DESCRI PTI ON DRUM TYPE WASHI NG MACHI NE 5 TECHNI CAL

FI ELD The present invention relates to a drumtype

washi ng machi ne for washing |laundries placed in a
drum by rotating a cylindrical drum having a bottom

10 BACKGROUND ART A conventional drumtype washing
machi ne has a controller for <controlling the washing
machi ne to performoptimal washing. This controller

esti mates the novement of |aurdries based on the
changes in the output of an acceleration sensor
attached to the washi ng QHSEREHTRN changes in the
torque 15 current conponent of the notor, and
responds by changﬁn t he %£eed of the notor that

rotates the drum

WASHINGMAGRINE [ ycture of

a conventional drumtype washing nachine. Washing
5t UTERHNECAUPPEELIDed in casing 31 by suspension
mechanism 34 so as to be able to rock. Drum33 is
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t he “Upp

ron casl ng

topeppg@se front opening 37 of washing tub 32 and the
front opening (not illustrated) of drum 33 so as to
| oad laundry 38 to or renove laundry 38 from drum
1033 B Mibuneh aragi tating protrusions 39 are formed
on the i1nner peripheral wall of drum 33. Agitating
pr ot r usidnendéntldoal dramndrpe IG:sbhiganthchard hbfhen cohefoller for
it fall_under its own weight as drum 33 rotates. In
ot lsertrolirg she washae ypackdns & reabmmpromal iwesbipgpy Thirecontrolier

agitatin

20
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venment of ,.beat-washi ng. .
estimate tgg movement of laung.nes ‘Baseﬁ%n tﬁe changes in the output of an

acceleration sensor attached to the washing tub and the changes in the torque
current component of the motor, and responds by changing the speed of the
motor that rotates the drum.

Fig. 6 illustrates the structure of a conventional drum-type washing
machine. Washing tub 32 is supported in casing 31 by suspension mechanism
34 so as to be able to rock. Drum 33 is rotatably disposed inside washing tub
32. Motor 35 drives and rotates drum 33.

Door 36 1s provided on the upper front of casing 31. A user opens door
36 to expose front opening 37 of washing tub 32 and the front opening (not
illustrated) of drum 33 so as to load laundry 38 to or remove laundry 38 from
drum 33.

Multiple agitating protrusions 39 are formed on the inner peripheral
wall of drum 33. Agitating protrusions 39 lift laundry 38 upward, and then
let it fall under its own weight as drum 338 rotaies. In other words, laundry

38 is washed or rinsed by the agitating movement of beat-washing.



Sem conduct or accel eration sensor 40 is attached to
washi ng tub 32 and neasures the oscillation of
washi ng tub 32. Controller 41 detects the novenent of
washi ng tub 32 based on the changes in the output of
sem conduct or accel eration seg$or 40 and t he changes
|n torque current conponent nmotor 35. Controller
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which the laundry lifted up by rotation of the drum

falls froma height at which own weight of the

| aundry exceeds a centrifugal force thereto; wherein

the controller determnes a state of the |aundry

i nside the drum during one of shing and rinsing,
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Accordingly, the state of laundry inside the dram can be accurately determined

can be ..
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without being affected by the quantity of laundry, fabric type, detergent amount, or water
quantity. The washing performance and rinsing effect can thus be improved.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 illustrates a structure of a drum-type washing machine in accordance with a
first exemplary embodiment of the present invention.

Fig. 2A is illustrates an operation principle of a floating state in a forward-reverse
continuous pivot drive mode of the drum-type washing machine shown in Fig. 1.

Fig. 2B is a graph illustrating a frequency characteristic of vibration detected in the
floating state.

Fig. 3A illustrates an operation principle of a beat-washing state in the forward-

reverse continuous pivot drive mode of the drum-type washing machine shown in Fig. 1.



Fig. 4Cillustrates an operation principle of the
beat - washing state from 10 150 in the

forward-reverse sudden pivot drive node of the

drumtype washing machine shown in Fig. 1. Fig. -5
illustrates the relation between the drum novenent of

the drum type washi ng nmachine shown in Fig. 1 and a

| aundry dropping position. Fig. 6 illustrates a

structure of a conventional drémtype washing 15

machi ne. DETAI LED DESCRI PTION OF THE I NVENTION Fig. 1
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DETAILED DESCRIPTION OF THE INVENTION
Fig. 1 illustrates the structure of a drum-type washing machine in an
exemplary embodiment of the present invention. Figs. 2A to 3B illustrate the
20 operation principle in the washing machine while in a forward-reverse
continuous pivot drive mode. The washing machine includes casing 1,
washing tub 2, drum 3, motor 4, vibration detector 6, frequency component
calculator 9, and controller 7.
Casing 1 contains washing tub 2, and washing tub 2 rotatably houses
25 drum 3. Drum 3, which is a washing basket, is capable of containing laundry
13, such as clothes. Drum 3 is connected to motor 4, which rotates drum 3.

Agitating protrusions 12 are provided on an inner peripheral wall of drum 8.



Washing tub 2 is provided with drain outlet 14 on the
bottom thereof. 10 WAshing or rinsing water inside
washing tub 2 is drained outside through drainpipe

16 by opening drain unit (drain valve) 15. Vibration
detector 6 is typically configured wth at | east one

sem conduct or accel eration sensor, and detects a

vi bration accel eration conponent of washing tub 2 in

at | east one of front and back? left and right, 15

and top and bottomdirections. In other words,
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cal culator 9 calculates the frequency conponent with
respect wWibryiilr addtefionceeker@pically delfieatad vwiyh at least one
vibration detector 6. Frequency conponent cal cul ator .
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direction, first horizonta! direction, and second horizontal direction that is
different from the first horizontal direction. It is preferable that vibration
detector 6 is configured with an acceleration sensor sensifive to multiple-axis
20  directions (two or three axes) to the front and back, left and right, and top and
bottom, rather than a single direction. Since vibration of washing tub 2
cannot be Limited only to one direction, the use of a three-axis acceleration
sensor and the use of a value obtained by adding the acceleration components
m three axes are more effective for accurately dstecting the movement of
25  washing tub 2.
Frequency component calculator 9 apphes Fourier transformation to

vibration acceleration detected by vibration detector 6 so as to extract a



dehydration, and drying; and also controls the
rotation of notor 4. Controller 7 also controls the
forward-reverse continuous pivot drive node. In this
node, 10 the drum 3 repeats forward and reverse
rotations alternately at a rotating speed at which
laundry 13 is lifted upward by the rotation of drum 3
and falls fromthe height at which its own wei ght
exceeds the centrifugal force.® Controller 7 also
determines the state of laundry 13 inside drum 3,
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Controller 7 includes rotating speed controller 10 and rotating time
controller 11. Rotating speed controller 10 detects and controls the rotating
speed of drum 3. Rotating time controller 11 measures and controls the
rotating time of drum 3.

20 In Fig. 1, frequency component calculator 9 and controller 7 are
illustrated outside casing 1. However, they are provided inside or along
casing 1.

Controller 7 determines the floating state of laundry 13 inside dram 3
depending on a proportion of the frequency component of the vibration

25  acceleration calculated by frequency component calculator 9.

Next, the structure of defecfion and control in line with the operation

principle in the forward-reverse continuous pivot drive mode is described with



relatively long tine. Fig. 2A and 3A show exanpl es of
the state of laundry 13 in drum 3. Agitating
protrusion 12 provided on drum3 |ifts and agitates
laundry 13 10 noi stened with washing water. Fig. 2A
shows the state where laundry 13 is floating on the
water due to factors such as many synthetic-fabric

items in laundry 13, high water level, and too nany
detergent bubbles. In this state, agitating
protrusion 12 cannot [|ift up laundry 13, and thus
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agitating protrusion 12 just hits the water, in spite
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the state in Fig. 2A significantly degrades the
washlangegfloeetimeFi gs. 2B and 3B illustrate the

results of frequency analysis relative to

the
vi br at i ofiga@dettsl 34 isbew sramRdsi ogtheutate dylawpdryi hgin drum 3.
drum.3,. which i det.ect ed i bration, detectar
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This state is hereinafier called a floating state.

In Fig. 3A, agitating protrusion 12 lifts up laundry 13, which is then

released from the inner wall of drum 3 in the middle under its own weight,

falls to the bottom of drum 3 due to gravity, and is beaten against drum 3.

20  This state is hereinafter called a beat-washing state. The state in Fig. 3A is

most suitable for washing, but the state in Fig. 2A significantly degrades the

washing effect.
Figs. 2B and 3B illustrate the results of frequency anaiysis relative to
the vibration acceleration of washimg tub 2 by driving drum 3, which is

25 detected by vibration detector 6, in the states shown in Figs. 2ZA and 3A,

respectively. The horizontal axis in Figs. 2B and 3B indicaies frequency, and



corresponds to the drumrotation frequency. Figs. 2B
and 3B indicate the cases where N =45 and M= 3. In
ot her words, the drumrotation frequency is 0.75 Hz,
and the frequency at point Bis 2.25 Hz. 10 The

vi bration acceleration at point Areflects the
vibration due to rotation of laundry 13. On the

ot her hand, the vibration acceleration at point B
reflects the accel erati on conp®nent generated by
agitating protrusion 12 beating the water supplied
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iltustrating the floating state, compared to the beat-washing state shown in
Fig. 3B.
In the floating state as in Fig. 2A, laundry 13 is floating on water and
not lifted by agitating protrusion 12, Accordingly, there is no impact
20  vibration caused by free fall of laundry 13. Therefore, the change in
acceleration generated in drum 3 and washing tub 2 is extremely small. Asa
result, agitating protrusion 12 hits water supphed inside drum 3. This
makes the vibration acceleration around point B large, and vibration
acceleration at frequencies other than around point B small.
25 In this exemplary embodiment, the above characteristic is used to
identify the frequency component in vibration acceleration of washing tub 2 by

applying Fourier transformation to a signal from vibration detector 6 attached



accel eration around point B and vibration
acceleration in a predeterm ned frequency range.
When the cal cul ation result exceeds a predeterm ned
value, <controller 7 determnes that laundry 13 in
drum3 is in the floating state. Based on this
determ nation, controller 7 can identify whether the
accel eration 10 conponent is generated by agitating
protrusion 12 beating water supplied to drum 3 or
agitating | aundry 13 Accor dingly, controller 7 can
ac ter. her | aundr d
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If the floating state is identified, controller 7 increases the rotating
speed of motor 4 in the forward-reverse confinuous pivot drive mode using
rotating speed controlier 10. This encourages the agitation of laundry 13
20  together with washing water in drum 3. As a result, beat-washing, shown in
Fig. 3A, 18 effectively applied to laundry 13. This method of control thus
improves washing performance.
Figs. 4A to 4C illustrate the operation principle of the forward-reverse
sudden pivot drive mode used to improve waghing performance. Fig. b shows

25  the relationship between the movement of drum 3 and the drop pesition of

laundry 13.



wei ght, laundry 13 falls to the | ower part of drum 3,
meki ng a roughly parabolic curve, to the side
opposite where laundry 13 has been lifted. Figs. 4A
4B, and 4C show exanpl es of the novenent of |aundry
13 when drum 3 is driven by notor 4 in one direction
for 1 sec, 1.5 sec, and 2 see, 10 respectively, and
rotation of drum 3 reaches 40 rpm 60 rpm and 80

rpm respectively. The states ®hown in Figs. 4A to 4C
are established under the precondition that Iaundry

13 tend fﬂopv?é] YR & dde%sgﬁaf}@%lﬁé gafodé oy 1§ #pressed

4A i 11 ust a es e case en r drum
S| QWi thatinfifr WM of Aurh B Bb Ghe 2RAnid kcel eﬁérated durmg the
floating on the water. On the other hand, Figs.

4B saﬁdielﬂf:ajcd:ellmtmhtﬁaabmtoésimhe@ dnfdelanafyt | Hrs Qﬁrned to the
drum 3 is increased to 60 rpmand 90 rpm

Accpdt ryrty! dege - a Thegrivedodbp ﬁgdéﬁeier@kmg@f dueréh laundry 13
Lift | b t at 12

ﬂ%ﬁl%%@fa@'g emsharg b5 e B RPen RS dae S rpd es own

f "gé;l%ﬁrg’ 31% T ngs YeaRls i1 ﬁ@aiogferalg@t Nt 1Iugze ! chgﬂmga{ troughly

er its own weight.  I'n ot er wor

| auypaeisbblit Zupiry e@tﬁemades@iﬁswwh@se lat@diy13 Be been lifted.
beat - washi ng state shown in Fig. 3A. Fig. 4B

i |l ustrabss. thedBt abé 46f shomatsamples g the w@lﬁenmdf 1aundry 13
Fig. 4C illustrates the state of _ beat- mashln%
15(7"11%%‘““&%?’&1%81“1"6’1 By pspgotot 1 pag AgeSEordonh e fcasch, wgd 2 sec,
shi.n n115 n th in bea
1d ﬁspe%gyelgmag rota ﬁntcﬁ' (g'flﬂf Fi xr']egac lesstgg ARE %}II% and? 80 rpm,

gr %E}?Jcﬁvé?c org @.Qa!té(s sk 2 Fiheata Washing eefaﬁﬁgiecv Snder the

al so greater. Mre specifically, even if the drum3
i s metonditiomital éadroirnas derdeve fat os wddeNaghvetn idrHiy 2A.
node, the floating phenonenon occurs if the rotating

speed 11Fig. M@Wtrmmb%?asetwrf mﬁ&wmgf drumt isgher.tad 40 rpm.

o Rl 9 RS ARG S w0t B, v
1:0Nig %L]d 4’& gﬂﬁpgﬁég &hat8E %%L?J @flé Q&altlrdn 0@ %rﬁaél; is ﬂ%reased to 60

rotatlon an Ing or by extending thet
eachnt ha@bd Qﬁm( piA¢Edriinicly, S 4 a[gmfo@aw@ewaﬁ@ g6eRn braking

pi vot drive. In
lift laundry 13 by agitating protrusion 12, and release laundry 13 to fall from
the inner wall of drum 3. Laundry 3 is beaten against the lower part of drum
3 under its own weight. In other words, laundry 13 moves the same way as
20  in the beat-washing stafe shown in Fig. 3A.

Fig. 4B illustrates the state of beat-washing from 90" and Fig. 4C
illustrates the state of beat-washing from 150°. The parabolic curve of
laundry 13 while falling is longer in beat-washing from 150" than that in beat-
washing from 90°, and the falling distance is alsc greater. Accordingly, the

25  beat-washing effect is also greater.

More specifically, even if the drum 3 is driven in the forward-reverse

sudden pivot drive mode, the floating phenomenon occurs if the rotating speed



5 the latter case, controller 7 extends the rotating
time of notor 4 of each rotation (pivot) in the
forward-reverse sudden pivot drive node, using
rotating time controller 11. Fig. 5 is a graph
illustrating the state in Figs. 4A, 4B, and 4C
respectively. The horizontal axis indicates the
rotating tine (el apse of tine), 10 and the vertica
axis indicates the rotation spéed and the rotation
angl e of drum 3, and the angle of the position where

of B0tk Fovtes dnd Berlite sfHs S58 ob Pithre, § ok dopy pesipe stace
L?ng?§%tcﬁ§%ﬁb (gtli‘HHk ZonMBl &f fomh%vegggug% g@ﬂ&ﬁ% control

um 3. en the speed of rotation o
I eagiBSadfdr hpilcahiien i6lkhyist@rt of FotaBbRand Vrakink or by extending
second, laundry 13 floats at point A In other words,
t hetheitiee pfpachnetation dpivbgde the f@wardnivetre sadderapivagdrive. In
fog;g js small. Thig state iﬁreﬂuivalent_ to the
¥l iir"l‘ét%t"&ﬁ% QRYRHET FFgRag ADe AR ED R of pgtor 4 of each
driyven.for. reaches. 60 r . :
SR lpivhy pRE B3R G b B b G ARE g ot ot
t o fike cheirbpifiace of drum 20 3. Laundry 13 then
falls fromthis position. This is beat-washing state
from 90, Fas 3hown grapl-iifust4&ing rth hetste Cias Frgedrdan 8B, and 4C,
r ot at ed (pivotedg t hrough about 300. Wen notor 4 is
dr i espedtiyelyp Feberdgontahaxis iadicabes shecrosatbgotimsnielapse of time),

aund 13 i,s Jifted.,to, poj.nt at aboyt 150" wi.th

14 o B s Verstiah i GRsRIBo ey SRept g eaiiingn anele of
13 £ al ¢ s hati _
poaih 2 i Byr D b Bbe AARIGe] Bfene EN 37 fal it eference to.
Casthe Bbtiom Bed 6 drabas e dThdewal @@ vart ducordahs oty RO 1aundry
(one turn and 240" rotation). 12 In the above
dest? ipdivon 3, witer hdamenashithe detete df dramPosed by

pi voting _drum 3 through about 300 to 600. However, o
the angl 8&bety Bentheet g 10190 of LRPS 3 Hgghes 4P arangfier driving

15 A8 GNPRIG S ARRT PRIRY S AEPENSHNTA O CARG! LLODS the Lifting
angle is close to 0°, and the agitating force is small. This state is equivalent
to the floating state shown in Fig. 4A.

When motor 4 is driven for 1.5 seconds and drum 3 reaches 60 rpm,
laundry 13 is lifted to point B at 90° with reference to the bottom face of drum

20 3. Laundry 13 then falls from this position. This is beat-washing state from
90°, as shown in Fig. 4B. In this case, drum 3 is rotated (pivoted) through
about 300°.

When mofor 4 is driven for 2 seconds, and drum 3 reaches 80 rpm,
laundry 13 is lifted to point C at about 150° with reference to the bottom face

25 of drum 3. Laundry 13 then falls from that position. This is beat-washing
from 150°, as shown in Fig. 4C. In this case, drum 3 is rotated (pivoted)

through about 600° (one turn and 240° rotation).



such as the size of drum3. In the forward-reverse
sudden pivot drive node, 5 drum 3 repeats

suddenl y-accel erated rotation to a rotating angle
exceeding 90 but within two turns and a sudden

braki ng. The forward-reverse sudden pivot drive node
is disclosed in International Publication No.

2008/ 0999547. As descri bed above, vibration detector
6 detects the vibration accell8ration caused by
falling laundry 13. As a result if the floating

state of 0 t ct troller 7 .

her casc® R 2bPHT ARGk b TSR BT HPE A Prigtposed by pivoting

r ot &g tﬁﬂﬁgﬂ a%%ﬁ% 5eb! & 6@(9 ﬁio%v@#é}aﬁﬂevﬁéle LA Al Bfited to

time control ext ends the conti nuous d?lVlng

t i neisofanget @héaﬁﬂe&a@@@dﬁ&@eﬁl@@ﬁb@tfﬂm@.depéﬂikﬂﬁg on conditions

nmet hods of control inprove washing performance by

c hatwgh g thdeize fof damiondy §na:he foryarfyeetsess swisiehinigpt drive mode,

§ta e. 15 Alternatively ontroller 7 detern&nes
PatFrRegte sy nlpfrétfaelre%e rotBen B 1 Efatieg gREle Sreeeding 90°

t hem{t%ﬁfn!no& ftupx{ g%g & Qufii bn glfaﬁ%{/ﬂeé Ch![‘ {otrwgrd reyerse sudden

rward- teverse sudden pivo
Wasgmr&sﬂrﬁ:@ ok S¥eTB RAER1RYd E@Int@ﬁa@iahMmﬁaﬁB@ No. 2008/0999547.
beat - washing state. |f laundry 13 is determned to be
f | oat i ngAs nddsaeibédr abee; r eberteom dRfect@ntd ndeoverss ptheotvibration
drive node, laundry 13 may renain floating even after

t heacoelpradiop sausdc by &dling laundry dPwaidia T gbthafepsing state of

I vot rlve i f. the dis.low
1§ o1 Gy EiBitertety psofef of adReRFREF rubumdripea ap grotor 4
of [ pe
S A R0 il o
Al t eftdralsi thel donti@@bliE Qlriviie TineX be MdSort BEhyC QNdreNeBHEINeS value.
driving tinme of notor 4 by a predeterm ned val ue,
usi 'Hopse onettbods ofi ermtrad omtnrovd evashing perfofnfampenby chheging the
7 switches the node to the forward-reverse sudden
plv%W“H@ﬁVﬁeﬁbageﬁﬁ@ﬁ”? ﬁ?“ﬁS is deternmined to be

£ | oati NGy et Qa?tll adlfa gdonftm%g d?tanPnl%sA'tga? gr o nryo%3 H‘I éloating,

Accordlng s pre er ab u
controller 7 controls the rotation of drum 28 so as to switch to the forward-

reverse sudden pivot drive mode to improve washing performance by re-
establishing the beat-washing state.

If laundry 13 is determined to be floating in the forward-reverse

20  continucus pivot drive mode, laundry 13 may remain floating even after the

mode i1s switched to the forward-reverse sudden pivot drive mode if the

rotating speed ig low. To solve this, controller 7 increases the rotating speed

of motor 4 using rotating speed controller 10 even in the forward-reverse

sudden pivot drive mode. Aliernatively, controller 7 extends the continuous

25 driving fime of motor 4 by 2 predetermined value, using rotating time

controller 11.



forward-reverse sudden pivot drive node short as nuch
as possible. 5 Accordingly, controller 7 returns to
the forward-reverse continuous pivot drive node from
the forward-reverse sudden pivot drive nbde as soon
as the state changes fromthe floating state to

beat -washing state. Alternatively, <controller 7
extends duration of the forward-reverse sudden pivot
drive node depending on a dedBee of the floating
state, or executes the forward-reverse 10 sudden

i vot d nd., t.h d t .
B: vor aft PRHHE T ArER PSSt ET iR ahgden pivot
qxﬁ'@trﬁm{el Pabh N |1§L1Q ﬁ@yerﬁle@fmb@héﬁmlég@% R)#ﬂfaﬁgﬁed to

ng performance by lifting up laundry
botnidnr ag@refks. drﬂmosdahglyp\ie s PReRPcbiel 0 PRAIAY duration of the
| aundry 13 to beat it against drum3. In particular,
i f forwardueedtrsonswidenheifoor deivel- moder skors uasklemugli vat possible.

drive is 15 extended, a_percentage of the
5 oma?rgﬁ}gio éP%féOE%rda éﬁuﬁ?wt haﬁpwrﬁ&agerﬁ%aqntmuous pivot drive

denn fo ncr.eases

{ panode te‘%at 0 aun érg%éggen dé%ggfﬁ Ode_fiﬁ %Boxk Bs the state
furchgﬁées' ROV tﬂﬂﬁtﬁﬁ@S Biab0 Rebor-FRNGRs HHR.  Alternatively,
floating state is caused by factors such as nmany

sy rbhiebdliie- T abiends dutein deihegopradenyensa shddendsiyotlBrive mode
hi gh water |evel, and too many detergent 20 bubbl es.

| n depending gut pdsgreprd the dleaiag aitaicepr IeX%caFﬁsUélesferwd reverse
after starti t he ope Ther ef ore,

r @Pgﬁ%{bplgo’f Hgff b dat%lia (%elrw(ﬁrg d:ﬁxéqxaeegonémuous pivot drive mode

%@%&%ﬁt@lgg g‘ril‘lh%%éag%&é ¥t Ofnt @ b&bqlté!‘% né Bf }f@ﬁ%ﬁ 93, and also

rain unit (drain v

pr Q8QrSfRIvIRMitd PBribrimdrb MeHitihg dpslaﬁﬁﬂﬁf m f66l dhe bole@,m face
floating. O, a predeterm ned quantity of washing

watod drim &vashvarg)(f abpd 2irgdpinatepeirdilSdhdeged against drum 3. In

regardl ess of the openi aﬁtlne of drain unit 15.
t hé)ar?l'é‘@%r bre dyBRtARC A tf@FWﬁHéi ’E?I"?‘ff'P r?'é‘fié?il piyot Hr%m mode is

1 oN e%ndedt erefr o%t Iengf t%} g{o%’wal%n ervert‘s‘g' suddel% Ip%)VIO{ nvs dnode that

ef & vely *sorvedi n a0
on &nﬂﬁ%ﬁ@es%gh%%lﬁﬂ%&ff@fﬁ&&fﬁ%gésoﬁ @ state that laundry

frequency conponents descri bed above, in the drum
r ot kst tieRds &pfed. c Thisrfaktheeidiotbvanthe washing performance.

The floating state is caused by faciors such as many synthetic-fabric
items being present in laundry 13, high water level, and too many detergent
20 Dbubbles. In these factors, the high water level can be solved after starting the
operation.  Therefore, it is preferable that controller 7 discharges a
predetermined quaﬁtjty of washing water in washing tub 2 by opening drain
unit (drain valve) 15 for a predeétermined time if laundry 13 is determined to
be floating. Or, a predetermined guantity of washing water in washing tub 2

25  can be discharged regardless of the opening time of drain unit 15. If the

factor of too much water is eliminated by this control, the floating state can be



programin this exenplary enbodi nent, the floating
state of laundry 13 is 5 determ ned based on the
frequency conponent of vibration accel eration of
washi ng tub 2. The determ nati on becones nore
accurate by evaluating at |east two vibration
accel erati on conponents in top and bottom |eft and
right, and front and back directions. In addition,
the floating state can be detldrm ned w thout the

i nfluence of washing water by determ ning vibration

10 ,accel eration b [ti 1N ot.atin eed.of drym

3 6 TioRe ey el g ARG ot el PSR fn & deBree of
| a 1 1] Lg, the rotating
sp%g%re%%el%gth %‘% Q%E)Q{t{spxﬁnﬁ%r&elggg% édgﬁjs%hlbl?tg to the

beat - wasd¥ Agscsibad @bodd, ,intihe aarmiBltAingnideod BAtlol method and
reverse continuous pivot drive node is switched to

t heorbgranm g -theveresplayderehodibepit, vt Srating sretbeof Bundry 13 is
t he mashing mater_insgge washing tub 2 js_discharged .

5 o detsrminat agee op dbeofrewrenc ecomns)at%a% ghgpiaon prepdgration of

ways_ of cont r,ol ef fiecti vel wi tches tao the :
peal 2T WG st AP CREBERIRGP R EE? vt gjpeby cvaluating at

Washi R Gw RIS ftdlerdtidh QYL eARIARNE aN@ Bt fégﬁdand right,

rinsing. As described above, by the rotating spee
condndolfroreet hodl lawed firegioam 2 fadditiohe tHe Ufiodtifge state can be
washi ng machi ne of the present invention, the o

f | oletemrgined atichoupthe anfluemge ©AWashingevaier bH detpsadnipg vibration

10, UG B ST eGP BBy P b bv fh mumber of
dr '&%ﬂ%}ﬁ%ﬁ?@ﬂgslfHChine of the present invention

prevents t oating of the laundry based on the

det ect edifi @il 33 id aterihREQYIBAHI0MRSR the rafadinkispsd e motor 4
performance by 25 controlling the drumrotating speed
andisrintm@bsauigtotshife to thedept esehing siwent Dorthe insrmhludrum forward-
broadl y appl.icable to washing and dryi ng machi nes and
buslfeﬁé%%’-cag'@ﬂ“%siw%ghﬁ‘ﬁ%?@?e’ss,S“flwha%%ﬂ Wredrrmdrerse sudden

I%Eﬁvﬁgﬁﬁ'ﬁ% %{oﬁg.c 2%12% siie gﬁ]a%]éunchéla er i%‘s'idéa‘ W%E#l@gttxgg is discharged

to eliminate one factor of the floating state. These ways of control effectively

switches to the beat-washing state. Accordingly, the drum-type washing
machine can achieve preferable washing and rinsing.

As described above, by the rotating speed control method and program

20  for the drum-type washing machine of the present invention, the floating state

of laundry can be detected based on the frequency component of the vibration

acceleration of the washing tub. Furthermore, the drum-type washing

machine of the present invention prevents the floating of the laundry based on

the detected results, thus improving washing and rinsing performance by

25  controlling the drum rotating speed and rotating time. The present invention

18 thus broadly applicable to washing and drying machines and business-use

washing machines, in addition to home-use washing machines.



a casing; 5 a washing tub supported by a resilient
suspensi on nechanismof the casing in the casing; a
drum having an agitating protrusion on an inner
peri pheral wall thereof, the drum being placed in
t he washing tub for placing a |laundry; a notor
configured to rotate the drum 10 a vibration
detector configured to detect vibration accel eration
of the washing tub; a frequendy conponent cal cul at or
configured to calculate a frequency conponent of the
vi bration accel eration deteqﬁg@aﬁ¥ the vibration
detector; and 15 a controlle igured to contro
the notor at least; the controller configured to
control a forward-reverse continuous pivot drive node
i n which t he 1dAWRReR®R Wwashdig@hchianebni R ahge
rotations alternately at a rotating speed at which
the laundry ladasied’ up by rotation of the drumfalls
froma height at which own weight of the |aundry ,
®xceeds a ceﬁ’t‘f"i‘ﬁfbd’@%fm SERReTteA Py s Hiegt sypRsnEioR mesbanism of
conh{qgg%rh9§£ﬁ£ghpgs a state of the laundry inside
t he drum-@ur I'ng one’ of washi ng and rinsing, based on
a result recg y&fn QM hheaditSRABeI6HuEOANAN8Rtinner peripheral
calculator. 25 2. The drumtype washi ng nachi ne
accenlithgedfothel drium Being wiereé in theveashily athi fon piteirgct nndry;
i ncludes at | east one accel eration sensor configured
to detect a vibeiericonfigeed tereatedhedswdonent of the

shing 16 tuh in. at

| east t of. a vertical . ;
irection, a%yPEad ‘?‘?"E%ﬂ% synaguredto;dsfect Xﬁﬁaﬁon acceleration of
sec gggigﬁﬂtal direction that is different from
t he ﬁ?st_ ori zontal direction; and

a frequency component calculator configured to calculate a

1

frequency component of the vibration acceleration detected by the vibration
detector; and
15 a controller configured to control the motor at least; the
controller configured to control a forward-reverse continuous pivot drive mode
in which the drum repeats forward and reverse rotations alternately at a
rotating speed at which the laundry lifted up by rotation of the drum falls
from a height at which own weight of the laundry exceeds a centrifugal force
20  theretos
wherein the controlier determines a state of the laundry inside
the drum during one of washing and rinsing, based on a result received from

the frequency component calculator.

25 2. The drum-type washing machine according to claim 1,
wherein the vibration detector includes at least one acceleration

sensor configured to detect a vibration acceleration component of the washing



the controller determ nes the state of the l[aundry
based on 5 vibration accelerations in at |east two
of the directions obtained fromthe vibration
detector or a sumof vibration accelerations in the
at least two of the directions. 3. The drumtype
washi ng machi ne according to any one of 10 clainms 1
and 2, wherein the agitating protrusion is one of
agitating protrusions, the cdftroller calculates a
di fference between vibration accelerationin a

fr enc d rec |ve framthe fr C on

c ol B RS U B A Dbt £ G Prripoial REHEn, and a
pr %gfotu r]:mrﬁgﬂtdcl r(ﬁf&ﬁgﬁ YR80 difrdrB8t ﬁ'\‘ﬁ&bﬂh@tﬂr&rhonzontal direction;
acceleration in the frequency band being a val ue

obtaidned by 15 nmultiplying a rotating speed of the

drum by a nunber of the agitating protrusions; and

t he control | éhe dentoltmdsieranes ke |staiadifythe slaundry based on
floating in the drumif a cal cul t|o result exce S

% prirgbpRrafcaletriane i al leah it 3& 5ef Bom the
nacv%x:g%o Cd%?é’cgérncgﬂ % l? it oY vﬁ)Pgt 81& ac&?er? 1 sr?ﬁ tﬂie 591 %St two of the
wherein contr I el ude ed
conﬁﬁghbﬁi conflgured to change a rotatlng speed of

the notor, and the controller increases the rotating

speed of the notor using the rotating speed

controller if the laundry in the drumis detern ned

to be floatihgFhesirsmtype wrahing _\,rpéchmsﬁmegd%&m #gy one of

rding to.a e of _clai 4, wherei
@ ort B e Rdn B RBFBER 16 o PRURHF OBy s 1 9 aitating
ﬁ{)trgglo}ig nﬂl@e éo@ltx\m&:hcz}lbﬁagé'su@ rQRfeddme betw en vibration
acce erated rotation to a rotatlng angl e exceedi ng
90 Qublemitioni M tavFrdoguens BRE arcbéigkd Tgom ahd ﬂrélﬁlency component
controller controls the notor such that the
f or sedrudator wed sebragiont dacelotediopi Mot paedelemipdefrbguency band, the
switched to one of the forward-reverse sudden
vibration acceleration 1 the frequency band being a value obtained by
15 multiplying a rotating speed of the drum by a number of the agitating
protrusions; and the controller determines that the laundry is floating in the

drum if a calculation result exceeds a predetermined value.

4. The drum-type washing machine according to any one of

20 claims 1 to 3, wherein the controller includes a rotating speed controller
conﬁgured to change a rotating speed of the motor, and

the contfoller increases the rotating speed of the motor using the

rotating speed controller if the laundry in the drum is determined to be

floating.

5. The drum-type washing machine according to any one of

claims 1 to 4, wherein the controller can control a forward-reverse sudden



5 pivot drive node, or the forward-reverse sudden

pi vot drive node and the forward-reverse conti nuous

pivot drive node are alternatively performed, if the
laundry in the drumis determined to be floating in

the forward-reverse continuous pivot drive node. 10

6. The drumtype washi ng nmachi ne according to claim

5, wherein the controller increases a percentage of
executing the forward-reversel7sudden pivot drive

node against the forward-reverse continuous pivot

?glp\éveot r%)vaet ?Hag 1%%&1911%#1% A.ré((jm 1% %&J]cg tjz’elllerﬁte% r% E{:tle({%l. tonaegotatmg
aCGRL HQed AndDY tﬁﬁ%nﬂ{m tﬁrb%hﬂ?ﬁ:, a{ndtapbf!aklﬂ@ ghei n t he
controller can control the forward-reverse sudden

pi vot .drive nheeontholishicohtrohetharmotor epelatlsat the forward-reverse
accelerated rotation to a rotating angle exceeding

90 cnntmmushmﬁoft Ve WA ISawt%heldrfamnﬁ @f thintprwhed reverse sudden

control in eas enta
o I e S 08 oh Toar ISP URES gRiden TiSak dxiga mede and the

th t.dr

thﬁoﬁ’ el AR t%%‘*ﬁ‘ée AtEaPAE pekibrmed, i
. thB qaaﬁwf&ayﬂhe HAEN N GetbRERIed &0 ARCAFAINETint the ABYwBBEreverse

of clains | to 7, further conprising a drain unit

corbngunexs pigotdirsechaedpe washing 25 water in the
washi ng tub; 18 wherein the controller discharges
the washing water in the washing tub for one of a

(Predetern1neqi ?ﬁ Hgmélgnd ai£ edeter ned &¥&§% to claim 5
t D,

the laundry in I'ng.
5 1PherPRUMe TXE&OME]’%@SMN&@E@X%@Iumﬁg A\e forward-reverse

drumtype washi ng machi ne i ncludes a casing, a
WasHiddgn tpidnt dive mode against the forward-reverse continuous pivot drive

mode, if the laundry in the drum is determined to be floating.

15 7. The drum-type washing machine according to any one of
claims 1 to 4, wherein the controller can contrel the forward-reverse sudden
pivot drive mode in which the drum repeats accelerated rotation to a rotating
angle exceeding 90° but within two turns and a braking; and

the controller increases a percentage of the forward-reverse
20 sudden pivot drive mode against the forward-reverse continuous pivet drive

mode, if the laundry in the drum is determined to be floating.

8. The drum-type washing machine according to any one of
claims 1 to 7, further comprising a drain unit configured to discharge washing

25  water in the washing tub;



drum a notor, a vibration detector, a frequency
conponent cal culator, and a controller. The drum
with an agitating protrusion on its inner periphera
wall is placed in the washing tub for containing a

| aundry. The vibration detector detects vibration
accel eration of the washing tub. The frequency 10
conmponent cal cul ator calculates a frequency conponent
in the vibration acceleratiof®detected by the

vi bration detector. The controller controls a

forwar d- 1 evelerd Vi NLRH IRk UBlkoilkkke (D Ach Al0uldOm the
deternmines the state of laundry in the drum during

washishiheQub foNGiaNgf, o pasletbrofinal §eaiilty andcepré@ekerhim@Mtime, if
the frequency conponent calculator. 15 FIG 1
the laundry in the drum is determined to be floating.



