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
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5t UTERHNECAUPPEELIDed in casing 31 by suspension
mechanism 34 so as to be able to rock. Drum33 is
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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 lsertrolpg she washge ynachine to perform optimal washing. This controlier
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estimates the movement of laundries based on the 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.



38 is washed or rinsed by the agitating novenent of
beat -washing. 2 Sem conductor accel eration sensor 40
is attached to washing tub 32 and nmeasures the
oscillation of washing tub 32. Controller 41 detects
the novenent of washing tub 32 based on the changes
in the output of sem conductor” accel eration sensor 40
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washi

identifies whether or not a laundry is floating on the water surface, in order to achieve optimal

washing,



conponent cal cul ator configured to calculate a

frequency conponent of the vibration acceleration

detected by the vibration detector; and a controller

configured to control the notor at |east; the

controller configured to controJ] a forward-reverse
~continuous pivot drive node i mhich t he drum

repeats forward and reverse.rot ons al ternate
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Accordingly, the state of laundry inside the dram can be accurately determined
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. 4Aillustrates an operation principle of the
floating state in the forward-reverse sudden pivot
drive node of the drumtype washing nmachine 5 shown
in Fig. 1. Fig. 4B illustrates an operation principle
of the beat-washing state from 90 in the
forward-reverse sudden pivot drive node of the
drumtype washing machine shown in Fig. 1. Fig. 4C
illustrates an operation princ#ple of the
beat - washi ng state from 10 150 in the
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dr ume@ungrehiovn 1 Fagi brat i on det ect or 6, frequency
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Fig. 6 illustrates a structure of a conventional drum-type washing

15 machine.

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.



Agitating protrusion 12 |ifts up laundry 13 as drum 3
rotates by driving notor 4, thereafter |aundry 13

falls back by its own weight. In this way, this

washi ng machi ne washes |aundry 13 .in the beat-washing
manner. Mdtor 4 is typically configured with a

brushl ess notor, and its rotating 5 speed is

vari able. During washing, notor 4 repeats forward and
reverse rotation, alternativeby. Washing tub 2 is
supported so as to be able to rock by casing 1 that
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the vibration acceleration of washing tub 2 in at least one of the vertical
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



Frequency conponent cal cul ator 9 applies Fourier
transformation to vibration acceleration detected by
vi bration detector 6 so as to extract a 6 frequency
conponent. In other words, frequency conponent
calculator 9 «calculates the frequency conponent wth
respect to vibration acceleration detected by

vi bration detector 6. Freguency conponent cal cul at or
9 is configured with a mcrocenputer, and applies

di screte Fourier transformation 5 (DFT) or fast
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washing or rinsing, based on the result output from frequency component

15 calculator 9.

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



Controller 7 determ nes the floating state of |aundry
13 inside drum 3 depending on a proportion of the
frequency conponent of the vibration 25 acceleration
cal cul ated by frequency conmponent cal cul ator 9. Next,
the structure of detection and control in line with
the operation principle in the forward-reverse

conti nuous pivot drive node |s described with 7
reference to Figs. 2A through 3B. In the
forward-reverse continuous pivot drive node, |aundry
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on the water due to factors such as
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15 agitating protrusion 12 just hits the water, in spite of the rotating of drum 3.
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 washing 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



20 This state is hereinafter called a beat-washing
state. The state in Fig. 3Ais nost suitable for
washi ng, but the state in Fig. 2A significantly
degrades the washing effect. Figs. 2B and 3B
illustrate the results of frequency analysis relative
to the vibration acceleration of washing tub 2 by
driving drum 3, which is 25 detected by vibration
detector 6, in the states showh in Figs. 2A and 3A,
respectively The horizontal axis in Figs. 2B and 3B
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It is apparent from these drawings that the vibration acceleration
15  around point B is significantly larger than that at other frequencies in Fig. 2B,
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



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 inpact 20

vi bration caused by free fall of laundry 13.

Therefore, the change in accel eration generated in

drum 3 and washing tub 2 is extrenely small. As a

result, agitating protrusion 12 hits water supplied
inside drum 3. This nmakes theé?vibration acceleration
around point B large, and vibration acceleration at
freguenci her. around poi nt mal |,. In
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of drum 3 1 70 Liters and the water in washing tub 2 has a volume of 15 Iiters.

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.



15 val ue can be, for exanple, set between 0.7 nG and
1.5 nG when the capacity of drum3 is 70 liters and
the water in washing tub 2 has a volune of 15 liters.
If the floating state is identified, controller 7
increases the rotating speed of notor 4 in the
forward-reverse continuous pivot drive node using
rotating speed controller 10. This encourages the
agitation of laundry 13 20 todéther with washing
water in drumS. As a result, beat-washing, shown in
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nl'y-acce erate rotation o and aundry
13 gasakeliclcueeh, tOtHbde sHipRSite Rk Mundfwm Kas bEBEMiftedue
to the sudden braking of drum 3, laundry 13 5 falls
of f the FrmefAndBl and 48r shom3 ekymplrerafithe nByembhnsof laundry 13
inertia and its owm_ weight, laundry 13 falls to the
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(f rtesepCchlﬁeltﬁhgmi '&gteaﬁ]ggp%sdd' eera%hesaﬁa dr %gfrrf)?xﬁ amde B0 rpm,

hoW ek anpPe

NOVEERILivOlk. | P dEafesl dhowtDBD F@.'ééi Ma3td 20 G ‘é&ﬁhﬁéfhed under the
nmotor 4 in one direction for 1 sec, 1.5 sec, and 2

s egrecoh@ditic@sfiet tawelry 13 andisriotiaht on merdﬁm%nnaaﬁgem.
40 rpm 60 rpm and 80 rpm respectively. The states
shovvn i nFREi- ¢4.ilingrates 25 ease vempitroee drnoet istdlew, at 40 rpm.

eééﬁgb\lhtg% %EF& hat%%%r}g rﬂ){/:a%ggto%nt%% v%a?tez]: | %aJ th%notﬂlar gand Figs.

15 4B and 4C illustrate states where the rotation of drum 3 is increased to 60

|

rpm and 90 rpm. Accordingly, such a high rofating speed and sudden braking

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



Fig. 4Aillustrates the case when rotation of drum 3
is slow, at 40 rpm As in Fig. 2A laundry 13 is
floating on the water. On the other hand, Figs. 15
4B and 4C illustrate states where the rotation of
drum 3 is increased to 60 rpmand 90 rpm

Accordi ngly, such a high rotating speed and sudden
braking |ift laundry 13 by agitating protrusion 12,
and release laundry 13 to falll¥from the inner wall
of drum 3. Laundry 3 is beaten against the | ower part
of .drum
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150. The parabolic curve of laundry 13 while falling

i s theriiyee of sncheetatinndpivay if tberforgard texerse satldémpiyeadrive. In
washing from90, and the falling distance is al sc
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al s - ST R I ven |.f. the um.3 :

7 SRR, HIBF SRRESE rp U8t Yaa B Bk oyt iy ey Mg rotating
nodgmetchrbii@ati ng phenonenon occurs if the rotating

speed 11 is low However, the floating state can be

swi t ched Figp 3 he sbesdphwaBhstagtisg ahe stdyy swFighiddg 4Beand 4C,
driving control to forward-reverse sudden pivot drive
corespectivilyt hTheabeparondeloariaindicans the Toheting time (efapse of time),

1, 2cFd S SPaieal Bro gL IR 1 170 thepRaHs iatrielisp anle of
Pl V@h, 05! %ﬁd tﬂerlan%le} g@tﬂe%ots’g{jonc@ﬁ&'e 1%8%#& glglcfﬁﬁs ziith reference to -

ext ends t e rotating ti ot or

r ot gHel KoftoEPiakOb)driuth §.heThaeWalbevayedserdsittheihe Ry MO laundry
drive node, using rotating time controller 11. Fig.

5 i §3 @ druaph, viteuvdinme, pgd the deteie df driEngs. 4A, 4B,

and 4C, _respectively. The horizontal axis indicates _

t he rot atW]F,pg:L f&}en@e(s@oép@éateﬁn of H,g.)m 3 reaches 40 rpm after driving

15  motor 4 for 1 second, laundry 13 floats at point A. In other words, 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).



10 and the vertical axis indicates the rotation speed

and the rotation angle of drum 3, and the angle of

the position where laundry 13 falls with reference to

the bottom face of drum 3. These val ues vary

according to the type of laundry 13 in drum 3, water

vol une, and the dianeter of drum 3. Wen the speed of

rotation of drum 3 reaches 40 rpmafter driving 15

nmotor 4 for 1 second, laundry 123 floats at point A

In other words, the lifting angle is close to 0, and

the agitating.for state is . ..

cqui val ot oo T A TR PPy PEAT EASRORAAGH Hmpossthby pivoting

Wi, A% Qﬂro%ghsab@'h% weh° fPBock: SHﬁ%gmdﬁheamglgg 40 ﬁot limited to

reaches 60 rpm laundry 13 is lifted to point at

90 thid funeef eTlenaeglearahbe chotded rﬂpﬁ)ﬂﬁ)@m@élydiekiﬁmdlﬂ@ 08. conditions

Laundry 13 then falls fromthis position. This is

beatuchas fihngze vadeutr HmigGhe ferwsmdwererse FidgengByot|drive mode,

%hi case, drun1 is rotated gFIVOted) t hr ough . about
WreFrrRatsoddenly aresloraied Brtabon b Friating Aasly carreding 90°

re a r S d i nt..C at
bartt R Rt HRET s gl 2 RRbhs i Bloe sudden
dr Usoe- drive WisHels Bdscldied id BltbShahioam BhRicales Nol 2608/0999547.
This is beat-washing from 150", as shown in Fig. 4C

In this Aasdgscribedn 3bowe, rabedtech (deitactdred) dettdutouthe vibration
about 600 (one turn _and 240" rotation). 12 1In the
aboaﬁéelar@@@wmw%hby faling ndprdRi nds 8ravdt,iif thedlepsing state of

m 3 throu out 300
‘? heaHﬂ i 6eiRude) PRl OB ringe R gRR g PaRY P motor 4
' RS <HEHY L@E@'m_ dependicna: '
suc as tﬂg %fze 0 run13. In tﬂgi&gﬁaatgﬁﬂg&%%ggﬁnﬂﬂbr11
SuUdgeimdai thet colbinteuiERAnd tilidl 6f Indt@P@HS a predetermined value.
suddenl y-accel erated rotation to a rotating angl e
ex CEewe nget®0ds wft conittdli mprwee twashsgaperiornsarddeby changing the

br aki n The forward-reyverse sudden
ﬂoatlgng state to the beat- Wash?ng state.

15 Alternatively, if controller 7 determines that laundry 13 is floating,
controller 7 controls the rotation of drum 3 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.



pi vot drive node is disclosed in Internationa
Publ i cati on No. 2008/ 0999547. As descri bed above,

vi bration detector 6 detects the vibration

accel eration caused by falling laundry 13. As a
result, if the floating state of 10 laundry 13 is
detected, controller 7 increases the rotating speed
of notor 4 using rotating speed controller 10.

Al ternatively, rotating tine d8ntroller 11 extends
the continuous driving time of notor 4 by a

det i hed l.ue.. .Th hod trol .
ot ove FWEEBNTHHSE JoF VSRR GE Byl G PR o spidep pivot
st %trﬁetr{?oéehﬁh%? ity RnY astRhEnedl R B 6L :tIYeeiQ\éd dpblied to

controller 7 determnes that laundry 13 is oat I ng,
CORidted l4eincle@AL I Ab&rdinglyr ot ad ipetfeedblé rebl NhdkeS QuddidrO of the
switch to the forward- reverse sudden pivot drive

no dewagd irayarey eswdishi mvoperfive nmrede blyort eas much as possible.
est abl i shing the _beat-washing state. If laundry 13 is .
Sd e PRI conallsy b EFtIRRS ‘iont%@ HerToAmaYss eqpetndgus pryot drive
conti us .pi ot drive I -1 remain

£ QRO B Bl P SRl PUREE b ol o5 IR e tho state
f orchRAlsl ML StheSUREBR PO @F ID4S-WREENE T sthR€  Alternatively,
rotating speed is low To solve this, controller 7

i neoeiasks T betendt dizrariprsofcde foofamoteosrsd suddangpivot drive mode
rotating speed controller 10 even in the

f ordﬁmred%né\p@r%éeg@@déethe plogbne ditatge opnggrecutes the forward-reverse

ternatively, controller 7 extends the continuous.25
W [UARGP PIVRE EPS IGrnd i SR e deTaPn P 0N BOL diive mode

usi [ i I . e
VSLBAALR | PRedd o SPORERBEocls e b SOUERLS lad e
Pi ifprébiek \tea JHDELE p¥WTSHn d il BETLihG dpSladaler 18 A6E $he Hiftom face
floating, the load applied to notor 4 increases.

Acodrdgumg} v over 90 apr efreprabg dowpirpakeo dertttiagningf diire 3. In

f orwar d-reverse sudden fivot drive node short as much i
as R5BE&ypr df the duration of the forward-reverse sudden pivot drive mode is

15 extended, a percentage of the forward-reverse sudden pivot drive mode that
demonstrates high washing performance increases in the gtate that laundry
13 tends to float. This further improves the 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



5 Accordingly, controller 7 returns to the
forward-reverse continuous pivot drive node fromthe
forward-reverse sudden pivot drive node as soon as
the state changes fromthe floating state to
beat - washing state. Alternatively, controller 7
extends duration of the forward-reverse sudden pivot
dri ve node depending on a degree of the floating
state, or executes the forward4reverse 10 sudden

pi vot drive node and the forward-reverse continuous

pi vot .dri node | ternately. These of contro

or OREE FRORT D oBr TRORUPY RS S oD TR e teeee of
MRS fbRth b O] PRAGRILCHLEG WhndoBbidrY 13 Trom the
bottomface o rum3 to over 90 an roppi ng
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water in washing tub 2 25 can be di scharged

r egangéressedotfo shife topertieagwashmeodtagr aln thainprmsl diuim forward-
the factor of too nmuch water is elimnated by this
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f r eQUANAHEOPRORERE I 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.



As described above, in the drumrotating speed

control nethod and programin this exenplary

enbodi ment, the floating state of laundry 13 is 5

det erm ned based on the frequency conponent of

vi bration accel eration of washing tub 2. The

determ nati on becones nore accurate by eval uating at

| east two vibration accel eration conponents in top

and bottom left and right, akd front and back
directions. In addition, the floating state can be
determ ned wi t hout the inflqugsgff washi ng wat er by
determining vibration 10 acc ion by nultiplying
rotating speed of drum 3 by the nunber of agitating
protrusions 12. If laundry 13 is determ ned to be
floating, tha.Adram-figeRebthOhathdtorpridifisgi NCr eased
to shift to the beat-washing state. O, the nornal
drum f or war d-a caenngi se conti nuous pivot drive node is
switched to the forward-reverse sudden 15 pivot drive .
fode. O, thé FRARHRH @“}i’/\é’t‘@%"r? Moice Rf AYSRegEop mechanism of
dis har%%% 0 elimnate one factor of the floating

state. - g%]ﬁﬁvﬁn%ﬁ control effectively switches to

the beat - washi §g:8 tighens AGCOAGLRG! protrhilien Wl b i¥RE peripheral
washi ng machi ne can aéileve preferabl e washi ng anJ)

r i ngblgherds, testrunbednapdaced ibyhe ashing athi fog pipaadc laundry;
control nmethod and program 20 for the drumtype

washi ng machiareowt conideyred e metaterhe dEw®dn, t he

1ot eon VBl SR i 858 aBeruion of
accghg&g%5%§:gf the washing tub. Furthernore, the
e wash

drumtyp ing nachine of the present invention

prevents the f ltaafuengy Qontpdaehinusidtilidrasesi@ied tfa€calculate a
detected results, thus inproving washing and rinsing

per freqweancg eobyoimt cgntheovibiaigpnt heeldratimor detatted goysfheedbration.
and rotating tine. The present invention is thus
broéﬂpﬁnﬁﬁﬁaicable to washi ng and dryi ng machi nes and

1BUSI neoS. e, uaRi g TSRS b Moot {01 oh ol Weiensti e
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



15 CLAIMS 1. A drumtype washi ng machi ne conpri sing:
a casing; 5 a washing tub supported by a resilient
suspensi on mechani smof 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 M bration accel eration
of the mashing tub a frequency conponent cal cul ator

confj qur t | ate. freqguency. ¢ onent of th

o BPh R et ot o' kPl e BORE EnE TREPER gfrechit and o
dets@&ﬁﬁrhorﬁﬂﬂta}t QifecRONEERL QirFaent HOH & thQ Hb?ﬁgﬁi%h direction;
the notor at least; the controller configured
cordndol a forward-reverse continuous pivot drlve node
in which the drumrepeats forward and reverse
rotations al the mantiollendewrminesathngtaipeddibat lawhiich based on

t he Iaundry Ilfted up by.rotation, of the dru
¥ r oHPrEUAB An6EleEA RN o ty)m%wg’h?f be aHrections %Wnetf from the

excvﬁg]%ﬁog &8 g&l S0 (@ bf2ati60 PE{&E%S i AL &l faagg&m of the

cont erm nes ry Insi

t hegidichgnguri ng one of washi ng and r|n3|ng, based on

a result received from the frequency conponent

cal culator. 25 2. The drumtype washi ng nmachi ne

according to claim1, wherein the vibration detector

i ncludes at |%abke GHBmATRR vErERGmachine according to any one of

10 claims 1 and 2, wherein the agitating protrusion is one of agitating
protrusions, the controller calculates a difference between vibration
acceleration in a frequency band received from the frequency component
calculator and vibration acceleration in a predetermined frequency band, the
vibration acceleration in 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



sensor configured to detect a vibration acceleration
conponent of the washing 16 tub in at least two of a
vertical direction, a first horizontal direction, and
a second horizontal direction that is different from
the first horizontal direction; and the controller
determ nes the state of the |aundry based on 5

vi bration accelerations in at |east two of the
directions obtained fromthe ibration detector or a
sum of vibration accelerations in the at | east two of

the 1v0§|¢{r1v%t :r!ngli]e in Wh;lch q:ﬁ ; umlite PSis %@a@erg%g roga,]lon to a rotating
accor |ngto any one o C

t hgnag éx%&édiﬂ% 6t Hﬁt}ﬁﬂ thy® tRAR Ad Aliakdld; BEd

protrusions, the controller calculates a difference

bet ween vi br ahé¢ etntrdize ebatrais e motoa sheke guanidy fhewdtd-reverse
recei ved fromthe frequency conponent calculator and

vi [spaiinuensapived &res mone insveitreddetone ml Heforwarieayeyse sudden

band, rat ccel eration the f en
Al el SR (b B R B SHS BP0 AoV Mdde and the
r Otﬂ?ltv!raﬂ'q 1%9@1%9 c&flt&ulﬂcﬁlsdﬁlgm m‘w@ Mb {erhgﬁx{eel)rz r%eﬁfgzémed, if

agitating protrusions;” and the contro

t hghe tiREnd3URGILY drand (0adtbR@ined thhR fichind infthd forward-reverse
calculation result exceeds a predeterm ned val ue. 4.
Theodtinpeus/pgotvirstsi mgderachi ne according to any one of

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

rotating spe g% 4} npt or d the controll o a
10 hereases th:E’dr at r‘f@lms"foneeaV 11ghe Aot Sr aﬁcsolr?}eiélgt ke claim 5,

r Otv@ﬁér@ﬁl ﬁﬂ%ﬂtrﬁﬁ&t ﬁn@i'elagés é Eefcgﬁtag@'dflnge\fuﬁﬁ‘g Emaefogv(rm “reverse
is determned to be | oati ng.

sudden pivot drive mode agamst the forward reverse confinuous pivot drive

o

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;



5. The drumtype washi ng machi ne according to any one
of clains 1 to 4, wherein the controller can contro
a forward-reverse sudden 17 pivot drive node in

whi ch the drum repeats accelerated rotation to a
rotating angle exceeding 90 but within two turns and
a braking; and the controller controls the notor such
that the forward-reverse continuous pivot drive node
is switched to one of the forwdrd-reverse sudden 5
pi vot drive node, or the forward-reverse sudden pivot
drive mode apfloldip " WANLE VEEIBrEAN UL WD aler in the
drive node are alternatively perforied, if th

| asndhihgl tab tiicorl offa pfeddtrafing edhritity kmdfad mﬁbﬂégmhﬁed time, if
the forward-reverse continuous pivot drive node. 10
6. tithirugdmin theatrumsisidetermdoed febeelbwomdi ng to claim
5, wherein the controller increases a percentage of
executing the forward-reverse sudden pivot drive
Smode agai nst the forward-reverse continuous pivot
drive node, if the laundry in the drumis determ ned
to be floating. 15 7. The drumtype washi ng machi ne
according to any one of <clains | to 4, wherein the
controller can control the forward-reverse sudden

pi vot drive node in which the drumrepeats
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 node agai nst
the forward-reverse continuous pivot drive node, if
the laundry in the drumis determned to be floating.
8. The drumtype washi ng machi ne according to any one
of clains | to 7, further conprising a drain unit
configured to discharge washing 25 water in the
washi ng tub



18 wherein the controller discharges the washing
water in the washing tub for one of a predeterm ned
quantity and a predetermined tinme, if the laundry in
the drumis determned to be floating. 5 19

DRUMt TYPE WASHI NG MACHI NE ABSTRACT 5 A drumtype
washi ng nmachi ne i ncludes a casing, a washing tub, a
drum a notor, a vibration detector, a frequency
conmponent cal cul ator, and a déntrol l er. The drum

with an agitating_protrusion on its inner peripheral
wal | is placed inD%ﬂBWﬁEQﬂ$N@A$HEN@8¢AGEWN§ining a

| aundry. The vibration detector detects vibration
accel eration of the washing tub. The frequency 10

conponent cal cul ator cal cuppisg® s r equency conponent

in the vibration acceleration detected by the

Bvi br at i oA ditetetyperwadheg cemthind hedudesnd rcebisgaa washing tub, a
forward-reverse continuous pivaot drive node, and al so
det®HHE FeBotRe? FHhapEoR Metertginy fipereneHempogmidiieigfor, and a

was hi or kinsin based on a.result received. from.
¢ nd P HETTendy* CBHELAAN *ANREGR T Tiopy 62 1 nnet Pekipberal

wall is placed in the washing tub for containing a laundry. The vibration
detector detects vibration accelerafion of the washing tub. The frequency
10 component calculator calculates a frequency component in the vibration
acceleration detected by the vibration detector. The controller controls a
forward-reverse continuous pivot drive mode, and also determines the state of
laundry in the drum during washing or rinsing, based on a result received
from the frequency component calculator.

15

FIG. 1



