1 DESCRIPTION DRUM-TYPE WASHING MACHINE 5 TECHNICAL
FIELD The present invention relates to a drum-type washing machine for
washing laundries placed in a drum by rotating a cylindrical drum having a
bottom. 10 BACKGROUND ART A conventional drum-type washing
machine has a controller for controlling the washing machine to perform
optimal washing. This controller estimates the movement of laundries
based on the changes in the output of anl acceleration sensor attached to
the washing tub and the changes in the torque 15 current component of
the motor, and responds by chandt¥ePthelEddédNof the motor that rotates
the drum. Fig. 6 illustrates the structure of a conventional drum-type

washing machine. Wa th Y:)‘%]i’s‘ ﬁg%?fﬁrﬁ(g [N Cas| 1 by
suspension mechamsmsﬁﬁslvg%s 0 be ableto r%\@ﬁ(ﬁimm 33 is rotatably

dis d.inside washing tub 20 32. Motor 35 drives and rotates drum 33.
gf% W.%‘d@&% he upper front of casing 31. A user opens door 36

tO expose fit pparing dtaf:washingdubie2:and:theflRNHORBRHRIKAGkine for

illustrated) of drum 33 so as to load laundry 38 to or remove laundry 38

fron’ Areimes g es fitecdgitatindy prothisToRs BT sreindderbdthm having a

inngy peripheral wall of drum 33. Agitating protrusions 39 lift laundry 38
upward, and then let it fall under its own weight as drum 33 rotates. In
other words laundry 38 is washed or rinsed by the agitating movement of

1heaBWasiiROUND ART

A conventional drum-tvpe washing machine has a controller for

controlling the washing machine to perform optimal washing. This controller

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 torgue

15  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

20 32, Motor 35 drives and rotates drum 33.

Door 36 1s provided on the upper front of casing 31. A user opens dooy

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.

25 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 33 rotates. In other words, laundry

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



2 Semiconductor acceleration sensor 40 is attached to washing tub 32
and measures the oscillation of washing tub 32. Controller 41 detects the
movement of washing tub 32 based on the changes in the output of
semiconductor acceleration sensor 40 and the changes in torque current 5
component of motor 35. Controller 41 then estimates movement of
laundry 38, and controls washing operation by motor 35. With this
structure, however, laundry 38 may float®on the water surface under
some conditions such as a high proportion of synthetic-fiber items being

present in laundry 38 pigh water Itevgl %ttiqujﬁ gt&g %I&yt%ov‘gd% genty 5o
bubbles. Ur%ceigrl%dlc u%gnd?tﬁg%g,r%é?tat%gSgrotruglons %%hcannot cét?(l:g%e
laundiy 38;andethtisdansoilytddishetefeciively beat-Grasheltdniadtbtians the

if such a state occurs, whether laundry 38 is floating on the water or the
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torque component of motor 35. There is no correlation between floating
faungnyBsemidabrgeier SIMNEARYODE EHENNVENTION Andremeypel laundry
washi %r‘grach%n of thehPresent ilg.vergion i%eng jes 20 whether or not a
Iaun(#;/ 5 I%%Iflﬁ% On the water sufface” in order to achieve optimal

washing. Thg g windyea Washinghmashine oh ey resenbinventiobn the water
includes a casing, a washing tub, a drum, a motor, a vibration detector, a

frequieHageconisanEree Aienfismanyd coniolesh THORPAERM T Ighetic fiber
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25 placed inside the washing tub for placirig laundry, and has an agitating

1protdssiagean bsibher péfipherabvialtokfieimoetongotaies theotruninnEhgd cannot

catch laundry 38, and thus laundry 38 is not effectively beat-washed.

In addition, if such a state occurs, whether laundry 38 is floating on

the water or the quantity of laundry 38 is small cannot be identified by a

stmple change in acceleration output. This similarly applies to the current

15  indicating the torque component of motor 35. There is no correlation between

floating laundry 38 and torque.

SUMMARY OF THE INVENTION
A drum-type washing machine of the present invention identifies
20  whether or not a laundry is floating on the water surface, in order to achieve
optimal washing. The drum-type washing machine of the present invention
includes a casing, a washing tub, a drum, a motor, a vibration detector, a
frequency component calculator, and a controller. The washing tub is
supporied in the casing by a resilient supporting mechanism. The drum is
25  placed ingide the washing tub for placing laundry, and has an agitating
protrusion on its inner peripheral wall. The motor rotates the drum. The

vibration detector detects vibration acceleration of the washing tub. The



vibration detector detects vibration acceleration of the washing tub. The 3
frequency component calculator calculates a frequency component of
vibration acceleration detected by the vibration detector. The controller
controls the forward-reverse continuous pivot drive mode. In the
forward-reverse continuous pivot drive mode, the drum repeats the
forward and reverse 5 rotations alternately at a rotating speed that the
laundry lifted up by drum rotation falls frém the height at which its own
weight exceeds the centrifugal force. The controller further determines

the ﬁ@&ﬁe%kf%ﬂg%{{bﬂg%a[ﬂ‘ﬁlgEHm:ai‘é{HQ%é’V g Istpénge%rcri%%inq i)rtl)(?‘ﬁc‘cec% (\)rﬁglaation
result givenfrom the frequency component calculator. The movement o
laungneleanthe ditertideldybyhd OvéstiotindeaosiotatifhecropanBat kvatrols the

specific frequency from vibration of the washing tub. Accordingly, the
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or water quantity. The washing performance and rinsing effect can thus
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10  extracting a vibration component in a specific frequency from vibration of the
washing tub. Accordingly, the state of laundry inside the drum 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 1s illustrates an operation principle of a floating state in a
20  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
25  forward-reverse continuous pivot drive mode of the drum-type washing

machine shown in Fig. 1.



25 forward-reverse continuous pivot drive mode of the drum-type washing
machine shown in Fig. 1. 4 Fig. 3B is a graph illustrating a frequency
characteristic of vibration detected in the beat-washing state in Fig. 3A.
Fig. 4A illustrates an operation principle of the floating state in the
forward-reverse sudden pivot drive mode of the drum-type washing
machine 5 shown in Fig. 1. Fig. 4B illustrates an operation principle of the
beat-washing state from 90 in the forwartl-reverse sudden pivot drive
mode of the drum-type washing machine shown in Fig. 1. Fig. 4C

lllustrates gy,opargfion c%%%‘ 5.2f t;%‘n%fg dfﬁ’ %fh'“cgy SRIEOM b0 129l ation

the forward-reverse sudden pivot drive he drum- -type washing
magchitretsiawnhia Fagt-wasignb sustiat@SghgAelation between the drum
movement of the drum- type washing machine shown in Fig. 1 and
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drums;tyRedvashing «adeaching KEIANED KERCRETION QR machine
INVENTION Fig. 1 illustrates the structure of a drum-type washing

@nacﬂhm@nnlaﬁi&ﬁemplary embodiment of the present invention. Figs. 2A

to 3B |IIustEatei%e eratlon\}?rin Ie in the Wa§hiln machln while in

a forward-reverse conti nl,tI%?J%IbP SEAHYB PEREPIFRE (e eﬁ]tg lhnﬁ SFaté from

inclgdes:casing dvanmshiagsiiiudd sy & metends ddyaiiendaaigaipfbwashing
frequency component_calculator 9, and controller 7. Casing 1 contains

wasPHH D 21087 WaA<Ridg tub 2 rotatably houses

Fig. 4C illustrates an operation principle of the beat-washing state from
10 150° in the forward-reverse sudden pivot drive mode of the drum-type washing
machine shown in Fig. 1.
Fig. b illustrates the relation between the drum movement of the drum-
type washing machine shown in Fig. 1 and a laundry dropping position.,
Fig. 6 illustrates a structure of a conventional drum-type washing

15 machine.

DETAILED DESCRIPTICN 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
caleulator 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, 1s 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 3.



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 3. 5 Agitating protrusion 12 lifts up laundry 13 as
drum 3 rotates by driving motor 4, thereafter laundry 13 falls back by its
own weight. In this way, this washing machine washes laundry 13 in the
beat-washing manner. Motor 4 is typicallg configured with a brushless
motor, and its rotating 5 speed is variable. During Washing motor 4

rep%tstf rwa}ggo rrt]xd i ¥ %eftmtat'l%uh%}e@)atlvayu Wg ul? 2dmv1n motor
suppgrte b '4s to be abfe 10'ro y casmg as aV| ration- proo
struqtutae(fwﬁ@enlﬁupmrtm&aﬂianmn& Buchsasepringi gk antndamiparay, this
8B. Washing tub 2 is provided with drain outlet 14 on the bottom thereof.
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multlple axis % ctions (two or three axes) to t e front an
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vibration of washing tub 2 cannot be limited only to one direction, the use
of a WRASRLIRE S 6 byIRpRip drain unit (drain valve

Vibration detector © is typically configured with aft least one
semiconductor acceleration sensor, and detects a vibration acceleration
component of washing tub 2 in at least one of front and back, left and right,

15 and top and bottom directions. In other words, vibration detector 6 detects
the vibration acceleration of washing tub 2 in at least one of the vertical
direction, first horizontal direction, and second horizontal direction that is
different from the first horizontal direction. It is preferable that vibration
detector 6 is configured with an accelerafion sensor sensitive 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
in three axes are more effective for accurately detecting the movement of

25  washing tub 2.

Frequency component calculator 9 applies Fourier transformation to

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



sensor and the use of a value obtained by adding the acceleration
components in three axes are more effective for accurately detecting the
movement of 25 washing tub 2. Frequency component calculator 9

applies Fourier transformation to vibration acceleration detected by

vibration detector 6 so as to extract a 6 frequency component. In other

words, frequency component calculator 9 calculates the frequency
component with respect to vibration accegeration detected by vibration
detector 6. Frequency component calculator 9 is configured with a
miccomputer, and appliesdiscrete Eourier tansformalion,s (PET).Atuater o
fast Fotrier transformation (Ilﬂ:'?) to a signal det cted by vibration
detecibnGe ad o foadaisnte anmpopkiuderitheacty equendyesimpanesieration
Controller 7 controls a series of operations, including washing, rinsing,

dehflatesioR, BRddryitemarte 9eltdhtroS i PO SBPIRSHIr 4aloulator 9 is
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mode. In this mode, 10 the drum 3 repeats forward and reverse rotations
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Rotating time controfler 11 measures and controfs the rotating time of
1drunabs. & Figedsdte quancyicantp onentcalaiiatarsQadingdreanlyollera/rotating

are
speed at which laundry 13 is lifted upward by the rotation of drum 3 and falls

E

from the height at which its own weight exceeds the centrifugal force.
Controller 7 also determines the state of laundry 13 inside drum 3, during
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 conirols 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 18 inside drum 3
depending on a proportion of the frequency component of the vibration

25  acceleration calculated by frequency component calculator 9.

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

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



illustrated outside casing 1. However, they are provided inside or along
casing 1. Controller 7 determines the floating state of laundry 13 inside
drum 3 depending on a proportion of the frequency component of the
vibration 25 acceleration calculated by frequency component calculator 9.
Next, the structure of detection and control in line with the operation
principle in the forward-reverse continuous pivot drive mode is described
with 7 reference to Figs. 2A through 3B. 1n the forward-reverse
continuous pivot drive mode, laundry 13 inside drum 3 is lifted upward to

an angle position.at whjch its 0 eight excegds th _centrifugal Qrce .
LR B S Bl LB i 4 A VLA SOty (gt pivo
Fromirthisaodde lpasidian] $ iadadryridis heditndagringidthe innendletiorition at
of drum 3 when it falls under its_own weight. In this driving system, drum
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examples oF thfushate oflaundt i3 In ARyl dy AQIBtRGRrAFUSIANAE position,

provided on drum 3 lifts and agitates laundry 13 10 moistened with
Wvashingdwmtes iflgpa2dh sippwsttihbestabe mivétenaofitingnd 3 isioatirgloruhder its
water due to_factqrs such as.many synthetic-fapric items in laundry,13, .
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ProtydsipR 2 raRN@hdift up laundry 13, and thus laundry 13 is not fully
agitated. In other words, 15 agitating protrusion 12 just hits the water, in

spite of the Fetafidgasiddpdns B wTtne wiles isthidteirlafe rEdneadasdating drum 3.
SRR B R R N0 A8 LS i 1
10 moistened 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 many detergent bubbles. In this state, agitating protrusion 12 cannot
lift up laundry 13, and thus laundry 13 is not fully agitated. In other words,

15  agitating protrusion 12 just hits the water, in spite of the rotating of drum 3.
This state 1s hereinafter 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. 3A1s
most suitable for washing, 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 18

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

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



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 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 shown in Figs. 2A and 3A, respectively. The horizontal axis in Figs.
2B and 3B indicates frequency, and 8 the vertical axis indicates the

amplitude, of the frequency.¢ H%pé)”eﬂﬁ;@kb{@ ‘ ”ff“ecce'eéa‘c‘g?{pgh”n‘eh‘%( ibration
Fourier ampﬁ%u e spectrum. In each ot Figs. anc?%%l, Eom indicates

a pasitisisredivivale thior NGO whenithdnsiabenaef revolutions at a

frequency corresponding to the 5 rotating speed of drum 3 is N [rpm]. If
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frequency. Figs. 2B and 3B indicate the cases where N =45 an
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at point B is 2.25 Hz,_10 The vibration acceleration at point A reflects th .
vibratiofFdties 8Pt %‘F%ﬁﬁafﬁyﬂoﬁ}mﬁﬁg ?Iﬁaﬁ%,h%exv' {g(t)lon%’rﬁo 18
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agitating protrusion 12 beating the water supplied inside drum 3. It is
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ron B BRI e Jegerceo e 20,
1fig. 3B.  The vibration acceleration at point A reflects the vibration due to
rotation of laundry 13. On the other hand, the vibration acceleration at point
B reflects the acceleration component generated by agitating protrusion 12
beating the water supplied inside drum 3.
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,
Ulustrating the floating state, compared to the beat-washing state shown in
Fig. 3B.
In the floating state as in Fig. 2A, laundry 13 18 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 1s extremely small. Asa
result, agitating protrusion 12 hits water supplied inside drum 3. This
makes the vibration acceleration arcund 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 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.

As a result, agitating protrusion 12 hits water supplied inside drum 3. This
makes the vibration acceleration around point B large, and vibration
acceleration at frequencies other than argund point B small. 25 In this
exemplary embodiment, the above characteristic is used to identify the
frequency,compangnt in vibration acceleration of washing tub 2 b )
AP e R T ST Rans AL gbte St comtroler 7

attagbea:Rideswashingrtihurdtising frequeteysampanericasitii@ttite or not
Then, controller 7 determines whether laundry 13 inside drum 3 is in the
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calc&a}g&@;&fr&wgg& gomponent calculator 9. 5 In this way, controller
7 calculates the difference between the vibration acceleration around

point B andiwibnitionsacoetesdiion imyrede tdrmiifgd cfregbenaenahgeribration
When the calculation result exceedgaa %red,etermined value, controller 7
i3
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component is generated by agitating protrusion 12 beating water supplied
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predetermine %Fequency rangé may be poin chisa frequency
1corresponaing 1o thedsatalingysperdialdpiotdhsidie 1y edetesmingd: applied to

value can be, for example, set between 0.7 mG and 1.5 mG when the
Capééﬂyl 3 or agitating laundry 13. Accordingly, coniroller 7 can accurately
determine whether laundry 13 in drum 3 is floating or not.
Here, the predetermined frequency range may be point A, which is a
frequency corresponding to the rotating speed of drum 3. The predetermined
16  wvalue can be, for example, set between 0.7 mG and 1.5 mG when the capacity
of drum 3 is 70 liters and the water in washing tub 2 has a volume of 15 liters.
If the floating state is identified, controller 7 increases the rotating
speed of motor 4 in the forward-reverse continuous pivot drive mode using
rotating speed controller 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, is 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 washing performance. Fig. b shows
25 the relationship between the movement of drum 8 and the drop position of

laundry 13.



of drum 3 is 70 liters and the water in washing tub 2 has a volume of 15

liters. If the floating state is identified, controller 7 increases the rotating
speed of motor 4 in the forward-reverse continuous pivot drive mode using
rotating speed controller 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, is effectively applied to laundry 13. This method of

control thus improves washing performarce. Figs. 4A to 4C illustrate the
operation principle of the forward-reverse sudden pivot drive mode used

to improve hi erformance. Fig, 5 shows, 25 the relationship, -, -
petween the EVATSAL oF Grdm 3 A he d e el o adndry 14 Bgeesed
In the forvaideseverledudeden pivat dive:mociéydalinoirye 13- ispiessalliitng the
the inner wall of drum 3 by the centrifugal force generated during the

suddBffly ¥ et st atHior Ut 3mar BRMIAMIETs Lartfedabrigmk to the
uppagjpa%ghdw B 3mThenrgue Kuths suddaneaking ok w3, 'aundtary 13

13 5 talls off the inner wall of drum 3 by inertia. By this inertia and its own
eighlisladihdny 18rfaliswelihe |dvwer Satvofceuina3, Baking arotghbnd its own

parabalic curve, to the _side opposite where laundry 13 has been lifted.
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sec, 10 respectively, and rotation of drum 3 reaches 40 rpm, 60 rpm, and
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hand, Figs.

respectively. The states shown in Figs. 4A to 4C are established under the
precondition that laundry 13 tends to float on water, as shown in Fig. 2A.

Fig. 4A illustrates the case when rotation of drum 3 is slow, at 40 rpm.
As in Fig. 2A laundry 13 g 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
rpm and 90 rpm. Accordingly, such a high rotating 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 state shown in Fig. 3A.

Fig. 4B illustrates the state of beat-washing from 90° and Fig. 4C
llustrates 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 also 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



15 4B and 4C illustrate states where the rotation of drum 3 is increased to
60 rpm and 90 rpm. Accordingly, such a high rotating 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 state shown in Fig. 3A. Fig. 4B
illustrates the state of beat-washing fron190 and Fig. 4C illustrates the
state of beat-washing from 150. The parabolic curve of laundry 13 while

falling 4s longgr in be%kWQShjcn from 150 than that in,heat- washing from
00, ST T e R B DR SRR s
beabwaghitigheifeot: &r-alaagreatel Mdresspdaificathy evedeif edranva ésntrol
driven in the forward-reverse sudden pivot drive mode, the floatin
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statganhe sieh et I e BRALWASHING SialG- Dy SNECHIRG G dEViING e, 1n

control to forward-reverse sudden pivot drive control with larger
accelerativreindiee, starttob letafionxaeadbrfkin goon hyee xterdirfg ntbietirheobfeach

h rotation (pivot) in the f d- dd ivot drive. In 5 th ,
T R A S L 0% i

rotatipRe(Riviet)irthe forward-reverse sudden pivot drive mode, using
rotating time controller 11. Fig. S is a graph illustrating the state in Figs.
4A, 4B, and 1, Sréspediiadt}). ThHeHsfirentdicazigindisatbsthdfotdiihgand 4C,

time, %e'paé%%%éﬁr.“”ﬁ) ni-3ndi e verical axls dicates .et{%tﬂﬁ DR ime),
and the rotation angle of drum 3,7and the angs1e of the pogﬂtlon where
10aungany lﬁé‘_&ﬂ&t&dﬂﬁ teferendre dee s dotiamdace @fdund dhe heseivaluagle of
Varyd?‘?x(x:xgglggdtgcﬁg %x%&? oofftll?éj ngﬁon where laundry 13 falls with reference to
the bottom face of drum 3. These values vary according to the type of laundry
13 in drum 3, water volume, and the diameter of drum 3.
When the speed of rotation of drum 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 motor 4 is driven for 2 seconds, and drum 3 reaches 80 rpm,
laundry 18 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-waghing
from 150°, as shown in Fig. 4C. In this case, drum 3 is rotated (pivoted)

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



13 in drum 3, water volume, and the diameter of drum 3. When the speed
of rotation of drum 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 2013. Laundry 13 then falls from this
position. This is beat-washing state from 90', as shown in Fig. 4B. In this

case, drum;3 i (ofated fplvoted) howal  pbout 3001, When motor

is ...
driven for 2 seconds, an arum 3 feaches rpm, guangri/sﬁl?so?ﬁ e%ytgw()tmg

poindfiat abbrtukbOaithi referencedo thatotiont fake 2yl ditmdt limited to
Laundry 13 then falls from that position. This is beat-washing from 150, as_
shoWHirFERge4CTHR ARSI Zh G RRES SEREDP TRl A5 P BiRghoRpeiditions

600Is(&'ﬂeawmeaglgezp@clifgﬁthqn)Ill'%_hénfwﬁ M&&%ﬁ%@&%’ Hf%t drive mode,

beat-washing state is imposed by pivoting drum 3 through about 300 to
800 drlowévenctite smdfesiarecndelintitéddotihis tamgetathe angle eangding 90°

changes appropriately depending on congditigns sugh as, the size of drum

3 o YOV AT OYEES erfich SR B D L S B Eaferee Sudden
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two turns and a sudden braking. The forward-reverse sudden pivot drive

mode is disfoseebitihserrdignal PlisitatioriNect?p08/099851%7 . the  vibration
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103 issiéstelly conisallaed, innieaske thenaiaiieg sheadwatimotoredd of motor 4
uging rotating speed controller 10. Alternatively, rotating time controller 11
extends the continuous driving time of motor 4 by a predetermined value.
These methods of contrel improve washing performance by changing the
floating state to the beat-washing state.

15 Alternatively, if controller 7 determines that laundry 13 is floating,
controller 7 confrols 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  continuous pivot drive mode, laundry 13 may remain floating even after the
mode is switched to the forward-reverse sudden pivot drive mode if the
rotating speed is 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. Alternatively, controller 7 extends the continuous

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

controller 11.



using rotating speed controller 10. Alternatively, rotating time controller 11
extends the continuous driving time of motor 4 by a predetermined value.
These methods of control improve washing performance by changing the
floating state to the beat-washing 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

continuous pial e Madeyuntey 13, may, emanaaing,even allelen pivor
the mode is SWitched to the forward-reverse sudden pivot drive mode if

the Jotatingspeddhis oindte $8luedbisreontdliené Meraageshthtoidatiplied to
speed of motor 4 using rotating speed controller 10 even in the

forwifioFeei86™ Stitiden HRFBTURSE mibdE. RitRaNTeIlP, dbmfoligiTtion of the
extens Ihe-fRRHOoUs R Aring, UG f rAotRL 4 A PLedeieriRingd | ossible.

value, using rotating time controller 11. 13 If controller 7 switches the
Pnodéctorhe fhrwardrrdleerSeduddenopiietidrivendodewhemtundny p8/ig drive

determined to be flgating, the load applied to matar 4 increases.
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suddrRivot geive medenshadassmuchias pessibienmAcealdinglyalternatively,
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forward-reverse

alternately. These ways of control prevents floating of laundry 13, and also
improves washing performance by lifting up laundry 13 from the bottom face
of drum 3 to over 90° and dropping laundry 13 to beat it against drum 3. In
particular, if 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 state that laundry

13 tends to float. This further improves the washing performance.
The floating state is caused by factors such as many synthetic-fabric
items being present in laundry 13, high water level, and too many detergent
20  bubbles. In these factors, the high water level can be solved after starting the
operation.  Therefore, it is preferable that controller 7 discharges a
predetermined gquantity of washing water in washing tub 2 by cpening drain
unit (drain valve) 15 for a predetermined time if laundry 13 is determined to
be floating. Or, a predetermined quantity 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



10 sudden pivot drive mode and the forward-reverse continuous pivot
drive mode alternately. These ways of control prevents floating of laundry
13, and also improves washing performance by lifting up laundry 13 from
the bottom face of drum 3 to over 90 and dropping laundry 13 to beat it
against drum 3. In particular, if 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 state that laundry 13 tends to float. This further improves
the washing periormance, Ie floafing S1a(e 5 caused gy Iacters Suchiase, of
many syntIhe ic-tabrt items being preséent in laun ry)i : Png water Ieve%,
and deadnanyicesdrgenbrz bubblesudndhesefaatars, the high water level
can be solved after starting the operation. Therefore, it is preferable that

controller 7iStHaTHEE 2PBFEddte T HR iRy BBV RS ATh G rethod and
washing, 1l 2, Py190eQINGAKAN. ML AR Valyenbadat A pIRIstarmiNgy 13 s

time'if laundry 13 is determined to be floating. Or, a predetermined
fuadtityohines Hmgevater thevishimgrtybc@ @b ccanbeldisbhwigedacceleration of

regardless of the opening,time of drain unit 15. If the factor of too much .
watdFIS R HARGH by 1S STIRR A BRI SR Eal B Rirfdy untine at

effeqtivalysolvaddnadditioni9:ihe conpolbiases Rp2adaueedet, left and right,
aforementioned proportion of frequency components. As described above,

in thendrufrerotaiid Spdeddewnsironmethidd afditpregridn o exefplagpn be
embediment g, figatin h“%%i%‘ék%%”&ﬁ’ Va5 Oaermined based 0ntiS tion
frequency component of vibration acceleration of was]fnr?’g tub 2. The
1detesminaticichebomesitieracadratengy @widatingaimeasbiweheibriatioier of
acceleration components in top and bottom, left and right, and front and
back-EitaERSHE I HAdM, the floating state can be

If laundry 13 is determined to be floating, the rotating speed of motor 4
is increased to shift to the beat-washing state. Or, the normal drum forward-
reverse continuous pivot drive mode is switched to the forward-reverse sudden

15  pivot drive mode. Or, the washing water inside washing tub 2 is discharged
to eliminate one factor of the floating state. These ways of control effectively
gswiiches 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 hy

25  controliing the drum rotating speed and rotating time. The present invention
is thus broadly applicable to washing and drying machines and business-use

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



determined without the influence of washing water by determining
vibration 10 acceleration by multiplying rotating speed of drum 3 by the
number of agitating protrusions 12. If laundry 13 is determined to be
floating, the rotating speed of motor 4 is increased to shift to the
beat-washing state. Or, the normal drum forward- reverse continuous
pivot drive mode is switched to the forward-reverse sudden 15 pivot drive
mode. Or, the washing water inside washing tub 2 is discharged to
eliminate one factor of the floating state. These ways of control effectively
switches to the beat-washing state. A@Emly, 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 Badeti i RSB G oG RSSO ERS ibration
acceleration of thg washing tub. Furthermore, the drum-type washing
machine of the present invention prevents the floating of the laundry
based on the detesteshiaguhd, thusdrbpt bvingrestlstin g e virigingpechanism of
perfgrmance h %ﬁ controlling the drum rotating speed and rotating time.
The' e%aesﬁ%wl\)?/le foft 1S thus broadly applicable to washing and drying

machines and bugiRegs:Useyinashing:machingsetiuadedition 46 honae psepheral
washing machines. 15 CLAIMS 1. A drum-type washing machine _
comprbiterertdbingreom nishigcribisibpstashing duinatledugseliamary:

mecraien of g SRS AO%AAYR Bias o e
10 a vibration detector configured to detect vibration acceleration of
the washing tub:

a frequency component calculator configured to calculate a
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 afl 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 thersto:
wherein the controller 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 aceeleration

sensor configured to detect a vibration acceleration component of the washing



wall thereof, the drum being placed in the washing tub for placing a
laundry; a motor configured to rotate the drum; 10 a vibration detector
configured to detect vibration acceleration of the washing tub; a
frequency component calculator configured to calculate a 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 forwardiseverse continuous pivot drive
mode in which the drum repeats forward and reverse rotations alternately

at a_ rotatin eed at which the laundry lifted up.by rotation, of the drum
i b i are LR, Lt PR TR, wn o
centitugdl Horeen2ltharetdswiienein dhkecontrodes detdrminesiacstaiedfection;
the laundry inside the drum during one of washing and rinsing, based on

a reift received from the frequency component calculator. 25 2. The

drum-type washingmaghing aceRING IR C13M Lathereinng WAL ced on

detector includes at least one acceleration sensor configured to detect a
¥ibratlontancelecativntoom ponehtiedihawrastingel 6itediomaleastedoiofm the
a vertjcal direction, a first horizoptzﬁg) direction gnd a secogg horrLzont I

e'f t

t ]
cire I BR YRR IS GRS HOM Ao A PSE HORAAHELT TR, ndafiret two of the

e
congplierigeiermines the state of the laundry based on 5 vibration
accelerations in at least two of the directions obtained from the vibration
detector or a sum of vibration accelerations in the at least two of the

3. The drum-type washing machine according tc 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  multiplving 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 contfoﬂer increases the rotating speed of the motor using the
rotating speed controller if the laundry in the drum is determined to be
floating.
25
5. The drum-type washing machine according to any one of

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



directions. 3. The drum-type washing machine 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 theldrum by a number of the agitating
protrusions; and the controller determines that the laundry is floating in the
drumigog &Iailxgemaggg 1"1?8%3&%( ¢RE %%ua ggi()jeea'{%sr MINE rv%lL&efa%at-:li—Q £ to.n rotating
drum-type washing machine according to any one 0 20 claims 1 0 3,
wheieaifldhkeseodinglleribaluaad m retatingnspaet=contkaller aadnfigured to
change a rotating speed of the motor, and the controller increases the

rotating speed of e SRS SERHELT ShatiRy et R dhtbithf ifqrard reverse
laundivindhedrm igsatermined (o Rendloating 27 Phd REWLVELLRE e sudden

washing machine according to any one of claims 1 to 4, wherein the
Tonpolier damecontde| aforaddimevatsevsusitd enddempvovtrilevmodein and the

Whi%h the drum re%eats%_accelerale(% rotation t%arotatgwg angle excer?]din d if
90 BT WS Tur PR B Bk N TENG R CoRtroer EBA SIS TisHF & 1
suchubatl the o rwarHsrayersa s Cantindaust pivaldrivernede ihswilshedit@everse
one of the forward-reverse sudden 5 pivot drive mode, or the

forwitimiats @ igatdeNpMetddrive mode and the forward-reverse
continuous pivot drive mode are alternatively performed, if

10 6. The drum-type washing machine according to claim 5,
wherein the controller increases a percentage of executing the forward-reverse
sudden pivot drive 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 control 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 pivot 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;



the laundry in the drum is determined to be floating in the forward-reverse
continuous pivot drive mode. 10 6. The drum-type washing machine
according to claim 5, wherein the controller increases a percentage of
executing the forward-reverse sudden pivot drive 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 control

the forward-reverse sudden pivot drive mode in which the drum repeats
accelerated rotatipn. {03 refating, AnglS exeeRADG O0RULWIIAMAIINS, the
and a braking; and the controller increases a percentage of the
forwendhiayenge f@0osuddenpivditdriveraiogesageinstthe fopdare:revedsgme, if

continupus pivot drive. mode, jf the laundry .in gue drum is determined to
pe fIB&AAERSETHRE! B EBIS ARG AL %dBRding to any one of
claims 1 to 7, further comprising a drain unit configured to discharge
gvashing 25 water in the washing tub; 18 wherein the controller
discharges the washing water in the washing tub for one of a
predetermined quantity and a predetermined time, if the laundry in the
drum is determined to be floating. 5



