgﬁﬁ fy is distributed in

the front u&}gg@g&mgn@gﬂ éguvgﬁé{:%g fa%%l’iig@goi% Aongitheihan the threshold
All. The threshold A1l is larger than 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
10 and varies unstably. The controller 20 may determine that the laundry is
distributed in the excessive the unbalance at Step 104B when the position
sensors 24A, 24B, and 24C ‘does not output the signals at predetermined

intervals, instead of comparing the amplitude Arrr with the threshold A1l.
If the controller 20 determines at Step 104B that the laundry is
15  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
temporarﬁy stops the rotation of the rotary drum 2 (Step 106). Then, the
controller increments the number N by 1 (Step 107), and executes the

20 untangling 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 determines whether or not the

number N is equal to or more than 10. When judging at Step 108 that the

o
[

number 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



15 leftward and rightward direction LR is equal to or larger than the amplitude AFFR of the vibration
along the frontward and rearward direction FR, and determines that the laundry is distributed in the
rear unbalance when the amplitude AFLIz of the vibration along the leftward and rightward direction
LR is smaller than the amplitude AFFR of the vibration along the frontward 20 and rearward direction
FR, instead of the method shown in Fig. 5 emplopy?hg the increase AB of the displacement SPFR. At
Step 111B, the controller 20 determines that the laundry is distributed in the excessive front unbalance
when the amplitude AFLR of the vibration along the leftward and rightward direction LR ia equal to or

larger thafPRERESHIIE AB0tARd s FotYE ddterTilidthal tHE adndly i Bt Sired it e excessive
front unbal hen th litude AF f i i ; ight directi
LR Is s B e B SR e o et th

) resho arly,"the controller 20' 27 determines at Step 111B that the
laundry isdp, the.gxeessivedefraabalance wherihaamplitdde AFER of thagibratiovstiomng the
frontward and rearward direction FR is equal to or larger than a threshold A22, and does not determine
that the lalsngeyr istdistrdfuteq: ndheedcossiie rélrunbiihdess svhandién phedetABER of the
vibration along the frontward and rearward direction FRrji%smaller thin the threshold A22. In general,

vibrafion, phrFaUikHy theesbrBeneitiEpHad Vit A SR AGHEC IS a8 HRdTidRevard direction LR
having a fﬁég“ nc¥ go?&tgr}h e%rimaﬁ%rrﬁ%gﬂ%ﬁégr@@'gégg% Bfrihe, Washiih PR Tds)larger than
Ry :

vibration uency €lose to secondary resonant rotation speed. In this respect, the

threshold ﬁ%ﬁiﬁi@%@} Bl Sel0Q140-au0 ahickis lasgehthan SoedbgesboldAd (@D panheThe

threshold A22 is set to a level smaller than 24 mm. If the controller 20 determines at Step 111B that
the laundnypisadistribatiednlihe Steessinerirint unbafandecsr mtasreethivelradr uAbdlakee, 15 the

controller 20 examines at Step 105 whether or not the number N is equ%l .
previous direction by an angle smaller than one turn so as to lift the laundry

10 up to an angular position lager than 90 degrees and smaller than 180
degrees and stops the rotation abruptly, thus repetitively rotating the drum
arcuately. This operation applies a larger igertia force to the laundry
attached on£o 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

95  time, at Step 104B that the laundry is the excessive unbalance, the controltler
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



to or greater than four. Then, the controller 20 may execute the untangling process at Step 102, or
may gllmlnate the excessive unbalance at Step 110, or may stop the operation of the drum typé
Waghlng machine 1 at Step 109. If the controller 20 does not determine, for a predetermined
period of ZQ time at Step 111B, that the laundry is distributed in either the excessive front unbalance or
the excessive rear unbalance, the controller 20 cdhtrols 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 resonant rotation speed for a predetermingd 25 peri b
s jon s _ 2d 25 periad of time (Step 112A).
At Step 1WARMAD comtilier 200R4dy BRIRIHE ro?ﬁﬁ d?ﬁ?ﬂlﬁaéjt%a ?&a%é%nspggge(gg#%ngng from 1)41

rpm to 330 g%gﬁvgspéggéa\%%e%atg%m 3Rpss #{Pep 1A1Band 19 closedo thasetndzay 28

resonant K rotating the rotary drum 2 at the above rotation speed, the controller 20
eéxamine frontivnbalange and thessadunbalaneeof dbetiaundrydbbed.amthe disptasements

\?vzls_fljfu?ondlizs() EpFn? ril:(i t{];Oa;?)ﬂ)tuvgi?cﬁils_iligg tAth%lF\; EZ"iT}lea\Jrlti}? rlfjgis%?lgrqttQgtz(t)i%tnpgg(ia%ﬁ.Of the

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 displacements Srrr and Srrr and the amplitudes Aptr and Agrrr of the
vibration at the front portion of the washtub 3, the reference level B1, and

the increase AB by the above method. The controller 20 further determines

10 the front excessive unbalance and the excessive rear unbalance of the
laundry (Step 111B). Alternatively, in order to determine at Step 111B
whether the laundry is distributed in either the front unbalance or the rear
unbalance, the controller 20 may determine that the laundry is distributed

in the front unbalance when the amplitude Arir of the vibration along the

15 leftward and rightward direction LR is equal to or larger than the amplitude
Appr of the vibration along the frontward and rearward direction FR, and
determines that the laundry is distributed in the rear unhalance when the
amplitude Arrr of the vibration along the leftward and rightward direction

LR is smaller than the amplitude Arsr of the vibration along the frontward

20  and rearward direction FR, instead of the method shown i Fig. b employing
the increase AB of the displacement Sprr. At Step 111B, the controller 20
determines that the laundry is distributed in the excessive front unbalance
when the amplitude Aprr of the vibration along the leftward and rightward
direction LR is equal to or larger than a threshold Al2, and does not

o5  determine 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 smaller than the threshold A12. Similarly, the controller 20



53, thg 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 unbalanqe (Step 112B). At Step 112B, the controller 20 determines that the laundry is distributed
in the excessive front unbalance when the amplitude AFLR of the vibration along the 10 leftward and
rlghtvvar_d dl_rectlon LR is equal to or larger than &threshold A13, and does not determine that the
laundry is distributed in the excessive front unbalance when the amplitude AFLR is smaller than the

threshold A13. Similarly, the controller 20 determines at Step 112B that the lau is distri i
_ . ,  de S 8 ] undry. is distributed in the
excessivelrdarmbatantStaiehithe BhabiithadaAmeRorhE %ev?ﬁgr%%i’gﬁvglgﬁaltﬁlenﬁd {twar

: . ontward and
rearward direction FR is equal tq or larger tha j

: Q Q or larger thap a threshold AZ3, anddegsinoh deiemingdhat the
laundry is"ii'fie c@&ﬂfé%‘egfr uﬁﬁ%l%i%%eevy E]Fl the ampﬁude AFFR is smaller than the (tihreshold

233._The hreshold A3 afStep, 4128 is Selieb MHBwhichliscetiuid tovtis threbhdidAlnThe threshold
3 is set'to 20 mm which is equal 20 to the threshold A2. If the controller 20 determines at Step 112B

D St i i ot e e e
o emromsabm i 0 5 8 S B LT T T
machine Iigtegfé(ﬁpl 4% smaﬁerothsatlgpt]hleo’t%rrgg%ﬁéhﬁﬂ@.eraﬂ?%hﬁl%g%%fﬁ@ﬁ)ﬂ’,%h'”9
particularly the component of the vibration along the leftward and rightward
direction LR having a frequency close to the primary resonant rotation speed
of the washtub unit 7 is larger than vibration having a frequency close to the
10 secondary resonmant rotation speed. In this respect, the threshold Al12 at
Step 111B is set to 40 mm which is larger than the threshold Al (25 mm).
The threshold A22 is set to a level smaller than 24 mm.
If the controller 20 determines at Step 111B that the laundry is
distributed in the excessive front unbalance or the excessive rear unbalance,
15  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 untangling
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.
If the controller 20 does not determine, for a predetermined period of
90  time at Step 111B, that the laundry is distributed in either the excessive
front unbalance or the excessive rear unbalance, the controller 20 controls
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
anit 7 and to maintain the resonant rotation speed for a predetermined
25 period of time (Step 1.12A). At Step 1124, the controller 20 may rotate the
rotary drum 2 at a rotation speed (e.g. ranging from 141 rpm to 330 rpm)

which is higher than the speed at Step 111B and is close to the secondary



If the co_ntroller 20 does not determine, for a predetermined period of time at Step 112B, that the
laundry is distributed in the excessive front unbalance or the excessive rear unbalance,1the controller
20 controls the  motor 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 Steps 112A and 112B for a
predetermlned period of time (Step 113A). Whilezﬁbtating the rotary drum 2 at the above reference
rotation speed, the controller 20 examines the front unbalance and the rear unbalance of the

laundry based on the displacements SFLR and SFFR and the amplitudes /kr-1,5 10 and AF
i H 2 : L FF
vibration epstHeARbrHObBFIRA épﬂ?éiwagwfﬁt?f(t%t’r’é?efg}?cg%@gp FHRy t/%(ea% IR orthe

above method. Then, t %)ntroll r 29.dejgrm Mether t1R6 gy I'ncr?asrqugi i tue

. 1 : i 1 : t
excess!verﬂifﬁ}é‘i’gn%%eg the %fg&gi(\)/eerlear u%a?llglr%\i\ée (S‘?eg% %???B). ﬁt%&tllgp )ﬁ%gﬁt{ﬁe contrlonllerezo
determines, that the Jaynalry islistripwied i dhe Bxcesgvecdmbnns SrbalandeSwhenthletamplitude

APLR of the vipration along the leftward and .rightward direction LR is equal to or larger than a

threshold Adgl@ndes Arix and Appy of the vibration on the front portion of the washtub
5 3, the reference level B1, 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 the laundry is distributed in the
excessive front unbalance when the amplitude Arir of the vibration along the
10 leftward and rightward direction LR is equal to or Jarger than a threshold
A13, and does not determine that the laundry 1s distributed in the excessive
front unbalance when the amplitude Apir is smaller than the threshold A13.
Similarly, the controller 20 determines at Step 112B that the laundry is
distributed in the excessive rear unbalance when the amplitude Aprr of the
15 vibration along the frontward and rearward direction FR is equal to or larger
than a threshold A23, and does not determine that the laundry is in the
excessive rear unbalance when the amplitude Aspr is smaller than the
threshold A23. The threshold A13 at Step 112B is set to 25 mm which is
equal to the threshold Al. The threshold A23 is set to 20 mm which is equal

20  to the threshold A2. | '
If the controller 20 determines at Step 112B that the laundry is
distributed in the excessive front unbalance or the excessive rear unbalance,
the controller 20 e:;(amines at Step 105 whether or not the count N is equal fo
or greater than four. Then, as described above, the controller 20 executes
95 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.



does not determine that the laundry is distributed in the excessive front unbalance when the amplitude
AFLR |s_smaller than the threshold Al4. Similarly, the controller 20 determines at Step 113B that the
laundry is 20 distributed in the excessive rear unbalance when the amplitude APFR of the vibration
along the frontward and rearward direction FR is equal to or larger than a threshold A24, and
determines that the laundry is distributed in the exéessive rear unbalance when the amp’litude AFFR is
smaller than the  threshold A24. The thresholds A14 and A24 at Step 113B are set to be 25 equal to

the thresholds A13 and A23 at Step 112B, respectively. If the controller 20 determines,at
: : : vely. C ) tep 113B
that the Iaundrﬁfstb%tﬁmité@ﬁﬁltlﬂ?ﬁféﬂﬂse%éé%%‘élma %%%%38%19‘2&%%@8?1&%% ancf)e, 30 the

controller 20 examines a 5 whether o ! t-lge LIRS NAIS;
. " : DS ARl 10,96 grRater-than four. Then,
the controtﬁ‘é‘?ezﬁgg eiﬁ%%?ut aargg ing g‘?}g‘é{es at S‘%p 102, or eliminate%i?he excessive unbalance

at Step 1%§5;§t89é the @reralipR QlthedikmivpeanashifigmaehingldrapStepriddsSttiche controller
20 does not determine for a predetermined period of time at Step 113B that the laundry is distributed

in the excessive frons Urhalancher theexcdssive AnbalantefatrneentidiazD sBRRFbISHSe motor 5 to

increase the rotation speed of the rotary drum 2 from the reference rotati
Fotation SpeediBa oM HhipHI i AOGhEpm) which 1s higher than | fion speed towards a target

at Steps 112A and 112B for a predetermined period of time (Step 113A).
While rotating the rotary drum 2 at the above reference rotation speed, the
controller 20 examines the front unbalance and the rear unbalance of the
laundry based on the displacements SrLr and Sprr and the amplitudes Arir
10 and Appr of the vibration on the front portion of the washtub 3, the reference
level B1, and the increase AB by the above method. Then, the control_ler 20
determines whether or not the laundry is distributed in the excessive
unbalance or the excessive rear unbalance (Step 113B). At Step 113B, the
controller 20 determines that the laundry is distributed in the excessive
15 front unbalance when the amplitude Arrg 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 Apir 1s smaller than the threshold Al4.
Similarly, the controller 20 determines at Step 1138 that the laundry 1s
90 distributed in the excessive rear unbalance when the amplitude Aprr 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 amplitﬁde Appr 1s smaller thari the
threshold A24. The thresholds Al4 and A24 at Step 113B are set to be
25  equal to the thresholds A13 and A23 at Step 112B, respectively.
If the controller 20 determines at Step 113B that the laundry is

distributed in the front excessive unbalance or the excessive rear unhalance,



10 maximum rotation speed of the drum 2 (Step 114A). While the rotary drum 2 rotates at the rotation
speed at Step 114A, the controller 20 examines the front unbalance and the rear unbalance of the
laundry based on the displacements Sput and SFFR and the amplitudes AEU{ and AFER of the
vibration at the front portion of the washtub 3, the reference level Bl, and 15 the increase AB by the
above method. Then, the controller 20 determiné€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_distribuée_d inhté}?g e§§ sive _frontj[ nb%lgg&eewlggfst? u%mplitude
AFIR of tHeeviBRitisH e Siberra e Rimid o6°End Hol Bt &ion"tR 15'€qUal fo or larger than a
threshold A15, and does not determi t I is, (st i Gessive frant unbalance
when the Om%’iitﬁ%}%%&erlrs.t ?éaélm%ﬁléf tt?gﬁg é%%?ﬁ%%%ﬁsg g?n%ﬁgd tfr?gq ?gﬁgt(roller‘é% de?ermines at

Step 1148 thatdbe, launepy ipdlisirkuiedimtbe excessivesar unbalance wheditre Hrfiplitude /VTR of
the 25 vibration along the frontward and rearward direction FR is equal to or Iaﬁ%r than a threshold

A25, and dags: hbdateratine thitthellaundryrie vissiiugaindraextassieRddFinbalance when the

amplitude AFFl?iést}ﬁsﬁmalLgriri t;%?l%rt%% 5%1% th:{g&oﬂéﬁﬁéiﬂs‘%@%tggp:%gggnmsﬁl%%%ncg%ﬁ%%&ry drum 2 is
high &t Step 114BtBigecosHONEY &% ) which is smaller than the
threshold A14 due hysijcal strength of it hiubjunit.; decrersesibestieshold Al4 as the
rotation s&é@ﬁ iﬁ%rgéggs. %?néilgh)&}?t%%% %%%?%?ﬁerigodgﬁg%ﬁgetﬁreshoId A25 to 10 mm which is

smaller than the.thresholds A24-a0d- Al ansdecraasesihe ihve ibtd ¥i2blas tremotation speed
increases. Alternatively, in order to determine at Step 114B whether or not the laundry is distributed in

the front upbdlaneaer tHereatanbelamedhefcohtrolidern Maydeferfine thae (Kefishgr is

distributed in the front 10 unbalance when the amplitude é\% R ofé%g)fé{igra}gg%%lgn .thghl%ftward and
rightward dfresion ERerdekEI G DRIAFGER INET A BriBfitibeS o TR ot the Viora he frontward

|o% a][(s)ng
and rearward direction FR,. and detgfrn%i

t l I Qistri . YRAT h
the atplit AR ATABE FEAMSFAGIBR Slor E‘}?ﬁegl%‘flm%ﬁ[r%yﬂfﬂi ribpitgcinc e Laan-yniaiance when

ong twar rightward direction LR is 15 smaller than the

amplitude AEER ofthe vikratipnalang thel franbigstiand reasnarsdiict 0RR imsteadtbbthe method
shown in Fig. 5 employing the increase AB of the displacement SUR. If the controller 20 does not

determine gbStepibAB that thedathdryisdistmibatedir tid eteedsvafont batrdane Shthe
excessive rear unbalance, 20 the controller 20 determines whﬁther or not th(? Qtatiogégﬁgd of the

rotary drurdigptsseenife BirgetabthtiorrspaBd (Eieparpgjitudes Arin and Arrk

vibration at the front portion of the washtub 3, the reference level Bl, and

15 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 Ariz of the vibration along the leftward

90 and rightward direction LR is equal to or larger than a threshold Al5, and
does not determine that the laundry is distributed in the excessive front
unbalance when the amplitude Arpir is smaller than the threshold Al5.
Similarly, the controller 20 determines at Step 114B that the laundry 1s
distributed in the excessive rear unbalance when the amplitude Arrr of the

95  vibration along the frontward and rearward direction IR is 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



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 25 for a predetermined period of time (Step 116A), 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 32 rotary druri® reaches the target rotation speed, the controller 20
controls the motor 5 to increase the rotation speed of the rotary drum 2 towards the target rotation

speed. While the rotary drum 2 rotates at Step 114B, the controller 20 exgmines the, front unbalance
and the réhrestphActborf thEuRRRy B%@géﬂrbﬁﬁﬁ%ﬁu‘?fgg%éﬂé‘ﬁ% Hi‘fnancisgﬁ-g'—%hat nég the amplitudes

AFLR and JETR ol thevibigiion at (e gt o offheswashiu & dhevefeiencedeyel B1, and the

increase A en, the controller 20 determines whether or not the laundry is

distributedhin the,exaessiue iont Ynblanse RAgithe sxeessiefadrumbalande uilif Taeodntroller 20
determines at Step 114B that the laundry is distributed in the excessive front unbalance or the

excessivalmat inbalanceh iheloddtrblldr 20 thaintairt it speaibinatadrest thal iBR#Brile 2 for a
predetermined period of time at the rotation speed (which is higher than the li?g%rﬁlilce rtcﬁation speed

and lwerctiinaHeta?gesebtation §b§%ﬂ)oéflv¢h?€h 4% {ihe W3Rt #é?lﬁdsdéfgﬁmnes X'5tep 1148 that
) e s S8 sl TN ufoalece e sXgeasleeRhuloRRRGR (Siep

'the rotation of the rotary drum 2 to terminate the dewatering

process (3 e@ga&%Kbr,lﬁgeeredﬁ@é@ﬂa@gf@@r@g o disne @USteprd hiB:loSmaintaifing iketratation speed
of the rotary drum 2 is longer 20 than the predetermined period of time at Step 116A for maintaining
the target sptatiolspRashdiths ismniltned 2n the front unbalance or the rear unbalance,
the controller 20 may determine that the laundry is distribu_ted in the front
10 unbalance when the amplitude Arrr of the vibration along the 1eftward and
rightward direction LR is equal to or larger than the amplitude Asrr of the
vibration along the frontward and rearward direction FR, and determine
that the laundry is distributed in the rear unbalance when the amplitude
Aprr of the vibration along the leftward and rightward dirvection LR is
15 smaller than the amplitude Aprg 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 Syrs.
If the controller 20 does not determine at Step 114B that the laundry is
distributed in the excessive front unbalance or the excessive rear unbalance,
90 the controller 20 determines whether or not the rotation speed of the rotary
drum 2 reaches the target rotation speed (Step 115).
If the controller 20 determines at Step 115 that the rofation 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
95 for a predetermined period of time (Step 116A), 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



As set forth above, the drum type washing machine 1 according to the embodiment 1 efficiently
detects the excessive unbalance at the primary resonant rotation speed and the secondary resonant
rotation speed which 25 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 33 detects theistribution of the laundry based on the amplitudes
and the phases of the signals, such as voltage signals or current signals, output from the vibration

sensor 40. The signals vary according to the change of the displacement thﬂe%rﬁtatiggasg)eed, and the
acceleratiostsanddeiease d grshestibe it agin MEALEIUEP e ThERGr GRS BE WatRifg HistRine 1 detects

the distribytion of the Jaundry based,on the displacemen E washiub 3 along
the Ieftwafgi]‘%ﬁﬁeﬁ@htévg?d]&%/%@ﬁgn R %%‘%8{3033 frontwar a%%%gtar a(rizjflﬁg%%)n%%ﬁ, respectively,
caused by I yiatinn, Pigse e diplacement o S ahilie washiuthd slano ihafkfkard and
rightward direction LR is similar to the displacement SPUD of the washtub 3 along the upward and

downward:gifeetinn- U, the gontrolidie2fr-onaywsiettthe disttisbtoneaf the alagse baisédcon the

displacements SITU’) and SPFR. Alternatively, the distribution of the laundry rlr]ay e detected based
on the displavetneriaes o] S diviblatin atthe fient PArisRtor itk RSB B Y irection

perpendicular to the rotary axis 2A and the displacement SELR. viiration | allel to the
rotary axiP2A FHE ﬁwﬂgwgﬁﬂr?g &Tﬁzc%iﬂ% Pgé é%?s%ﬁtéhgis%ﬁ%%&%ﬁ %sf tﬁ?l%%@r?dl%yagésed on the
displacemgnt ofthe yibration, HBRRI PR Abike Washiuh. 3. Binge the waxefollos pbthe 20
displacemgem%?égt%{%{gg%{?g%g%%un s@wn in Figs. 3A to 3C are close to sine waves, the
relationshig:ef fagipbaseband the amplitudéswofding walefonimstddemndtchaness srefrafter the wave

forms are differentiated or integrated. The controller 20 of the drum type washing machine 1 according
to the embodimbmenaydetee ek SHtTRTRIS N GRERINdry based on the speed or

10 If the controller 20 determines at Step 114B that the laundry is
distributed in the excessive front unbalance or the excessive rear unbalance,
the controller 20 maintain the rotation action of the rotary drum 2 for a
predetermined period of time at the rotation speed {(which is higher than the
reference rotation speed and lower than the target rotation speed) at which

15 the controller 20 determines at Step 114B that the laundry is 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 lbnger

20 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 m_achine 1 according to the
embodiment 1 efficiently detects the excessive unbalance at the primary
resonant rotation speed and the secondary resonant rotation speed which

95 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



2_5 _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 34 determine the unbalance of the laundry in the rotary drum even when the laundry is biased
towards the bottom of the rotary drum, hence being applicable to a drum type washing machine which
executes a certain process when the laundry is distributed in excessive unbalance. 35 CLAIMS: 1.A
drum type washing machine comprising: a housing; a washtub unit including: a washtub

accommodated in the housing, the washtub having an openin [ '
located ogpteits t@hﬁedéﬁ)@,i,m&’ion of the Iaundgy baspe o% %I'}(l)é/ I%%jptﬁ%%llgsaggc? ‘E’l’%tom thereof

phases of the signals, such as voltage signals or current signals, output from
the vibration sensor 40. The signals vary according to the change of the
digplacements, 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 Sprr and Sprz of the washtub 3 along the
leftward and rightward divection LR and the frontward‘ and rearward
direction FR, respectively, caused by the vibration. Since the displacement
10 Srir of the washtub 3 along the leftward and rightward direction LR is
similar to the displacement Spup of the washtub 3 along the upward and
downward direction UD, the controller 20 may detect the distribution of the
laundry based on the displacements Spup and Srrg. 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
20  displacements Srig, Srrr, and Spup 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 (iifferentiated or integrated.
The controller 20 of the drum typé washing machine 1 according to the
embodiment may detect the distribution of the laundry based on the speed or

95  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



a rotary drum accommodated in the washtub, the rotary drum having a side wall and a bottom, the
side wall of the rotary drum having a cylindrical shape in parallel to a rotary axis, the bottom 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 thé 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 a motor fixed to the bottom of the washtub and joined to {he bottom of.the r%[gry drum for

rotating théetetanyigeurhebolralinestah theidas aamipy treerasat éﬁBp%‘fﬁﬂg“mgI\]Ngsﬁtub ata
supporting position; a ¢antroller for cantralling the motoy; and a yibrati nsQ) egting a
vibration gﬁﬂ%%&sﬁu%}%ﬁ rdfAv ar ?hg}%tgjr(fltg?(% 0 tﬁ%ler}ot%)é% urglgéi?dﬁér?o%ﬁ{%ri%nta ly or inclines

downward%%{%r MRE APENY Qxﬂf%erwgﬁg{g%wﬁﬁg%hﬁchﬁm@ém ¢oteayrdfuntess the

vibration sensor outputs a first signal and a second signal corresponding to a component of vibration
of a portiog, pf thenwashidralendiatitbtdiré dionpespordiciials@the rotary axis and a component of
the vibration along a second direction parallel with the rotary axis, respectively, the portion of the
washtiib being between the center plane of the washtub and the opening of the washtub, 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 perpendicular to the rotary axis, the
supporting position is distanced farther from the motor along a horizontal direction than the center of
gravity is, the vibration sensor outputs 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 component of the
vibration along a second direction perpendicular to the first direction, respectively, the portion of the
washtub being between the center plane of the washtub and the opening of the washtub, and the
controller determines, based on an amplitude of the first signal output from the vibration sensor,
whether or not the laundry is distributed in the-rotary drum either in a front unbalance in which the
laundry is biased from the center plane towards the opening of the rotary drum, or in a rear unbalance
in which the laundry is biased from the center plane towards the bottom of the rotary drum, when
the controller determines that the laundry is distributed in either the front unbalance or the rear
unbalance, the controller determines, based on a change of the second signal for a predetermined
period of time, which one of the front unbalance and the rear unbalance the laundry is distributed in.



37 2. The drum type washing machine according to claim 1 , 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 vibration sensor is equal to or larger than a first threshold,
and dgﬁr&r‘%e an excessive rear unbalance of the rear unbalance by determining whether or not
an amplitudée of the second signal output from the vibration sensor is equal to or larger than a second

threshold. 43. Th%@F&W;%@%&@ﬂEWM&%&%%de to claim 1, or 2, wherein the housing has a

loading/unloading opening therein communicating with the opening of the washtub, said drum type
washing machine fiibiagcomprising: 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 ahveaghiob andlitiskigirashtub at the opening of the washtub.

a washtub accommodated in the housing, the washtub having an opening
provided therein and a bottom thereof located opposite 1o 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 drum having a cylindrical shape in parallel to a
rotary axis, the bottom of the rotary drum being situated on the rotary axis and facing the
bottom of the washtub, the rofary 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
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;
a damper for elastically supporting the washtub at a supporting pos#ion;
a controller for controlling the motor; and
a vibration sensor for detecting a vibration of the washiub, wherein
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,
the vibration sensor outputs a first signal and a second signal corresponding to a
component of vibration of a portion of the washtub along a first direction perpendicular to the
rotary axis and a component of the vibration along a second direction parallel with the rotary
axis, respectively, the portion of the washfub being between the center plane of the washtub

and the opening of the washtub,
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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 perpendicular
to the rotary axis,
the supporting position is distanced farther from the motor along a horizontal direction
than the center of gravity is,
the vibration sensor outputs 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 component of
the vibration along a second direction perpendicular o the first direction, respectively, the
portion of the washtub being between the center plane of the washtub and the opening of
the washtub, and
the controller determines, based on an amplitude of the first signal output from the
vibration sensor, whether or not the laundry is distributed in the rotary drum either in a front
unbalance in which the laundry is biased from the center plane towards the opening of the
rotary drum, orin a rear unbatance in which the laundry is biased from the center piane
towards the bottom of the rotary drum,
when the controller determines that the laundry is distributed in either the front
unbalance or the rear unbalance, the controller determines, based on a change of the
second signal for a predetermined pericd of time, which one of the front unbalance and the

rear unbalance the laundry is distributed in.
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2. The drum type washing machine according to claim 1, 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
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.

3. The drum type washing machine according to claim 1, or 2, 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/unioading opening on the housing

for sealing between the door and the washtub at the opening of the washtub.



