2 7 JUL 2004 1 TITLE OF THE | NVENTI ON Drum Washer-Drier which Reduces
vibration to Floor and Operating Method Thereof BACKGROUND OF THE 27 JUL 2004
I NVENTION 5 Field of the Invention The present invention relates to an
apparatus for dehydrating and drying by rotating a drum about an
approximately horizontal rotary axis such as a drumdrier or a drum
washer-drier. Mdre specifically, the plesent 10 invention relates to a

nmet hod and nechani smfor reducing vibration of the drumdrier or the drum
washer. Description of the Background Art A drum washer-drier performng
washing to drying by a single drum has been spread. A representative drum
washer- 15 drier has such a structure in that the drumrotates about a
horizontal axis in a water tank, and functions from washing, rinsing,
dehydr at i orF X LEIrQF nEHE aPFNVENPEPFOr med by the single drum Structure of a
conventional drum washer-drier will be 20 described in the foll ow ng.
Figs. 19 and 20 aw WashextDrieganphéchf Reducpsi ¥dbaat ioRefter Filogrt o Fi gs.
19 and 20, the conventional drum washer-drier includes a drum 1171 having
a number ofenshdlReXRt g Mebhod cBeeyed§ and rotating |aundry, and a water

tank 3 enclosing drum171. 25 At the central portion of water tank 3, a
hori zont a] BACKGROUND OF THE INVENTION

5 Field of the Invention
The present invention relates to an apparatus for
dehydrating and drying by rotating a drum about an
approximately horizontal rotary axis such as a drum drier
or a drum washer-drier. More specifically, the present
10 invention relates to a method and mechanism for reducing
vibration of the drum drier or the drum washer.
Description of the Background Art
A drum washer-drier performing washing to drying by a
single drum has been spread. A representative drum washer-
15 drier has such a structure in that the arum rotates about
a horizontal axis in a water tank, and functions from
washing, rinsing, dehydration to drying can be performed
by the single drum.
Structure of a conventional drum washer-drier will be
20 described in the following. Figs. 19 and 20 show a first
example of the prior art. Referring to Figs. 19 and 20,
the conventional drum washer-drier includes a drum 171
having a number of small holes 2 for receiving and
rotating laundry, and a water tank 3 enclosing drum 171.

25 At the central portion of water tank 3, a horizontal



2 7 JUL 2004 2 rotary axis 4 having one end fixed at the center of drum
171 is rotatably supported. At the other end of rotary axis 4, a drdm JUl 200
pulley 5 is fixed. Adriving notor 6 is attached to the | ower surface of
water tank 3, and a notor 5 pulley 7 provided on the rotary axis of driving
notor 6 is operatively coupled to drumpulley 5 by nmeans of a belt 8.

Water tank 3 is held in an outer tank @ Water tank 3 is resiliently
supported in outer tank 9 by neans of a plurality of tension springs 30
suspended froman internal 10 upper surface of the box of outer body 9.
Further, water tank 3 is held by a plurality of danpers 31 provided
between the | ower portion thereof and an inner bottom of external box of
outer tank 9. vibration of water tank 3 is attenuated by tension spring 30

e gt i B R RN B

a
front surface Vi bration at irne of

dehydr at | o} s T6a0s, {01 J edyehg: XD 8L Ofbe A AU Lhaeo of deliygrat | on,

provi si on of "a “Wei'g on e surface of water tank been

Known, othe 20 4 han dth dobal apcer 815 acbad Lo 4ol dd Tnobe a6 ront

surface of "outer ‘tan ere 1s”a door 6 for putt aundry in.

packing 177 S ey od Tshd, Gheh ag6r 18 v€ arsEee bR Tl e or varer 25
tank 3 comes QP& WRt&RFidd@Nbn PRE2USEaP) LREsJE®r driving motor 6 is
operatively coupled to drum pulley 5 by means of a belt 8.
Water tank 3 is held in an outer tank 9. Water tank 3 is
resiliently supported in outer tank 9 by means of a
plurality of tension springs 30 suspended from an internal

10 upper surface of the box of outer body 9. Further, waterx
tank 3 is held by a plurality of dampefs 31 provided
between the lower portion thereof and an inner bottom of
external box of outer tank 9. Vibration of water tank 3 is
attenuated by tension spring 30 and damper 31.

15 A fluid balancer 122 is fixed on the periphery at a
front surface of drum 171, so as to reduce vibration at
the time of dehydration. As means for reducing vibration
at the time of dehydration, provision of a weight on a
front side surface of water tank 3 has been known, other

20 than fluid balancer attached to drum 171.

At a front surface of outer tank 9, there is a door
16 for putting laundry in. Between water tank 3 and outer
tank 9 at this portion, a bellows type door packing 17 is
provided and when door 16 is closed, the inside of water

25 tank 3 comes to be water tight, because of the door



2 7 JUL 2004 3 packing 17. At the bottom surface of external box of outer
tank 9, there are a plurality of legs 20 for supporting the washer ag7ajyl 2004
whol e on the floor. At a |lower portion of water tank 3, a drain valve 19
for draining water at the 5 tine of dehydration is provided. Further, there
are drying air duct 241 for guiding drying air to water tank 3, a drying
heater 214 provided in drying air duct3241, and a heat exchanger for 215
for renoving noisture arranged on drying air duct 241. Mdtor 6, drain
valve 19, a water feed 10 val ve, not shown, heater 214 and the like are al
controlled by a control circuit 118 for controlling operations in various
steps. Further, on an inner peripheral surface of drum 171, there is

provi ded a buffer 21 for tunbling, which will be described later. 15

Anot her expapkeéngf 13 .cohvebbeohat tdmusnwdsirer odr iegttexing lsown dfh quitger 21.
In this figure, portions corresponding to those of Figs. 19 and 20 are
denot ed bytanke9sakberef ereneée pdhaadditer L Trge HavEos| sappertit@cti ons.
Therefore, detailed description thereof will 20 not be repeated. In the
exanpl e shth@ vashpg. asla whrde cankhe ifdogrsi Ated IhpwapRattePorf he

i nner portion of outer tank 9 by means of a plurality of antivibration

| egs 31 eatdterntRDbi Ay 8 Boapne¥dilye I ifRF s niRgpedtennttvibPation 25

leg 33 is fixed on the |ower portion of water tank 3 and ]
5 time of dehydration is provided. Furthex, there are drying

air duct 241 for guiding drying air to water tank 3, a
drying heater 214 provided in drying air duct 241, and a
heat exchanger for 215 for removing moisture arranged on
drying air duct 241. Motor 6, drain valve 19, a water feed

10 valve, not shown, heater 214 and the like are all
controlled by a control circuit 118 for controlling
operations in various steps. Further, on an inner
peripheral surface of drum 171, there is provided a buffer
21 for tumbling, which will be described later.

15 Another example of a conventional drum washer-drier
is shown in Fig. 21. 1In this figure, portions
corresponding to those of Figs. 19 and 20 are denoted by
the same reference characters. These have similar
functions. Therefore, detailed description thereof will

20 not be repeated.

In the example shown in Fig. 21, water tank 3 is
resiliently supéorted on the inner portion of outer tank 9
by means of a plurality of antivibration legs 31 each
including a compression spring and a dumper. Antivibration

25 leg 33 is fixed on the lower portion of water tank 3 and



2 7 JUL 2004 4 on the bottom surface of the box of outer tank 9, with
antivibration rubber 34 interposed. These conventional drum washer-dri2dr$Ul 2004
operate in the following manner. 5 In the step of washing, |aundry and
water are put in drum 171, and drum 171 is rotated at a | ow speed by
driving notor 6. Laundry in drum 171 is lift up by a baffle 21 by the
rotation of drum 171 and falls by the 4weight of itself (hereinafter, this
operation will be 10 referred to as "tunbling"), and washing is perforned
by the nechanical force thereof. In the step of dehydration, first, water
I's drained by opening drain valve 19. Thereafter, drum 171 is rotated at
a high speed about the horizontal rotary axis, water in 15 the laundry is
renoved by centrifugal force, and the water is further renoved out from
drum 171 t loudie smatitomodesfce &f thatbbtknef beeceuseawhk 19i,asriath t he

| aundry in drum 171, vibrating body including drum 171, driving notor 6
and wat er ardnkridndtbren esybled 3é€dimteoposédthis vibration is 20 a
problem In the washer having fluid bal ancer 122 such as shown in Figs. 19
to 21, fluid balthess dowvdénmienahsdiwm vhehéoltoveng opemete Anpréecri bed
amount of fluid is sealed in fluid balancer 122. \Wen the nunber of
rotation dRldwhng maxeeds a resonance rotation nunber, the fluid 25

i mmedi ately noves to the other side of the biased portion
5 In the step of washing, laundry and water are put in

drum 171, and drum 171 is rotated at a low speed by
driving motor 6. Laundry in drum 171 is 1lift up by a
baffle 21 by the rotation of drum 171 and falls by the
weight of itself (hereinafter, this operation will be.

10 referred to as "tumbling”), and washing is performed by
the mechanical force thereof.

In thelstep of dehydration, first, water is drained
by opening drain valve 19. Thereafter, drum 171 is rotated
at a high speed abou£ the horizontal rotary axis, water in

15 the laundry is removed by centrifugal force, and the water
is further removed out from drum 171 through small holes 2.
At that time, because of bias of the laundry in drum 171,
vibrating body including drum 171, driving motor 6 and
water tank 3 vibrates, and reduction of this vibration is

20 a problem. In the washer having fluid balancer 122 such as
shown in Figs. 19 to 21, fluid balancer 122 functions in
the following manner. A prescribed amount of fluid is
sealed in fluid balancer 122. When the number of rotation
of drum 171 exceeds a resonance rotation number, the fluid

25 immediately moves to the other side of the biased portion



2 7J UL 2004 5 causing inbal ance, adjusting bal ance. Thus vibration at
the time of dehydration caused by inbal ance of |aundry can be preven? @dll 2004
For washers which do not have fluid balancer, a 5 weight may be provided
on water tank 3, as already nentioned. The wei ght reduces vibration of the
vibrating body caused by bias of the |laundry. However, the weight is of
consi derabl e wei ght, e.g. about 16 kg. 5Consequently, the weight of the
vibrating body as a whole is so 10 increased that it beconmes necessary to
make the structure of outer tank 9 robust. This |leads to increase in
wei ght of the product as a whole (heavier than 80 kg), and handling of
the product during delivery becones troublesone. Further, depending on the
structure of houses, 15 it may be necessary to reinforce the floor so that
it can W thatsdmd timdadmrghd, odd et tngnbabshee- drTiees atibhet ioneat of
installation. This is the reason why attenuation of vibration using fluid
bal ancer ha&ebaamenddptdathadrat iqm of 2usdd ebyeasbatan2é A flenntitg skep of
drying, air heated by heater 214 is fed to drum 171 to drying air duct
241, whi | ebeherelvaumard). is tunbled with the noisture renoved by heat
exchanger 215. In the drum washer-drier shown in Figs. 19 and 20, 25 drum
171 rot ates abolorherEstmntsalwhintlardo axis Havghétefidrbalancer, a
5 weight may be provided on water tank 3, as already
mentioned. The weight reduces vibration of the vibrating
body caused by bias of the laundry. However, the weight is
of considerable weight, e.g. about 16 kg. Conseguently,
the weight of the vibrating body as a whole is so
10 increased that it becomes necessary to make the structure
of outer tank 9 robust. This leads to increase in weight
of the product as a whole (heavier than 80 kg), and
handling of the product during delivery becomes
troublesome. Further, depending con the structure of houses,
15 it may be necessary to reinforce the floor so that it can
withstand the weight of the drum washer-drier at the time
of installation. This is the reason why attenuation of
vibration using fluid balancer has been adopted as a
preferable measure.
20 As for the step of drying, air heated by heater 214
is fed to drum 171 to drying air duct 241, while the
laundry is tumbled with the moisture removed by heat
exchanger 215.

In the drum washer-drier shown in Figs. 19 and 20,

25 drum 171 rotates about horizontal rotary axis 4. Therefore,




2 7J UL 2004 6 sonmetinmes, water tank 3 vibrates considerably because of
bias of laundry in drum 171. The vibration of water tank 3 is transmi7ddl 200
to the body of outer tank 9, that is, the washer as a whole, through
tension springs 30. The 5 magnitude of transmitted force at that tinme is in
proportion to spring constant of tension springs 30. In order to reduce
vibration transmtted to the washer aséa hole, spring constant of tension
spring 30 should be made snmller. However, spring constant of tension
spring 30 has 10 the following restriction. Wien water is held in water
tank 3, water tank 3 |owers against tensile force of tension spring 30.
The anmount of lowering is in inverse proportion to the spring constant of
tension spring 30. The amount of lowering of 15 water tank 3 is limted
because of sdmethimensiwater tspkcifichravesofonkederathlyt bemrdise odannot
exceed a certain value. Therefore, spring constant of spring 30 cannot be
set snal | eridrmrrh bresdrybéd datmel hécauBee of ibrabiphnpf. wAtesr §engl ¥,
vibration of water tank 3 is 20 transmtted to the washer as a whole with
consi der ablie taansmioredrbpshhet badyfofceutes thak Phethadori st Sdief
vibrates. In the worst case, the house would eventual | vi brate because of
the vi br at ("WGFISI 13 awehele . chispagh E?BBP@RBSBFlﬁéﬁséOandTHPssatisfaction

of the user. 25 In the drumwasher-drier shown in Fig. 21, water tank
5 magnitude of transmitted force at that time is in

proportion to spring constant of tension springs 30. In

order to reduce vibration transmitted to the washer as a

hole, spring constant of tension spring 30 should be made

smaller. However, spring constant of tension spring 30 has
10 the following restriction.

When water is held in watexr tank 3, water tank 3
lowers against tensile force of tension spring 30. The
amount of lowering is in inverse proportion to the spring
constant of tension spring 30. The amount of lowering of

15 water tank 3 is limited because of the dimension or
specification of the product, and it cannot exceed a
certain value. Therefore, spring constant of spring 30
cannot be set smaller than a prescribed value because of
the limit. Accordingly, vibration of water tank 3 is

20 transmitted to the washer as a whole with considerxable
vibration transmitting force, so that the floor itself
vibrates. In the worst case, the house would eventually
vibrate because of the vibration of the washer, causing
problems of noise and dissatisfaction of the user.

25 In the drum washer-drier shown in Fig. 21, water tank
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2004 7 3 is not |lift by tension spring. Therefore, there is not

i nposed by the spring constant of tension spring. In this gy

the problemis spring constant of antivibration rubber 34.

PRIL 2004
I n

t he exanple shown in Fig. 21, 5 when the spring constant of antivibration
is reduced to sone extent, transm ssion of vibration of water

r ubber 34
tank 3 to

antivibration rubber 34 has the follow ng restriction.

outer tank 9 can be reduced. However, the spring constant of

shown in Fig. 21, when vibration is caused by bias of laundry, water t

3 vibrates not only

right as well as front and rear directions. Antivibration rubber 34
prevents all itsheset Vi bfathpnsentOvRVEprihg .t hehe£@86re 15thead netneply in

the conpressing direction but also in the

10 I n the exanple

ank

in the upper and | ower directions but also left and

shearing direction are inposed

on antivi brtaie dnimitbhiipdled by ohdespkonpr evast abreakage nsfi cantsipHiligat i on

rubber 34

by shear |oad, the hardness of antivibration rubber 34 shou

be extrenelly hilgls tHopewet ,wadhsrj ntheapesbipmi 1g epaihgnicon2@aeft of
antivibration rubber 34. This results in nmuch transm ssion force of

vi brati on eattivddatoron Japaes el Pat et tlay i exprigpbea NoowhH6iA5B6§2 Ploposes
a solution of the problemof the prior art shown in Figs. 19 and 20.
Qutli Be of whies dilsr|spuing of osipamesef PahenyiBbatapgnngubber Nd. i56- 158692
is showmn in Fig. 22. Referring

10

15

20

25

reduced to some extent, transmission of vibration of water
tank 3 to outer tank 9 can be reduced. However, the spring
constant of antivibration rubber 34 has the following
restriction.

In the example shown in Fig. 21, when vibration is
caused by bias of laundry, water tank 3 vibrates not only
in the upper and lower directions but also left and right
as well as front and rear directions. Antivibration rubber
34 prevents all these vibrations. However, in that case,
load not only in the compressing direction but also in the
shearing direction are imposed on antivibration rubber 34.
In order to prevent breakage of antivibration rubber 34 by
shear load, the hardness of antivibration rubber 34 should
be extremely high. However, this increases spring constant
of antivibration rubber 34. This results in much
transmission force of vibration to the floor.

Japanese Patent Laying-Open No. 56-158692 proposes a
solution of the problem of the prior art shown in Figs. 19
and 20. Outline of the disclosure of Japanese Patent

Laying-Open No. 56-158692 is shown in Fig. 22. Referring

d



2 7 JUL 2004 8 to Fig. 22, the washer-drier includes a plurality of rods

704 suspended froma | ower portion of an upper surface of outer tank ?7%U92%4
each having a spring receiving portion 710 at a lower tip end; a

suspending fitting 706 fixed on 5 water tank 3; a lower slider 712 fitted

w th suspended fitting 706 and havi ng an opening through which the | ower

end of the rod 704 is slidably inserted and a conpression spring 708 for
preventing vibration fitted between suspended fitting 706 and spring
receiving portion 710 at 10 the lower tip end of rod 704. Rod 704 is
supported by an upper slider 702 at its upper end, which upper slider has

a spherical portion conformng to a corner plate having a spherical

portion forumediaj. t3E, |Overvponét odr 0brt becUppes aspllizaeiel odt epbdsank 9.
In Fig. 22, sanme portions as 15 those shown in Figs. 19 and 20 are denoted

by the san® 04 efwpoded Erant £r sowdhepboucdbhoas aneuppersanefacéherfef ore,
detail ed description thereof is not repeated here. As shown in Fig. 22, in
t hi s exanploatematteank adhkard isaclOhdesnyi @enspyisgppectedihy podtio4,
conpression spring 708 and suspended fitting 706, and vibration is
att enuat ed 78y) aftura heywagar ovipli ewgd o alaspepeBdiag Aitowsyg @OFt famedbesi des
spring 708. In this structure, when the water fed to water tank 3
i ncreases, wader asgilon s i gva08s 1 sdeonpt 2sfetted wiabuabkpendad if the
wat er exceeds a certain amount, the
fitting 706 and having an opening through which the lower
end of the rod 704 is slidably inserted; and a compression
spring 708 for preventing vibration fitted between
suspended fitting 706 and spring receiving portion 710 at
10 the lower tip end of rod 704. Rod 704 is supported by an
upper slider 702 at its upper end, which upper slider has
a spherical portion conforming to a corner plate having a
spherical portion formed at the lower portion of the upper
surface of outer tank 9. In Fig. 22, same portions as
15 those shown in Figs. 19 and 20 are denoted by the same
reference characters. The functions are the same.
Therefore, detailed description thereof is not repeated
here.
As shown in Fig. 22, in this example, water tank 3 is
20 resiliently supported by rod 704, compression spring 708
and suspended fitting 706, and vibration is attenuated by
further providing a damper 31 at a lower portion, besides
spring 708. In this structure, when the water fed to water

tank 3 increases, compression spring 708 is compressed

25 gradually, and if the water exceeds a certain amount, the



2 7 JUL 2004 9 spring attains fully conpressed state. At that tinme, water

tank 3 is directly supported by rod 704 and suspended fitting 706, and7ifiil 2004
does not go |ower than that-position, even when spring 708 has smal |l

spring constant. 5 Accordingly, the spring constant of spring 708 can be

made snmaller than in the prior art exanples shown in Figs. 19 and 20. In
such an exanple, an isolated and indepgndent dunper-31 is provided between
water tank 3 and inner 10 bottom of outer tank 9. Therefore, vibration of
water tank 3 is transmtted to outer tank 9 through the danper , and

directly to the floor through |l egs 20. Therefore, sufficient reduction of
vibration transmtted to the floor cannot be realized. 15 Another problem

related to vi opeLhnLh p E¥kRd si hepeopugnt kopal, washer is
as foIIoms.g*ﬁiﬁiegggégeénﬁyg%glC%&Bﬁ?m&sheEF%Ffir ﬁaving fluid bal ancer

122 such oywn; & ng Fl 9sapfoled Byt BRaStRR Ghdryidibnddieat ed air
is fed to 3%&@? faﬁi %E¥ﬁ§56 hsdPang airyduct 20 241 mhifgﬁarun1l7l i's

rotated at ;oW SPe6E, SAda$+t BodEYnokhgol awRdiy tina rdriatl Pbs Al drhi S
time, flui seé?%% ?ﬁg’f?uid balgnceP012§ rotatfﬁg about thgﬁ%orizontal

axis is digjdd bpied Lprihyi @'0bahaapgﬁaﬂerTgh@@mcro!nfsu@&!t force when the
nunber of rotation exceeds a prescribed nunber, 25 inposing |oad in radial
directd on tQ-ddrhfhbdlangre 3g2ing constant of spring 708 can be made
smaller than in the prior art examples shown in Figs. 19
and 20.
In such an example, an isoclated and independent
dumper- 31 is provided between water tank 3 and inner

10 bottom of outer tank 9. Therefore, vibration of water tank
3 is transmitted to outer tank 9 through the damper , and
directly to the floox through legs 20. Therefore,
sufficient reduction of vibration transmitted to the f{loor
cannct be realized.

15 Another problem related to vibration in the step of
drying in- the conventional washer is as follows. 1In the
conventional drum washer-drier having fluid balancer 122
such as shown in Figs. 19 and 20, in the step of drying,
heated air is fed to water tank 3 through drying air duct

20 241 while drum 171 is rotated at a low speed, so as to dry
the laundry in drum 171. At this time, fluid sealed in
fluid balancer 122 rotating about the horizontal axis is
distributed in fluid balancer 122 by centrifugal force

when the number of rotation exceeds a prescribed number,

25 imposing load in radial direction to fluid balancer 122,



7 7 J UL 2004 10 while it stay at a |ower portion when rotation speed |s
| ow, inposing load on fluid balancer 122 in gravity direction. As is bl 2004
known, fluid balancer 122 is generally 5 forned of a synthetic resin.
Change in tenperature during the step of drying nay soften the synthetic
resin, and it |oses stiffness it has at the roomtenperature. In that
case, it is possible that fluid balancket 122 may be defornmed by the |oad
caused by the fluid therein, when 10 fluid bal ancer 122 rotates both at a
hi gh speed and at a |ow speed. Further, simlar problemis caused by
swelling pressure of fluid sealed in fluid bal ancer 122. Japanese Patent
Layi ng- Open No. 4-332596 proposes a solution of this problem Here, a
fixing boss extending in 15 radial direction only is provided on fluid
bal ancer 1%hiland ta spaceat sa provedepobeivaenheéherbluaitdobalspreer iand t he
outer periphery of the drumfor absorbing swell when fluid balancer 122
swel I s in tlloer,r ddipads idig ebtadnon sbl o bdt baparssur @22s inograpplkiyed to t he
screw portion for fixing. 20 This prevents the screw from becom ng | oose.
However, tldgnscdpesal of Japanese Patent Layi ng-Qpen No. 4-332596 stil
has a problen1to be solved. As is well known, generally, the fluid
bal ancer is forf&d it wellsymaweni cf besd nbadadcarhdklowsanroearlBydy is
forned by 25 joining and thernally meldln openi ngs of two annul ar
formed of a synthetic resin. ange in temperature during
the step of drying may soften the synthetic resin, and it
loses stiffness it has at the room temperature. In that
case, it is possible that fluid balancer 122 may be
deformed by the load caused by the fluid therein, when
10 fluid balancer 122 rotates both at a high speed and at a
low speed. Further, similar problem is caused by swelling
pressure of fluid sealed in fluid balancexr 122.
Japanese Patent Laying-Open No. 4-332596 proposes a
solution of this problem. Here, a fixing boss extending in
15 radial direction only is provided on fluid balancer 122,
and a space is provided between the fluid balancer and the
outer periphery of the drum for absorbing swell when fluid
balancer 122 swells in the radial direction, so that
pressure is not applied to the screw portion for fixing.
20 This prevents the screw from becoming loose.
However, the proposal of Japanese Patent Laying-Open
No. 4-332596 still has a problem to be solved. As is well
known, generally, the fluid balancer is formed of a

synthetic resin, and a hollow annular body is formed by

25 joining and thermally welding openings of two annular



2 7 JUL 2004 11 grooves. These two annul ar concave grooves have different
t hi cknesses, for exanple, they may have different rates of expansion.27 jui 7004
Anmount of deformation of concave grooves differ because of the different
rates of expansion, and therefore 5 there is a stress at the wel ded
portion, pronoting breakage of the fluid balancer. This problemis
encountered not only in the drumwashetldrier but also in a drumdrier.
When the vibration of water tank 3 is to be reduced 10 by using the fluid
bal ancer, there is also the following problem Fluid balancer 122 does not
function until rotation nunber of drum 171 exceeds the resonance rotation
nunber, because of its operation characteristic. Therefore, in the
washer-drier of the type in which drum 171 rotates 15 horizontally, in the
initial stageoofesiehythede otwo tdrenulasonancaveoyabooesnivver dis fexesaded
with the fluid in fluid balancer still biased at a portion in the
peri pheral thii¢lkresoas, géner akangle,f aheiydataye haver atil foffersdntt hedtdd et
Therefore, it is difficult to sinply replace the weight by 20 a fluid
bal ancer. RijranseoPat gimounlyiof)-Cpeorhbt idn24048bnprupogesoaessdlidtfican t o
this problem In this proposal, the fluid balancer is divided in radial
di rection, d@qansrit@bl the different ranes cifr exparisden esind atvosfdts s
prevents the 25 fluid sealed in each of the divided portion from being
5 there is a stress at the welded portion, promoting
breakage of the fluid balancer. This problem is
encountered not only in the drum washer-drier but also in
a drum drier.
When the vibration of water tank 3 is to be reduced
10 by using the fluid balancer, there is also the following
problem. Fluid balancer 122 does not function until
rotation number of drum 171 exceeds the resonance rotation
number, because of its operation characteristic. Therefore,
in the washer-drier of the type in which drum 171 rotates
15 horizontally, in the initial stage of dehydration, the
resonance rotation number is exceeded with the fluid in
fluid balancer still biased at a portion in the peripheral
direction, generating a formidable vibration at that time.
Therefore, it is difficult to simply replace the weight by
20 2 fluid balancer.
Japanese Patent Laying-Open No. 4-240481 proposes a
solution to this problem. In this proposal, the fluid
balancer is divided in radial direction, with mutually

different inner circulation resistances. This prevents the

25 fluid sealed in each of the divided portion from being



2 7 JUL 2004 12 biased at one portion in the peripheral direction, so that
the vibration near resonance rotation nunber is suppressed. However, 2mJUL2M4
t he techni que di scl osed in Japanese Patent Laying-COpen No. 4-240488, for
the fluid in the 5 fluid balancer to be lifted against gravity, quite high
a circulation resistance is necessary. This degrades bal ance adjustnent
function, which is the inherent functioa of the fluid balancer. The

bal ance adjusting function refers to the function of the internal fluid
concentrated on the 10 opposite sides of the biased portion causing

I mbal ance when resonance rotation nunber is exceeded.. for adjusting

bal ance. More specifically, if the inner circulation resistance is too
high, the fluid in fluid bal ancer does not nove fast enough when the
rotation spekasefi hheodeupotiiexcdeds Hhedais@arger dDfed t Doin pugdethat aki ng
much tinme in adjusting balance. As a result, considerable vibration is
gener at ed nelze theraesonaneearr aeabinamoee mrarat iSUVVARDEF T4HEs & DMVEDES €.
Therefore, an object of the present invention is to 20 suppress the
probl em caused byowebeati an ahet hechiniguef didetyaled ilon Zaphmeseng in a
drum washer-drier, and nore specifically, to provide a drumwasher drier
whi ch can RakendekapinpgrepgeneNei blaliddd 88 arfon tithenof ¥widein othde fl oor
generated by the vibration of the water tank, which 25 can prevent

vi brat?on ofleh@ bpbdapcersgpfbe lifted against gravity, quite high a

circulation resistance is necessary. This degrades balance
adjustment function, which is the inherent function of the
fluid balancer. The balance adjusting function refers to
the function of the internal fluid concentrated on the
10 opposite sides of the biased portion causing imbalance
when resonance rotation number is exceeded, for adjusting
balance. More specifically, if the inner circulation
resistance is too high, the fluid in fluid balancexr does
not move fast enough when the rotation speed of the drum
15 exceeds the resonance rotation number, taking much time in
adjusting balance. As a result, considerable vibration is
generated near the resonance rotation member.
SUMMARY OF THE INVENTION
Therefore, an object of the present invention is to
20 suppress the problem caused by vibration at the time of
dehydration and drying in a drum washer-drier, and more
specifically, to provide a drum-washer drier which can
considerably reduce vibration transmitting force to the
floor generated by the vibration of the water tank, which

25 can prevent vibration of the floor itself.



2 7J U]J 2004 13 Another object of the present invention is to provide a
drum washer-drier which can significantly reduce vibration transm ttip gyl 2004
force to the floor caused by vibration of the water tank and to prevent
vibration of 5 the floor itself, by resiliently supporting the water tank
stably. A still further object of the present inventionis to provide a
drum washer-drier which can significantBy reduce vibration transmtting
force to the floor caused by the 10 vibration of the water tank and prevent
vibration of the floor itself by further reducing vibration of the water
tank. An additional object of the present inventionis to provide a drum
washer-drier susceptible to reduction in 15 size, which can significantly
reduced vibration transmtting force to the floor caused by vibration of
the water tank Amutipervebfevtboéttbe ptetbkeatf liooenttisel fis tAnqidreridabj ect
of the present invention is to provide a drum washer-drier which can safely
prevent vi g aldwn wish@0-dheedrwuhiabi ngnasfibniid icalnaigereduate | nf | uence by
the change in tenperature. A still further object of the present invention
is to prowiderat drunt nassrei tdingr foncehtohthead loort kawsadatiyon axi s can
be reduced by using a fluid bal ancer not 25 influence by change in
t enper at ur ¢/ ihteriehy chfehg water tank and to prevent vibration of

5 the floor itself, by resiliently supporting the water tank

stably.

A still further object of the present inventiocn is to
provide a drum washer-drier which can significantly reduce
vibration transmitting force to the floor caused by the

10 vibration of the water tank and prevent vibration of the
floor itself by further reducing vibration of the water
tank.

An additional object of the present invention is to
provide a drum washer-drier susceptible to reduction in

15 size, which can significantly reduced vibration
transmitting force to the floor caused by vibration of the
water tank and prevent vibration of the floor itself.

Another object of the present invention is to provide
a drum washer-drier which can safely prevent vibration of

20 the drum using a fluid balancer, not influence by the
change in temperature.

A still further object of the present invention is to
provide a drum washer-drier in which load on the rotation

axis can be reduced by using a fluid balancer not

25 influence by change in temperature, thereby safely



2 7 JUL 20D4 14 preventing vibration of the drum A still further object of
the present invention is to provide a method of operation of a drum 27 yy 00
washer-drier by which vibration near resonance rotation nunber at the tine
5 of dehydration can be reduced. A still further object of the present
invention is to provide a nethod of operating a drum washer-drier which
can reduce vibration near resonance rolétion nunber at the tinme of
dehydration and vibration at the transition from 10 | ow speed rotation to a
hi gh speed rotation at a prescribed nunber of rotation. A still further

obj ect of the present invention is to provide a nmethod of operating a drum
washer-drier which can reduce drumvibration near resonance rotation
nunber 15 at the tine of dehydration, drumvibration at the transition
froml ow spesdrardiiaig onibmathigh spHeebler drami.on at a prescri bed nunber of
rotation, and drumvibration at high speed of rotation during dehydrati on.
The drum washer -Adriterl] niwcthedamogeatt bft hbeppesernt A0viemcddtn dis itiwcl udes
a washing and drying drumrotating around an approxi mately hori zont al

axis, a wapgovigiek a evrtihnd f tPpedauhpnanfoat drumank shegi-idrdetd Py
supporting the water tank therein, and a notor for rotating the drum The
wat er t ank whads ha ve\iatdrdc e shapesonancanrepahing asmbermad ahet Rdmer ont .

The outer tank includes an outer body
of dehydration can be reduced.

A still further object of the present invention is to
provide a method of operating a drum washer-drier which
can reduce vibration near resonance rotation number at the
time of dehydration and vibration at the transition from

10 low speed rotation to a high speed rotation at a
prescribed number of rotation.

A still further object of the present invention is to
provide a method of operating a drum washer-drier which
can reduce drum vibration near resonance rotation number

15 at the time of dehydration, drum vibration at the
transition from low speed rotation to high speed rotation
at a prescribed number of rotation, and drum vibration at
high speed of rotation during dehydration.

The drum washer-drier in accordance with the present

20 invention includes a washing and drying drum rotating
around an approximately horizontal axis, a water tank
enclosing the drum, an outer tank resiliently supporting
the water tank therein, and a motor for rotating the drum.
The water tank has a cylindrical shape with an opening

25 formed at the front. The outer tank includes an outer body



27 J UL 2004 15 having an opening for putting laundry with a door for
openi ng/ closing attached thereto, plurality of load receiving portidfAs/yL 2004
provi ded at an upper surface of the external body, and a plurality of
suspendi ng rods 5 suspended downward fromthe plurality of |oad receiving
portions and each having a spring receiving portion at a |ower end. The
water tank has a plurality of support j£eceiving portions forned
respectively below the plurality of Ioad recei ving portions and havi ng
openi ngs through 10 which tip ends of suspending rods pass. The outer tank
further includes a conpression spring provided between each of the support
receiving portions and a spring receiving portion through which the
suspending rod is inserted, and a danper provi ded between each of the 15

support |v1n ortion.and e ] h usp n od. At the
time of ma §w£ %?e%%n?hgéga %? Tg?ﬁéfkagégﬁag agggrgggd t he

| aundry ar%é{zaé}lq(%{rﬁ:?%Ja QPI§§§é8n Fgg |? gggﬁggﬁsgq lwggn t he wei ght

of the 20 es a prese e sprihg is ful

Compressed. 1y LARBIGHRELERL Funat gomessta.cEucsnar, v et

Suppor he suSpendi ng rods through support
recei ving ROrdoNey ngRp! NEnicEohyLg PGt bONS,eRdnkiRf kbly compressed 25

ConpreSS|on sprlngs fefore e anount of | owering of
5 suspended downward from the plurality of load receiving

portions and each having a spring receiving porticon at a
lower end. The water tank has a plurality of support
receiving portions formed respectively below the plurality
of load receiving portions and having openings through

10 which tip ends of suspending rods pass. The outer tank
further includes a compression spring provided between
each of the support receiving portions and a spring
receiving portion through which the suspending rod is
inserted, and a damper provided between each of the

15 support receiving portion and the lower end of the
suspending rod.

At the time of washing, weight of the water tank
increases as water and the laundry are put in, and
compression spring is compressed. When the weight of the

20 water tank reaches a preset value, the spring is fully
compressed, and the length thereof is not compressed
further. The water tahk comes to be directly supported by
the suspending rods through support receiving portions,
spring receiving portions and the fully compressed

25 compression springs. Therefore, the amount of lowering of




2 7 JUL 2004 16 the water tank is limted to a certain value, and hence
spring constant of the conpression spring can be selected to a small 27 jyL 2004
value. At the time of dehydration, water is drained and the 5 water tank
beconmes light, so that conpression spring returns fromthe fully
conpressed state to conpressable state. The water tank is resiliently
supported by the suspending rods through support receiving portions,
spring receiving portions and the conpressabl e conpression 10 springs. As
al ready described, even when the spring constant of the conpression spring
Is selected to be small, the anount of |lowering of the water tank does not
exceed a certain value. Therefore, it is. possible to select a smal

spring constant of the conpression spring and suppress 15 vibration

transm tt ed Hehrartgdr resnki £at 1$mppedt tboat bertaltrervalark andl fhertdeer to the
floor. Conventionally, in order to suppress the anount of vibration
transnitt ecsgmindiecdmooant oobethet compeethdpna speamgaican deues.e lasshad ng
that the anount of |owering of the 20 water tank is 30 mm the | oad of

| aundry is t® k@ swalll realwater volune is 30 liter/mm it is necessary to
use a spring having a spring constant of 1.2 Kgf/mm However, according
to the present iAverh¢ onimenafrdebydapsien,i water gossinfiaad andithe he
amount of lowering of the water tank. 25 Therefore, simlar or higher

ef f ectS can Waterhtzamedbegenes light, so that compression spring

returns from the fully compressed state to compressable
state. The water tank is resiliently supported by the
suspending rods through support receiving portions, spring
receiving portions and the compressable compression

10 springs. As already described, even when the spring
constant of the compression spring is selected to be small,
the amount of lowering of the water tank does not exceed a
certain value. Therefore, it is possible to select a small
spring constant of the compression spring and suppress

15 vibration transmitted through resilient support to the
outer tank and further to the floor.

Conventionally, in order to suppress the amount of

vibration transmitted to the floor to be not more than a
certain value, assuming that the amount of lowering of the

20 water tank is 30 mm, the load of laundry is 5 kg and the
water volume is 30 liter/mm, it is necessary to use a
spring having a spring constant of 1.2 Kgf/mm. However,
according to the present invention summarized above, it is
possible to limit the amount of lowering of the water tank.

25 Therefore, similar or higher effect can be obtained even



2 7 JUL 2004 17 when a spring having smaller spring constant is used. For
exanpl e, assuming that other conditions are simlar to those of the 77 JuylL 2004
conventional exanple and various conditions are set such that the
conpression spring reaches the fully S conpressed state when the water
volune is 20 liter, the spring constant of the spring used can be set to
about 0.7 Kgf/mm The vibration transhk¥ssion force at the tine of
dehydration is in proportion to the spring constant. 10 Therefore,
transm ssion of considerable vibration of the water tank to the floor can
be significantly reduced. Wen the support receiving portions are arranged
| ower than the level of the rotation axis of the drum the water tank can
be supported stably. The support receiving 15 portions may be arranged
such that tvWieni stsprcénfrbavihgmembdlele sperinige alonsltame iirsclusdidig Fle
center axis of the rotary axis is shorter than those between that vertical
pl ane and téwample al asyumingothatcekhiengcpadiitdosis Byesgdmi lar aivgenent ,
the rod inclines outward, and hence clearance 20 between the support
recei vi ng porasemsf athangedveastienaloexehpleowad perticsrs condid icod and t he
outer tank can be ensured with much roomand, on the.contrary, the outer
tank can bermdzetnamterthetetheabpyppresshoof spixd ngl megiches ¢the dasllas a
rod 25 receptacle at an upper end. The outer tank has a plurality
5 compressed state when the water volume is 20 liter, the
spring constant of the spring used can be set to about 0.7
Kgf/mm.
The vibration transmission force at the time of
dehydration is in proportion to the spring constant.
i0 Therefore, transmission of considerable vibration of the
water tank to the floor can be significantly reduced.
wWhen the support receiving portions are arranged
lower than the level o©of the rotation axis of the drum, the
water tank can be supported stably. The support receiving
15 portions may be arranged such that the distance from them
to the vertical plane including the center axis of the
rotary axis is shorter than those between that vertical
plane and the plurality of rod receiving portions. By such
arrangement, the rod inclines outward, and hence clearance
20 between the support receiving portions arranged nearer to
the lower portion of the rod and the outer tank can be
ensured with much room and, on the contrary, the outer
tank can be made smaller.

Preferably, each of the plurality of rods has a rod

25 receptacle at an upper end. The outer tank has a plurality



2 7J Ut 2004 18 of openings through which the rods are inserted, forned
at portions corresponding to the rod receiving portions at the portb?mULzm‘
provi di ng the upper surface of the outer box. Each of the plurality ©

| oad receiving portions includes 5 a | oad receiving nmenber having an
openi ng through which the rod is inserted, arranged at the opening
position of the upper surface of the d8ter tank for supporting from | ower
side the rod receptacle of the | oad receptacle of the rod which is

i nserted through the opening, and a 10 vi brati on absorber arranged between
the rod receiving nenber and the upper surface of the outer tank, and
havi ng an openi ng through which the rod is inserted. In this structure,
even when the water tank vibrates, only the force in conpressing direction
acts on t hefl®pémimg$ obhabsghbehiahdthkerediss aret imsfeorted ,i f chvest iaty
direction. Therefore, it is not necessary to set the hardness of the

vi brati on Jdrisars hgheespondinastantheheods regeiivg ndopeet iamd dnce

vi bration can be effectively reduced by using vibration absorber wth

smal | spri f'QEToRseANProAtesnd hhet BPRASt Furfaspef &het Iva YR dDit-

i nvention, _the drumwasher-drier includes a drying drum fornmed of netal
which is rétaghme epuplaral bierpbedoad SeCRAVIRG PPESACNENd YEatdeSur f aces

al ong the axis apd having a 25 circul ar opening at the front surface, and a
mot or 2 a load receiving member having an opening through which

the rod is inserted, arranged at the opening position of
the upper surface of the outer tank for supporting from
lower side the rod receptacle of the load receptacle of
the rod which is inserted through the opening, and a

10 vibration absorber arranged between the rod receiving
member and the upper surface of the outer tank, and having
an opening through which the rod is inserted.

In this structure, even when the water tank vibrates,
only the force in compressing direction acts con the

15 vibration absorber and there is not a force in shearing
direction. Therefore, it is not necessary to set the
hardness of the vibration absorber higher to withstand the
shearing force, and hence vibration can be effectively
reduced by using vibration absorber with small spring

20 constant.

According to another aspect of the present invention,
the drum washer-drier includes a drying drum formed of
metal which is rotatable about a prescribed axis, having
front and reaxr surfaces along the axis and having a

25 circular opening at the front surface, and a motor



2 7 Jul 2004 19 operatively coupled to the rotary axis. The drum has a

ri ng-shaped groove having an outer sidewall, an inner sidewall and a7 JuL 2004
bottom surface, formed at | east on the front surface or the rear surface.
The drum washer-drier 5 further includes a ring-shaped fluid bal ancer
inserted in the groove such that its outer side surface is supported by
the outer and inner walls. During dryi¥g, it is possible that the fluid

bal ancer formed of synthetic resin is heated to a higher 10 tenperature
for drying and may possibly be deforned. However, in the present

structure, the outer side surface of the fluid balancer is reinforced by
the sidewalls of the groove forned in the nmetal drum and hence
deformation of the fluid balancer is prevented. 15 The outer sidewall of

t he drum grpeve tise liye corpliegedo iiheh 2oLy adx1y. of Thedriyras %ol es. The
fluid bal ancer nmay have a plurality of convex portions to be fitted in

t he rect angangrshepes, greaved havigusian onsteory vdpondi ngant bNPRE
rectangul ar holes on the outer side surface thereof. 20 By fitting the
convex por 6iggyailad @RE PedodiGm HuHAWS, [eFeed | dlBafhneRr tB8n be fi xed

on the drumin a'" sinple manner. A plurality of rips ngé?q$ formed on the
front surfEEBLwWEMNER acEcOE FlvendieP iR 132 £ 1 i BHYhESNE - 9519  tted in

the groove. Wien the drumis rotated durin . ,
95 further includes a ring-s apeé fﬁuid balancer inserted in

the groove such that its outer side surface is supported
by the outer and inner walls.

During drying, it is possible that the fluid balancer
formed of synthetic resin is heated to a higher

10 temperature for drying and may possibly be deformed.
However, in the present structure, the outer side surface
of the fluid balancer is reinforced by the sidewalls of
the groove formed in the metal drum, and hence defoxrmation
of the fluid balancer is prevented.

15 ) The outer sidewall of the drum groove may be provided
with a plurality of rectangular holes. The fluid balancer
may have a plurality of convex portions to be fitted in
the rectangular holes, formed at positions corresponding
to the rectangular holes on the outer side surface thereof.

20 By fitting the convex portions in the rectangular holes,
the fluid balancer can be fixed on the drum in a'simple
manner.

A plurality of ribs may be formed on the front
surface which faces outward when the fluid balancer is

25 fitted in the groove. When the drum is rotated during



27 JUL 2004 20 drying, these ribs provide a fan, and wi nd generated by

the fan cools the drumand the fluid bal ancer, thus preventing deforphtjypaoni
of the fluid balancer. The body of the fluid bal ancer may have such a size
5 that can be inserted in the groove with a space fromthe drum a
plurality of projections may be fornmed on the outer side surface, the

I nner side surface and the bottom surd@ce of the fluid balancer, and the
fluid balancer may be fixed in the groove of the drumwi th a space forned
10 between the drum and the fluid balancer. The drumand the fluid

bal ancer contact only at the projections, and there is space between these
at other portions. Therefore, heat transmtted fromthe netal drumto the
fluid bal ancer formed of synthetic resin can be reduced. 15 According to
anot her asdegtinaf, theseg asdd proreide on, fan heam@t hbodofeopeesedngyt he drum
washer-drier includes, after washing or rinsing, the step of |ow speed
rotation ithewfiaoh ctoed snother dmsanccarid of heedf bucdh babdeanche, debrsis rotated
for a prescribed tine period at a rotation speed 20 higher than critical
rotation speeseont inige delfirimhdtalamosf thendf lwwdrbeahancehe resonance rotation
speed caused by resilient support, and after the drumis rotated for a
prescribed ti neTper bedlvatoft eheprivkickd Heall 29X | BRY sheedl, SuERe@sFép®of hi gh

speed rotation in which the nmotor is 25 controlled such that the drumis
rot at 8d at that can be inserted in the groove with a space from the

drum, a plurality of projections may be formed on the
outer side surface, the inner side surface and the bottom
surface of the fluid balancer, and the fluid balancer may
be fixed in the groove of the drum with a space formed

10 between the drum and the fluid balancer. The drum and the
fluid balancer contact only at the projections, and there
is space between these at other portions. Therefore, heat
transmitted from the metal drum to the fluid balancer
formed of synthetic resin can be reduced.

15 " According to another aspect of the present invention,
the method of operating the drum washer-drier includes,
after washing or rinsing, the step of low speed rotation
in which the motor is controlled such that the drum is
rotated for a prescribed time period at a rotation speed

20 higher than critical rotation speed of the fluid balancer
and lower than the resonance rotation speed caused by
resilient support, and after the drum is rotated for a
prescribed time period at the prescribed rotation speed,
the step of high speed rotation in which the motor is

25 controlled such that the drum is rotated at a



2 7 JUL 2004 21 predeterm ned high rotation speed for dehydration. At the
time of dehydration, water in the tank is drained, and the drumis rOnggwizwé
e

at a |l ow speed, for exanple at 55 rpmin order to untangle laundry int
drum 5 At this tinme, the fluid in the fluid balancer is biased to the

| ower side because of gravity. Thereafter, drumis rotated at a prescribed
rotati on speed which is higher than t#e critical rotation speed, for
exanpl e, about 65 rpmbut |ower than the resonance rotation speed, that
Is, 10 250 rpm Nanely, the drumis rotated at about 160 rpm for exanple.
At this tinme, the fluid in the fluid balancer is not biased but
distributed as a ring in the circunferential direction, because of
centrifugal force. Therefore, large vibration near the resonance rotation
15 speed i predetgemdmaicedigid tdtea r esonspreed r boat dehygpagdoncan be passed
snmoothly. As for the prescribed rotation speed for this purpose, a
plurality of di Atetdet tristeatdbrietpedrist hey. beatereénehe Akl éfer to

hi gher ones of the selected rotation speeds 20 may be sel ected so that the
rotati on spsedned .t wad Itliel dium ake ot at¢d aditiaf| YOVnEPBESed fOFhen
distribution of the fluid in the fluid balancer changgs g[adugllé and the
fluid bal aREERPRENAY SFs TFadnl 985S THE? 4 RFaNI bGeh@PASFKelNstBF BFum-

i ncreasing the_rotation speed of the drum 25_¥igr tion of the dan1can be
suppréssedﬁt this time, the fluid in the flui alancer i1s piased to

the lower side because of gravity. Thereafter, drum is
rotated at a prescribed rotation speed which is higher
than the critical rotation speed, for example, about 65
rpm but lower than the resonance rotation speed, that is,

10 250 rpm. Namely, the drum is rotated at about 160 rpm, for
example. At this time, the fluid in the fluid balancer is
not biased but distributed as & xring in the
circumferential direction,.because of centrifugal force.
Therefore, large vibration near the resonance xotation

15 speed is not generated and the resonance rotation speed
can be passed smoothly.

As for the prescribed rotation speed for this purpose,

a plurality of different rotation speeds may be selected,
and lower to higher ones of the selected rotation speeds

20 may be selected so that the rotation speed of the fluid
balancer is gradually increaséd. Then distribution of the
fluid in the fluid balancer changes gradually and the
fluid balancer functions gradually. Therefore, even in the
step of increasing the rotation speed of the drum,

25 vibration of the drum can be suppressed.



27 JUL 2004 22 A vibration sensor may be provided in the water tank of the
drum washer-drier, whether the detected value of the vibration sens@r7 {8 2004
hi gher than a prescribed value or not may be determ ned before the start
of the high speed 5 rotation step, and in accordance with the result of
determ nation, whether to start the high speed rotation step or to return
to the | ow speed rotation step may be 24letermined. Only when the vibration
of drumat a prescribed rotation speed is |ower than a prescribed value 10
before transition to the high speed rotation, high speed rotation starts.
Therefore, drumvibration at high speed rotation can also be suppressed.
The foregoing and ot her objects, features, aspects and advantages of the
present invention will becone nore 15 apparent fromthe foll ow ng detail ed
description of thevilpraskon $evenrioaywhenprakédeidn idothensates \%iatﬁ%‘ t he
acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE DRAWNGS Fig.. 1 is a cross
section of af drhandwmshevasherrdrhexr20whetbeganbe Wetwcied Vel ventdddi nent .
Fig. 2 is a cross section along the front surface of the drumwasher-drier
of the firdthenbideraehen sepsos is highessthapt PoRTESEHESE YRlSE Ofe drum

washer-drier in accordance with the first_ enbodi nent. 25 Eigg\. 4 is an
enl arged cmeds maxtherdetesnppedt before the start of the high speed

5 rotation step, and in accordance with the result of
determination, whether to start the high speed rotation
step or to return to the low speed rotation step may be
determined. Only when the vibration of drum at a
prescribed rotation speed is lower than a prescribed value

10 before transition to the high speed rotation, high speed
rotation starts. Therefore, drum vibration at high speed
rotation can also be suppressed.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more

15 apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a cross section of a drum washer-drier in

20 accordance with a first embodiment.

Fig. 2 is a cross section along the front surface of
the drum washer-drier of the first embodiment.

Fig. 3 is a cross section of the drum of the drum
washer-drier in accordance with the first embodiment.

25 Fig. 4 is an enlarged cross section of support



2 7 JUL 2004 23 receiving portion and danper portion of the drum washer-

drier in accordance with the first enbodiment. Fig. 5 is an enlarged g70RS 7004

section of a load receiving portion of the drum washer-drier in accordance
5 with the first enbodinent. Fig. 6 is a cross section of a vibration
sensor of the drumwasher-drier in accordance with the first enbodi nent.
Fig. 7 is a schematic bl ock diagram of control 10 circuit for the drum
washer-drier in accordance with the %?st enbodinment. Fig. 8 is a flow
chart showing control at the time of dehydration of the drum washer-drier
in accordance with the first enbodinment. 15 Fig. 9 is a cross section
taken along the front surface of a fluid balancer. Fig. 10 is a cross
section taken along the front surface of the fluid balancer Fig. 11 is a

flow chart show n control flow,of the ier |n accordance
Wi th a secaRF SHbo Rt C1oR; G, 6P éoge?ffs&ﬁ" o 4T
masher-drlﬁéﬁln accordance with. E Eb enbodi nt.. 13 is a cross
section takBmeh ol 15 ¥9oRTe ¥hrPatBSof 1454 M §H§V1dr|er in accordance

with a fourth %%4§ﬁp§digeén enlarged cross section of a load

receiving portion of the drum washer-drier in accordance
5 with the first embodiment.

Fig. 6 is a cross section of a vibration sensor of
the drum washer-drier in accordance with the first
embodiment.

Fig. 7 is a schematic block diagram of a control

10 circuit for the drum washer-drier in accordance with the
first embodiment.

Fig. 8 is a flow chart showing control at the time of
dehydration of the drum washer-drier in accordance with
the first embodiment.

15 Fig. 9 is a cross section taken along the front
surface of a fluid balancer.

Fig. 10 is a cross section taken along the front
surface of the fluid balancer.

Fig. 11 is a flow chart showing control flow of the

20 drum washer-drier in accordance with a second embodiment.

Fig. 12 is a cross section of a drum washer-drier in
accordance with a third embodiment.

Fig. 13 is a cross section taken along the front
surface of a drum washer-drier in accordance with a fourth

25 embodiment.



2 7 JUL 2004 24 Fig. 14 is an enlarged cross section of the support

recei ving portion and the danper portion of the drum washer-drier in27 JuL 200
accordance with a fifth enbodinent. Fig. 15 is a cross section of the drum
of a drum 5 washer-drier in accordance with a sixth enbodinent. Fig. 16
is an enlarged cross section of an outer peripheral portion of the drum of
the drum washer-drier in accordance mﬁé@ a seventh enbodinent. Fig. 17 is
an enlarged cross section of the drumand 10 fluid bal ancer of the drum
washer-drier in accordance with an eighth enbodinent. Fig. 18 is a
perspective view of the drumand the fluid balancer of the drum
washer-drier in accordance with a ninth enbodinent. 15 Fig. 19 is a cross
section of a first exanple of a conventional drumdrier. Fig. 20 is a

cross section taken along the front urface of the first exanple.f the
convent i onal druﬂ%gmaéﬁeggd?PeF9??6gﬁﬁgFr5fsigeg&éggégfsggkioﬁﬁ#hﬁen al ong

washer -dr | GRSC £ Gn8PPEE 408 028 LBt PRI Yok Saonn The Fr SRt surface of
a third exanple of the conventional drum 23 VIS wHictfiment .
Fig. 15 is a cross section of the drum of a drum
5 washer-drier in accordance with a sixth embodiment.

Fig. 16 is an enlarged cross section of an outer
peripheral portion of the drum of the drum washer-drier in
accordance with a seventh embodiment.

Fig. 17 is an enlarged cross section of the drum and

10 fluid balancer of the drum washer-drier in accordance with
an eighth embodiment.

Fig. 18 is a perspective view of the drum and the
fluid balancer of the drum washer-drier in accordance with
a ninth embodiment.

15 Fig. 19 is a cross section of a first example of a
conventional drum-drier. |

Fig. 20 is a cross section taken along the front

surface of the first example of the conventional drum

washer-drier.

20 Fig. 21 is a cross section taken along the front
surface of a second example of the conventional drum

washer-drier.

Fig. 22 is a cross section taken along the front
surface of a third example of the conventional drum

25 washer-drier.



2 7 Jut 2m 25 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS (First Enbodi nent)
By enbodi nent of the drum washer-drier in accordance wth the presen?7JUL2w£

i nvention and nmet hod of operation 5 therefor will be described with
reference to Figs. 1 to 10. The drum washer-drier is also one formof a
drumdrier. Referring to Figs. | and 2, the washer includes a drum!|

havi ng a nunber of small holes 2 contakping and rotating |aundry, and a
water tank 3 for holding water and 10 enclosing drum 1. Water tank 3 has a
hol I ow cylindrical shape and at the central portion on a rear surface
thereof, an approximately horizontal rotary axis 4 is rotatably supported
with one end fixed at the center of the bottom surface of drum11. At the
other end of rotary axis 4, a 15 drumpulley 5 is fixed. On the | ower

surface of preCRIFEAIGN % PHErPNEPGRABDOEMBODSMBNIrgChed. A notor pulley 7
Is attached to the tip end of rotary axis of driving notor 6, and notor

pul ley 7 and drymixnsd esmSodimeppratively coupled by nmeans of a belt 8.
20 Drum 1, water tank 3 and notor 6 constitute a vibrating body. The

vi brating body iBy reahdd imdnty ofupperdedmoraahboxdefiean iouterotranlc® in the
followng manner. On an inner upper surface of the box of outer tank 9, a
plurality efithodtheeqaiesery pitemnsoB4andempthotdded. opbrAtplowr al ity of
suspendi ng rods 10 are suspended fromthe
5 therefor will be described with reference to Figs. 1 to 10.
The drum washer-drier is also one form of a drum drierx.
Referring to Figs. 1 and 2, the washer includes a drum 1
having a number of small holes 2 containing and rotating
laundry, and a water tank 3 for holding water and

10 enclosing drum 1. Water tank 3 has a hollow cylindrical
shape and at the central portion on a rear surface thereof,
an approximately horizontal rotary axis 4 is rotatably
supported with one end fixed at the center of the bottom
surface of drum 1. At the other end of rotary axis 4, a

15 drum pulley 5 is fixed. On the lower surface of water tank
3, a driving motor 6 is attached. A motor pulley 7 is
attached to the tip end of rotary axis of driving motor 6,
and motor pulley 7 and drum pulley 5 are operatively
coupled by means of a belt 8§.

20 Drum 1, water tank 3 and motor 6 constitute‘a
vibrating body. The vibrating body is resiliently
supported on a box of an outer tank 9 in the following
manner. On an inner upper surface of the box of outer tank

9, a plurality of rod receiving portions 84 are provided.

25 A plurality of suspending rods 10 are suspended from the



2 7J U1 2004 26 plurality of rod receiving portions 84, respectively. The
structure of rod receiving portion 84 will be described later with
reference to Fig. 5. Meanwhile, the water tank 3 has support receiVQJQMLZW‘
portions 13 at positions lower 5 than the central axis at front and rear
portions on opposing sides, through which |ower ends of suspending rods
10 pass. Referring to Fig. 4, at the | r end of suspending rod 10
passi ng through and projecting downward™ fromthe support receiving portion
13, a spring receiving 10 portion 11 is fixed. To the suspending rod 10

bet ween support receiving portion 13 and spring receiving portion 11, a
conpression spring 12 is inserted. As the support receiving portion 13 is
supported by spring receiving portion 11 with conpression spring 12
inserted 15 therebetween, water tank 3 is suspegﬂed and r%§ilientl

supported iPlWtAEILY afk BOdAFSERAVEGRePO& A OPSr tton 16T RS éﬁﬁﬁﬁg %88 10,
Conpr essi of SPH TEa 20T oE8 BSPARHCHRCEREF aced? HOPer A s g 4
Gaper 15 HELUISE R SRRRELE oo g M Cl DRsnBUE", Bl gy
cdge of spr 25 VERST b FRCROY L8n PEE Y EAg! fdably B st BeC W eh (he
| nner 5 than the central axis at front and rear portions on
opposing sides, through which lower ends of suspending
rods 10 pass. Referring to Fig. 4, at the lower end of
suspending rod 10 passing through and projecting downward
from the support receiving portion 13, a spring receiving
10 portion 11 is fixed. To the suspending rod 10 between
support receiving portion 13 and spring receiving portion
11, a compression spring 12 is inserted. As the support
receiving portion 13 is supported by spring receiving
portion 11 with compression spring 12 inserted
15 therebetween, water tank 3 is suspended and resiliently
supported in outer tank 9.
At the lower end portion of suspending rod 10, there
is provided a damper 15 which generates friction
resistance as the compression spring 12 1is
20 expanded/compressed. Referring to Fig. 4, damper 15
includes a damper sleeve 15a which has such a shape that
encloses spring receiving portion 11 and compression
spring 12 and inserted to the lower end portion of

suspending rod 10. Outer periphefal edge of spring

25 receiving portion 11 is slidably in contact with the inner



27 JUL2904 27 surface of danper sleeve 15a. Consequently, as the
conpression spring 12 i s expanded/ conpressed, friction resistance is 27 JUL 2004
generated between the inner surface of danper sleeve 15a and the outer
peri pheral edge of spring 5 receiving portion 11. Again referring to Fig.
1, at the front surface of the box of outer tank 9, there is provided a
door 16 for putting in the [aundry. ngmeen the water tank 3 and outer
tank 9 at this portion, a bell ows shapéd door packing 17 10 is provided.
When door 16 is closed, water tank 3 becones water tight, because of the
door packing 117. At an upper portion in the box of outer tank 9, a
control circuit 18 for controlling operation in various steps is provided.
Bel ow the water tank 3, there is a drain valve 19 for 15 draining water and
the like fromwater tank 3, and water _is drained at_the ting of
dehydr at i ons®yEeeesOfarempeThELECVEr & SPegsC20S8BUERE Kot £8mtESr f ace of the
box of outer tank 9, and the washer as a w@ole i S support.ed qpc}he floor.
Referring te°RPESSDICR PPLAASI iy &f BAPENESSEORPE €556 Gyr dFilded Bh t he
i nner peripheral surface of drun1é. At an u%pen portionoE water tank 3,
there is pro9FuUeHRACeViBr SBNBRALEMAs bR T8 0 PRt NG WiH &t iOn of wat er
tank 3. Structure of vibration sensor 80 will .be described .25 As
shown in FiQ?m??rtﬁgegﬁﬁcégﬁeﬁﬁgeﬁ Suppse per 12fie181° Y of ¥fing
5 receiving portion 11.
Again referring to Fig. 1, at the front surface of
the box of outer tank 9, there is provided a door 16 for
putting in the laundry. Between the water tank 3 and outer
tank 9 at this portion, a bellows shaped door packing 17
10 is provided. When door 16 is closed, water tank 3 becomes
water tight, because of the door packing 117. At an upper
portion in the box of outer tank 9, a control circulit 18
for controlling operation in various steps is provided.
Below the water tank 3, there is a drain valve 19 for
15 drxaining water and the like from water tank 3, and water
is drained at the time of dehydration by this valve. There
are legs 20 at the bottom surface of the box of outer tank
9, and the washer as a whole is supported on the floor.
Referring to Fig. 2, a plurality of baffles 21 are
20 provided on the inner peripheral surface of drum 1. At an
upper portion of water tank 3, there is provided a
vibration sensor 80 for detecting vibration of water tank
3. Structure of vibration sensor 80 will be described

later.

25 As shown in Fig. 2, the space between support



2 7 Jul 2004 28 receiving portions 13 when viewed fromthe front is
shorter than the distance between rod receiving portions 84, and henck] JU! 2004
suspending rods 10 are inclined by an angle 9 with respect to the vertical
direction. Because of this 5 inclination, a clearance X between the support
receiving portion 13 and the box of the outer tank 9 can be sel ected
smal | er than when the suspending rods 28 are vertical. Accordingly, the
size of the washer as a whole can be reduced. 10 As shown in Fig. 1, there
are a drying air duct 241 for guiding drying air to water tank 3, a drying
heater 214 arranged in drying air duct 241, and a heat exchanger 215 for
renovi ng noi sture arranged in drying air duct 241. In Fig. 2, these
el enents are onmtted for sinplicity. 15 Referring to Fig. 3, drum1
i ncl udes cagraEienirsy spht i ass MEB avhdnumibettodirba, thedrfuniodys | b and a
drumlid lc, and it is fornmed by joining these conponents. Drumlid |c
has a ci r cuhenr tegee i hgn 56hé od iretlant et hetweaherpdamécan vargulpartdooeve 51
therearound. In this groove 51, a fluid 20 balancer 32 is fitted such that
at |east ittd, mmsl hamte csmepepdingherdeslr erenincdinedobtya@n wintgiet he
side surface of groove 51. Fluid balancer 32 is fixed on drum1l by neans
of screw 52 #idh tespratertperiphe st icalediFeat donbal Bewauss2of stlaifol | ow
annul ar body formed of synthetic 25 resin, with fluid sealed therein. A
plurabity éhcdpdgigtion, a clearance X between the support receiving
peortion 13 and the box of the outer tank 9 can be selected
smaller than when the suspending rods 10 are vertical.
Accordingly, the size of the washer as a whole can be
reduced.
10 As shown in Fig. 1, there are a drying air duct 241
for guiding drying air to water tank 3, a drying heater
214 arranged in drying air duct 241, and a heat exchanger
215 for removing moisture arranged in drying air duct 241.
In Fig. 2, these elements are omitted for simplicity.
15 Referring to Fig. 3, drum 1 includes components such
as metal drum bottom la, a drum body 1lb and a drum 1lid lc,
and it is formed by joining these components. Drum lid 1lc
has a circular opening 50 formed at the center, and an
annular groove 51 therearound. In this groove 51, a fluid
20 balancer 32 is fitted such that at least its inner and
outer peripheries are in tight contact with the side
surface of groove 51. Fluid balancer 32 is fixed on drum 1
by means of screw 52 from the outer peripheral side. Fluid

balancer 32 is a hollow annular body formed of synthetic

25 resin, with fluid sealed therein. A plurality of small



2 7 JUL 2004 29 holes 2 are fornmed on the peripheral side surface of drum
body | b. Further, baffles 21 are provided as mentioned above, on innér7 JUL 2004
side surface of drumbody Ib (Fig. 2). Referring to Figs. 1 and 2, the

hei ght position of 5 support receiving portion 13 provided at water tank 3
can be arbitrarily set. However, in the washer in accordance wth this
enbodi nent, the support receiving port2dsns 13 are provided at the central
position A of rotary axis 4 or lower than that. The position of center of
gravity of the 10 vibrating body constituted by water tank 3, drum 1l and
driving notor 6 would be |ower than the level A of the center of rotary
axis 4 in this structure. Therefore, when the |evel of the support
receiving portion 13 is selected in this manner, water tank 3 can be nore
stably susperided ASradfoesedi ent tiespppaphedalVishidat isair flacan s tdrash i n
each of the steps of washing, rinsing and dehydration can be suppressed
and, in addiddynlbvi hatther ofbafdlers tahkaBe pteselfledaasbmeatppnessed.
Referring to Fig. 5, structure of the rod receiving 20 portion 84 will be
descri bed iabayecater detax |side shefapertvifodrofn bodyr abei(Fimg @ortion 84,
on the |l ower side at an upper portion of the body of outer tank 9, there
is fornmed a holRefiemoing ope pFogect 1 ngndodmwahe, hanghttheosdd iareedi vi ng
portion 85 is arranged therein. Between rod 25 receiving portion 85 and
out er 3t ank S®PRA®Y ergeeving portion 13 provided at water tank 3 can

be arbitrarily set. However, in the washer in accordance
with this embodiment, the support receiving portions 13
are provided at the central position A of rotary axis 4 or
lower than that. The position of center of gravity of the
10 vibrating body constituted by water tank 3, drum 1 and
driving motor 6 would be lower than the level A of the
center of rotary axis 4 in this structure. Therefore, when
the level of the support receiving portion 13 is selected
in this manner, water tank 3 can be more stably suspended
15 and resiliently supported. Vibration transmitted in each
of the steps of washing, rinsing and dehydration can be
suppressed and, in addition, vibration of water tank 3
itself can be suppressed.
Referring to Fig. 5, structure of the rod receiving
20 portion 84 will be described in greater detail. At the
portion of rod receiving portion B4, on the lower side at
an upper portion of the body of ocuter tank 9, there is
formed a hollow portion projecting downward, and the rod
receiving portion 85 is arranged therein. Between rod

25 receiving portion 85 and outer tank 9, there is a



2 7 juL 2n 30 vibration absorber 22 formed of | ow rebound rubber nold.
Rod receiving nenber 85 and vibration absorber 22 have openings, and7gufigri
tank 9 al so has an opening at the corresponding portion. A hem spheri cal

rod receptacle 23 5 fixed on an upper end of suspending rod 10 is inserted

t hrough and supported by the rod receiving nenber and vibration abso
22 and received. As vibration absorber322 is interposed between rod
recei ving nmenber 85 and outer tank 9, vibration of water 10 tank in
various steps of washing can be reduced. At this tinme, as is apparent from
vi bration absorber 22 receives only the conpression |oad
supporting water tank 3 through rod receptacle 23 and | oad receiving

Fig. 5,

menber

85.

There is not a shearing force acting on vibration absorbe

I Ca

r ber

r 15

22. Theref aribrdtidrs qlossilke 2 Sereed bowlbwbbebounar dnederf e ld.brati on
absorber 22. For exanple, even if it is necessary to use a materi al
har Rees e L @I ndrelve s hgfirang fobeetaohsabsovbexattizomaziesor ber 22

r ubber

in the present enbodi nent a material having rubber 20 hardness of abo
401C may bepssedcgs t leoud anyeprodohlen® absachaa aat epealinigawitnghleow r ubber
har dness can be used for vibration absorber 22, vibration transmtte
wat er tank c@rimesparetin@rpoBst oeam. béd digmidplveanidyl reddcreceRedelei 29 to

vi bration sensor 80 includes a 25 case 104, a piezoelectric device
101 aﬁrangédmad(nnuamjupper end of suspending rod 10 is inserted

Fig. 6,

10

15

20

25

through and supported by the rod receiving member and
vibration absorxrber 22 and received.

As vibration absorber 22 is interposed between rod
receiving member 85 and outer tank 9, vibration of water
tank in various steps of washing can be reduced. At this
time, as is apparent from Fig. 5, vibration absorber 22
receives only the compression load supporting water tank 3
through rod receptacle 23 and load receiving member 85.
There is not a shearing force acting on vibration absorber
22. Therefore, it is possible to select low rubber
hardness for vibration absorber 22. For example, even if
it is necessary to use a material having rubber hardness
of 50°C when shearing force acts on vibration absorber 22,
in the present embodiment a material having rubber
hardness of about 40°C may be used without any problem.
Since a material having low rubber hardness can be used
for vibration absorber 22, vibration transmitted from
water tank 3 to outer tank 9 can be significantly reduced.

Referring to Fig. 6, vibration sensor 80 includes a

case 104, a piezoelectric device 101 arranged in case 104,

havi ng
ut

d from



2 7 JUL 2004 31 a weight 102 and a spring 103. Wight 102 vibrates in case
104 in accordance with vibration of water tank 3, and at this tine, Meightg
102 is biased in the direction to piezoelectric device 101 by neans of
spring 103, and hence 5 piezoelectric device 101 generates an el ectric
signal of which magni tude depends on vibration of water tank 3. Referring
to Fig. 7, control circuit 18 includes3® notor driver 130 for driving notor
6, vibration sensor 80, a heater driving portion 210 for driving a heater
24, a 10 drain valve driving portion 130 for driving drain valve 19, a

wat er feed valve driving portion 13 for driving a water feed valve, not
shown, a CPU 120 connected to a buzzer 128, an operation panel 122
connected to CPU 120, an ROM (Read Only Menory) 124 storing a program for
control i nga veeighs 162 séepsaospwashi A 3exedaightby0CPYib2@Leand nanaRaM
(Random Access Menory) used as working area by CPU 120. Control «circuit
18 oper at esl0$ imeas¢ordancesnnth wsbzatoomoef eerterltardnput emdared net hod
of operation itself is known. Therefore, details thereof is not repeated.
Control 20 Yaisitimer weight pbeéséatbéabedi ianthei dinsstdeycrticoed | ater
with reference to Fig. 8. Referring to Fig. 9, fluid balancer 32 is forned
of an annwpigzegiedkric devine 20d brchedes aif eprdmg gé&3.plad, hencen

i nner periphery 92, a section nmenber 94 25 forned radially frominner
peripﬁgry Piezprllectrig ddogice 101 generates an electric signal of

which magnitude depends on vibration of water tank 3.
Referring to Fig. 7, control circuit 18 includes a
motor driver 130 for driving motor 6, vibration sensor 80,
a heater driving portion 210 for driving a heater 24, a
10 drain valve driving portion 130 for driving drain valve 19,
a water feed valve driving portion 13 for driving a water
feed valve, not shown, a CPU 120 connected to a buzzer 128,
an operation panel 122 connected to CPU 120, an ROM (Read
Only Memory) 124 storing a program for controlling various
15 steps of washing executed by CPU 120, and an RAM (Random
Access Memory) used as working area by CPU 120. Control
circuit 18 operates in the similar manner as a common
control computer and method of operation itself is known.
Therefore, details thereof is not repeated. Control
20 particular to the present embodiment will be described
later with reference to Fig. 8.
Referring to Fig. 9, fluid balancer 32 is formed of
an annular synthetic resin, and includes an outer
periphery 91, an inner periphery 92, a section member 94

25 formed radially from inner periphery 92, and a fluid 93



2 7 J U 2004 32 such as salt solution sealed in a space between inner wall
92 and outer wall 91. The drum washer-drier in accordance with the fi2§tU 004
enbodi ment operates in the following manner. Referring to 5 Figs. 1 an& £,
door 16 is opened and laundry is put in the drum 1. Thereafter, through
wat er feed val ve (not shown), water is fed to water tank 3. Filling of
water is continued until water reache32a prescribed level. At this tineg,
wei ght of water tank 3 increases as the water is fed, 10 and conpression
spring 12 (see Fig. 4) is gradually conpressed. Wen a prescribed anount
of conpression, that s, prescribed anount of |owering of water tank 3
(for exanmple, 20 mm) is reached, conpression spring 12 reaches the fully
conpressed state, and thereafter water tank 3 is 15 directly supported by
suspendi ng swds d9,sabtthalutiodosesalrdt ihuet Iseradeowmrtwadiren rireer wadtl6r
reaches a prescribed |evel, water feeding term nates. Thereafter, washing
by tunblirfy isnperienedaby gdtating drum 1l at a | ow speed. Then water is
drai ned fromwater tank 3'by opening drain 20 valve 19, water is fed again
and rinsing is pérd ol washehedsaer mranaecoasamashiwigh hhet rildsitng.
Dehydration is performed by draining water fromwater tank 3 by opening
drai n val vermmdinent eperetes 1iat the Abdhowpagdmeanesat Referxisgr éaoved
by centrifugal force 25 fromthe |laundry, and the water is further renoved
out 5 Figs. 1 and 2, door 16 is opened and laundry is put in the
drum 1. Thereafter, through water feed valve (not shown),
water is fed to water tank 3. Filling of water is
continued until water reaches a prescribed level. At this
time, weight of water tank 3 increases as the water is fed,
10 and compression spring 12 (see Fig. 4) is gradually
compressed. When a prescribed amount of compression, that
is, prescribed amount of lowering of water tank 3 (for
example, 20 mm) is reached, compression spring 12 reaches
the fully compressed state, and thereafter water tank 3 is
15 directly supported by suspending rods 10, so that it dces
not further lower. When the water reaches a prescribed
level, water feeding terminates. Thereafter, washing by
tumbling is performed by rotating drum 1 at a low speed.
Then water is drained from water tank 3 by opening drain
20 valve 19, water is fed again and rinsing is performed in
the same manner as washing, by tumbling.
Dehydration is performed by draining water from water
tank 3 by opening drain valve 19, rotating drum 1 at a

high speed so that water is removed by centrifugal force

25 from the laundry, and the water is further removed out



273w. 2004 33 fromthe drum 1 through small holes 2. In the present

enbodi nent, rotation control of druml1l is performed by control circui? %§LZW£
in the followi ng manner. Referring to Fig. 8, when dehydration step 146
starts, water in water 5 tank 3 is drained, drum1 is rotated at a | ow
speed (for exanple 55 rpn) to entangle clothes in drum11, and tunbling is
performed (142). Then, as shown in step3 142, high speed rotation for
dehydration is started. However, in the present enbodi nent, the operation
is not 10 inmmediately switched to the high speed rotation. Mre
specifically, first, drum1 is rotated at a prescribed of rotation speed
(for exanple 160 rpn) which is higher than a critical rotation speed but

| ower than the resonance rotation speed for a prescribed tine period (for
exanpl e, 15rpm, dde ddxum4)  thimhewghoswall hbaghsf Rui dI®3the presdntbal ancer
32 is concentrated in the gravity direction as shown in Fig. 9 while the
drum i s roabasgmant owwatpreton ncortepl 148, drimi & 98 perdismeidbbtyed as a
ring along the periphery of fluid balancer 32 as shown in Fig. 10 during
20 prescri s@MtrelatdigrFuit st ®pinguhe Thet bo¥ing masoRanceReferaingntepeed
can be snoothly exceeded, and after the resonance rotation speed is
exceeded, FHE-f 8 hasvelehydrabhion|stepbafBnebATERd HALESt $nbaRAREe,
whereby vibration of water tank 3 can be suppressed. 25 Thereafter,

whet hér t héapnd Je i6f dgainad ord¥yput is rotated at a low speed (for

example 55 rpm) to entangle.clothes in drum 1, and
tumbling is performed (142). Then, as shown in step 142,
high speed rotation for dehydration is started. However,
in the present embodiment, the operation is not

10 immediately switched to the high speed rotation. More
specifically, first, drum 1 is rotated at a prescribed of
rotation speed (for example 160 rpm) which is higher than
a critical rotation speed but lower than the resonance
rotation speed for a prescribed time period (for example,

15 15 sec.) (144). Therefore, though fluid 93 in fluid
balancer 32 is concentrated in the gravity direction as
shown in Fig. 9 while the drum is rotating at low speed in
step 142, fluid 93 is distributed as a ring along the
periphery of fluid balancer 32 as shown in Fig. 10 during

20 prescribed rotation in step 144. Therefore, resonance
rotation speed can be smoothly exceeded, and after the
resonance rxotation speed is exceeded, the fluid moves in
the fluid balancer and adjusts balance, whereby vibration
of water tank 3 can be suppressed.

25 Thereafter, whether the value of vibration input



27 J UL 2004 34 through vibration sensor 80 is snmaller than a prescribed
value or not is determned (146). If the detected value is not highe? Bgﬁq
a prescribed value, drum1l is rotated at high speed (for exanple, at f 004
rpm, so that water 5 contained in the laundry is renoved through smal

holes 2 and dehydrated (148). If the value of vibration detected in step
146 is higher than the prescribed value# the flow returns to step 142, and
rotation of drum1l1l at a low and a prescribed rotation speed is repeated.

In this manner, 10 high speed rotation is performed only when vibration of
water tank 3 at the prescribed rotation speed in step 144 is smaller than
a prescribed level. Therefore, maxi mnum bias of the laundry can be Iimted.
Therefore, not only vibration of water tank near resonance rotation speed
but 15 al s¢hraywgh ivkboitivnesenank 80aishisghldpeedhast @t ipoescan beise
suppressed. Feature of the drumwasher-drier in accordance with the
present enB@diufer arot his tdepernidedydidfion W thefdethetedevadyeribed.

At the time of dehydration, water 20 tank 3 vibrates to sone extent because
of the bi a®dth highifmr yhamodehEFSCT AbeHevplBSendXEfbddilfefCt okt ank 3

I s suspended and resiliently supgorted bé suspending rod 10 and
conpr essi oM iHY iSREED. (FRF t BBA™PLPr i A LBRSTRAY - of© EHRPr #8583 spring 12

is set. small. Therefore, 25 transm ssion force of vibration.i ch.smal | er
as contained in the iaungry 1s remove tLroug smaQI %JTés 2

and dehydrated (148). If the value of vibration detected
in step 146 is higher than the prescribed value, the flow
returns to step 142, and rotation of drum 1 at a low and a
prescribed rotation speed is repeated. 1In this manner,

10 high speed rotation is performed only when vibration of
water tank 3 at the prescribed rotation speed in step 144
is smaller than a prescribed level. Therefore, maximum
bias of the laundry can be limited. Therefore, not only
vibration of water tank near resonance rotation speed but

15 also vibration of water tank 3 at high speed rotation can
be suppressed.

Feature of the drum washer-drier in accordance with
the present embodiment at the time of dehydration will
further be described. At the time of dehydration, water

20 tank 3 vibrates to some extent because of the bias in
laundry. However, in the present embodiment, water tank 3
is suspended and resiliently supported by suspending rod
10 and compression spring 12. Further, spring constant of
compression spring 12 is set small. Therefore,

25 transmission force of vibration is much smaller as



2 7J UL 2004 35 conpared with the prior art. Further, since danper 15
exhi bi ting danper function is provided at the |ower end of suspending m@dnm
10, vibration transmtted to the floor through danper 15 is not direct u%
indirect, through a 5 path including danper 15, suspending rod 10 and outer
tank 9. The transm ssion of vibration becones small as it is alleviated
by vi bration absorber 22 and outer tang 9. General vibration transm ssion
to the floor is made snaller than the %rior art exanples, and therefore 10
vibration of the floor can be prevented. In the step of drying, drying air
is heated and circulated by drying heater 214 arranged in drying air duct
241, so that noisture in the laundry is evaporated. The evaporated water
is renoved by heat exchanger 215. At 15 this tinme, drum1l is rotated at a

| ow speed so that the, |aundry is unifornly heated, .and dryin
faciIitated?mnﬂ%F?%eWéBBthﬂeéEFPBeﬁerer5 ?BE?ringfﬂﬁest%%h%gkdgying, hot

i i | at es, i t tank 3. T f dr. 1_ fluyid hal 32
MGG NG L A R R RN 7
(ored o SYOASHEORIR bt Vg P LRt SR I Shdgess Tovers.

\ ¢ ) erres o ( ancer 2 are -
as”a rbsul (PRI o Ry 351 PREC P nBF Ca PUSt PAae 51 0n ML, and as
a secquly path including damper 15, suspending rod 10 and outer tank

9. The transmission of vibration becomes small as it is
alleviated by vibration absorber 22 and outer tank 9.
General vibration transmission to the floor is made
smaller than the prior art examples, and therefore

10 vibration of the floor can be prevented.

In the step of drying, drying air is heated and
circulated by drying heater 214 arranged in drying air
duct 241, so that moisture in the laundry is evaporated.
The evaporated watexr is removed by heat exchanger 215. At

15 this time, drum 1 is rotated at a low speed so that the
laundry is uniformly heated, and drying is facilitated.

In the above described operation, in the step of
drying, hot air circulates in water tank 3. Therefore,
drum 1 and fluid balancer 32 arranged in water tank 3 are

20 aiso heated. As fluid balancer 32 is formed of synthetic
resin, it is softened by heat and its stiffness lowers.
However, as the inner and outer peripheries of fluid
balancer 32 are tightly fit in a groove 51 formed on metal
drum 1, fluid balancer 32 is, as a result, reinforced by

25 the inner wall of groove 51 on drum 1, and as a secondly



27 JUL 2P04 36 result, it conmes to have rigidity. Therefore, deformation

of fluid balancer 32 caused by inner or outer force in the radial ?7JULZM4
direction acting on fluid balancer 32 can be prevented. 5 Here, the fTorce
acting on fluid balancer 32 refers to the |load applied by the fluid seal ed
in fluid balancer 32 rotating about the horizontal axis exceeding a
prescribed nunber of rotation to the Bfner surface of fluid balancer 32
in radial outer direction as the fluid is diffused in 10 fluid bal ancer 32
by centrifugal force, or the load applied by the fluid in the gravity
direction as it is concentrated at a | ower portion of fluid balancer 32
when fluid balancer 32 rotates at a | ow speed or when it is stopped. 15
As described above, in the drumwasher-drier in accordance with the first
enbodi nent ,resatkr, t aBhkc@més teubperdedgandtiyesi Thenefprsupgefoeaalyyon
suspendi ng rods suspended from an upper portion in the box of outer tank
9. Furthemof «f boigreaténnespdngahaednyysdnnerspri oy teonstanne 20 itdhe

i nterposed between the support receiving portion and the spring receiving
portion. ThHadipk dizecthent agbing Oma§gph§,bﬂéﬁéﬁeﬁaﬁﬁ Tas B9 xedly held
at a prescribed height, and during dehydration, it is resiliently

support ed BFE¥RN%@MApression spring. Since spring constant 25 of

conpression spring can be set at a snmall value, its
5 Here, the force acting on fluid balancer 32 refers to

the load applied by the fluid sealed in fluid balancer 32
rotating about the horizontal axis exceeding a prescribed
number of rotation to the inner surface of fluid balancer
32 in radial outer direction as the fluid is diffused in

10 fluid balancer 32 by centrifugal force, or the load
applied by the fluid in the gravity direction as it is
concentrated at a lower portion of fluid balancer 32 when
fluid balancer 32 rotates at a low speed or when it is
stopped.

15 As described above, in the drum washer-drier in
accordance with the first embodiment, water tank 3 is
suspended and resiliently supported by suspending rods
suspended from an upper portion in the box of outer tank 9.
Further, a compression spring having small spring constant

20 is interposed between the support receiving portion and
the spring receiving portion. Therefore, at the time of
washing, water tank 3 is fixedly held at a prescribed
height, and during dehydration, it is resiliently
supported by the compression spring. Since spring constant

25 of compression spring can be set at a small value, its



2 7 JUL 2004 37 force of transmtting vibration of water tank 3 to the
out si de during dehydration is very small. Further, since water tank B7ij8| 2004
suspended and hel d by suspending rods 10, vibration absorber 22 provi ded
at the rod receiving 5 portion receives only the conpression |oad. Since
vi bration absorber 22 does not receive any shearing force, a material
having smal| spring constant may be us&d for vibration absorber 22.
Therefore, the amount of vibration transmtted outward can further be
reduced. 10 Further, prior to high speed rotation for dehydration, druml
Is rotated at a prescribed rotation speed which is higher than the
critical rotation speed but |ower than the resonance rotation speed for a
prescribed tinme period. Therefore, resonance rotation speed can be exceeded
smoot h, 15 oz dihrtatdroamineaing esmamcton ot it vahespeadkcadntbe theuppr essed.
Further, vibration sensor is provided and operation is switched to the
hi gh speedcoyé&risies Gvmoimy dehikdrathieon by areoy onabht erFuniies, asinge
prescribed rotation qued is not higher than a prescribed val ue. 20
Ther ef or e, “AtISTatiadc at I FHspridpdfandtheldnbrahuaPeBdprg 5apsr é8sed.
Further, drum3 is formed of netal, and the fluid balancer forned of
synt heti c VéSrRbion iabsarheny o RroY e Bt e UFP3, TRFERVERE out er
peri pheral portion of the 25 bal ancer supported b{ the wall surface of the
drunléroov€9rtl°“ receives only the compression load. Since
vibration absorber 22 does not receive any shearing force,
a material having small spring constant may be used for
vibration absorber 22. Therefore, the amount of vibration
transmitted outward can further be reduced.

10 Further, prior to high speed rotation for dehydration,
drum 1 is rotated at a prescribed rotation speed which is
higher than the critical rotation speed but lower than the
resonance rotation speed for a prescribed time period.
Therefore, resonance rotation speed can be exceeded smooth,

15 and vibration near resonance rotation speed can be
suppressed. Further, vibration sensor is provided and
operation is switched to the high speed operation only
when the vibration of water tank 3 at the prescribed
rotation speed is not higher than a prescribed value.

20 Therefore, vibration at high speed of rotation can also be
suppressed.

Further, drum 3 is formed of metal, and the fluid
balancer formed of synthetic resin is fit in a groove

formed on drum 3, with the outer peripheral portion of the

25 balancer supported by the wall surface of the drum groove.



2 7 J U 2004 38 Consequently, even when the fluid bal ancer is heated

hi gh tenperature during drying, for exanple, and a synthetic resin f
the fluid bal ancer conmes to have |ower stiffness, deformation of the
bal ancer can be 5 prevented as the fluid balancer is supported in the
radial direction by the inner wall of drum groove. In the above desc
first embodi nent, suspension resilient8support of water tank 3,

i nprovenent at transition to high speed rotation for dehydration, an
i nprovenent of drum and fluid bal ancer structures are conbined, and

washer-drier in a nost preferable formis inplenented. However, the

of reduced

vi bration as conpared wth the prior art exanple can be

attai ned even when anﬁ one of the above features is 15 enpl oyed. [ Sec
}9]

Enbodi ment [C@iggguant

accor dance

wsevepwwbencoher §luild bied astamy dfs heatyalt atd on
wi th' the second enbodi mrent of the present invention. The

to a
Lo
ri bed

d 10

a drum

ef f ect

ond
in

structure diigihctempenareref daoidgudryasher fom exampdd f andy @e or may not
be the sane as the first enbodinment. O the flow chart shown in Fig.

steps sini |s¥NEketiqosesdn fasmingwtbRafd udhowd ligmomEing canasd thehaue st
are denoted by the sane reference characters. 25 Therefore,

enbodi nent
detailed d

5

10

15

20

25

e ptsbhf fnePeof dpformptiepeafeghe fluid balancer can be

11,

prevented as the fluid balancer is supported in the radial

direction by the inner wall of drum groove.

In the above described first embodiment, suspension
resilient support of water tank 3, improvement at
transition to high speed rotation for dehydration, and
improvement of drum and fluid balancer structures are
combined, and a drum washer-drier in a most preferable
form is implemented. However, the effect of reduced
vibration as compared with the prior art example can be
attained even when any one of the above features is
employed.

[Second Embodiment])

Fig. 11 shows flow of control in the step of
dehydration in accordance with the second embodiment of
the present invention. The structure of the hardware of
drum washer-drier itself may be or may not be the same as
the first embodiment.

Of the flow chart shown in Fig. 11, steps similar to
those of the flow chart shown in Fig. 8 of the first
embodiment are denoted by the same reference characters.

Therefore, detailed description thereof is not repeated



27 J UL 2004 39 here. The flow chart of Fig. 11 differs fromthat of Fig.
8 in that step 144 of Fig. 8 is replaced by steps 164 and 166 in H§¥7yﬁt1M£
More specifically, in the drumwasher- drier in accordance with the second
enbodi nent, different 5 fromthe first enbodinent in which only one
rotation speed is selected as the prescribed rotation speed for the
process of step 144, a plurality of di¥¥erent rotation speeds are selected
as prescribed rotation speeds, and rotation of the drumis perforned
successively selecting 10 the rotation speed starting fromthe | owest
rotation speed to higher rotation speed. Exanples of the plurality of
prescribed rotation speeds may include 100, 130, and 160 rpm Referring to
Fig. 11, in step 164, the prescribed 15 rotation speed is set to the n-th
prescri bed heoteat | Gihe Sfdend.chisrte,of tFig. astudbffenat frpm theti af FabBue of n
is 1 and the maxi mumvalue of nis N. Wwen nis 1, the rotation speed is
the | owest B dmd 4% hetepnbéf af Fhgrelsés, repd acebabivors tapsed deddites
hi gher, and hi ghest 20 rotation speed is reached when n=N. However, any
rotation dfdedd W n=11t o Herie spacictiel by belni Gher dEHBNYRRBSTCri ti cal
rotation speed but |ower than the resonance rotation speed caused by
resilient SUPSoTtin |3cceEPpanead, wikhekhar GREPIHs epbodiagnitar dd TR &OY ped
25 tinme period at n-th prescribed rotation_s%eed, it is )
5 from the first embodiment in which only one rotation speed
is selected as the prescribed rotation speed for the
process of step 144, a plurality of different rotation
speeds are selected as prescribed rotation speeds, and
rotation of the drum is performed successively selecting
10 the rotation speed starting from the lowest rotation speed
to higher rotation speed. Examples of the plurality of
prescribed rotation speeds may include 100, 130, and 160
rpm.
Referring to Fig. 11, in step 164, the prescribed
15 rotation speed is set to the n-th prescribed rotation
speed. Here, it is assumed that the initial value of n is
1 and the maximum value of n is N. When n is 1, the
rotation speed is the lowest, and as the number n
increases, the rotation speed becomes higher, and highest
20 rotation speed is reached when n=N. However, any rotation
speed from n=1 to N is selected to be higher than the
critical xotation speed but lower than the resonance
rotation speed caused by resilient support.

In step 164, after drum 1 is rotated for a prescribed

25 time period at n-th prescribed rotation speed, it is



2 7J UL 2004 40 determ ned whether n equals to the maxi mumvalue N. If n

is not equal to the maximumvalue N, | is added to n and the proces$7ofyi 2004
step 164 is repeated. If n equals to maxi mumvalue N, the flow proceeds to
step 146, and 5 simlar processes as in the first enbodinment follows. In

this manner, as the drum1l is operated with the rotation speed increased
gradually fromlower to higher rotati®h speeds, fluid in fluid bal ancer 32
is distributed smpoothly to a ring shape. Therefore, by the tine 10
prescribed rotation speed with n=Nis reached, fluid balancer 32 is ready
to fully exhibit its function, and even at a rotation speed |ower than the
resonance rotation speed, vibration of water tank 3 can be suppressed. In
the second enbodi ment al so, by providing vibration sensor, 15 high speed
rotati on najetrersimededhethygrwheaqubbsatborhef masdeim tailloe3 Mt af n
prescribed rotation speed (n-N) is smaller than a predeterm ned prescribed
val ue. By siEmotpedqail ono vhbratkonuafl vaduer N,ank i3 eakidae tauppraasised not
only at the resonance rotation speed but also at a high 20 speed rotation,
as in the fihstpenbess efitstepThéddiEnbegeatert]). Thé draquadshep-drier in
accordance with the third enbodinment of the present invention wll be
descri bed waimuefeabneeNt otkegfld®. pFheekdenttoviséwpofl 4tbhe agvdum washer 25
drier is the same as that of Fig. 2 of the first

5 similar processes as in the first embodiment follows.

In this manner, as the drum 1 is operated with the
rotation speed increased gradually from lower to higher
rotation speeds, fluid in fluid balancer 32 is distributed
smoothly to a ring shape. Therefore, by the time

10 prescribed rotation speed with n=N is reached, fluid
balancer 32 is ready to fully exhibit its function, and
even at a rotation speed lower than the resonance rotation
speed, vibration of water tank 3 can be suppressed. In the
second embodiment alsoc, by providing vibration sensor,

15 high speed rotation may be started only when vibration of
water tank 3 at a prescribed rotation speed (n=N) is
smaller than a predetermined prescribed value. By such
operation, vibration of water tank 3 can be suppressed not
only at the resonance rotation speed but also at a high

20 speed rotation, as in the first embodiment.

[Third Embodiment ]

The drum washer-drier in accordance with the third
embodiment of the present invention will be described with

reference to Fig. 12. The front view of the drum washer-

25 drier is the same as that of Fig. 2 of the first



2 7 JUL 2004 41 enbodinent. In Fig. 12, various conponents for drying and
vibration sensor 80 are onitted for sinplicity. The drum washer-drier 4hJUL 200
accordance with the third enbodinment is characterized in that in
suspending the rods 5 10, in addition to the prescribed angl e of
incarnation O in left and right directions of suspending rod 10, there is
a prescribed angle of rotation a in th€lfront end rear directions of
suspending rod 10 for attachnment, as shown in Fig. 5. Nanely, suspending
rods 10 are attached 10 inclined both in the left and right and front end
rear directions of the washing machine. Therefore, the space in the front
and rear directions of the support receiving portion 13 is selected to be
smal ler than the distance in front end rear directions of support
recei vi ng porhodimesd. 15 Bdopptld hivapbous, composenuest five dirytihg washi ng
machine in accordance with the third enbodiment is the same as that of
the first enigotitern sgmeeefdbeardecniksedhdoeofs implictityr-epeated. In the
washi ng machine in accordance with the third 20 enbodinment, the water tank
is resiliently stUppoiren wysheusgeiherngnr agcogdamg ec ippheddicortsipd ng 12 in
every direction, that is, left, right, front end rear. Therefore,
vi bration ¢mhabingnteris sphasa¢teragadednt Kaptmich suapendiing tihfe rads i s
not necessary to set spring constant of 25 conpression spring 12 at a high
val ueS Ther orig aditeigy to the prescribed angle of incarnation 6
in left and right directions of suspending rod 10, there
is a prescribed angle of rotation o in the front end rear
directions of suspending rod 10 for attachment, as shown
in Fig. 5. Namely, suspending rods 10 are attached
10 inclined both in the left and right and front end rear
directions of the washing machine. Therefore, the space in
the front and rear directions of the support receiving
portion 13 is selected to be smaller than the distance in
front end rear directions of support receiving portions 84.
15 Except this point, the structure of the washing machine in
accordance with the third embodiment 1s the same as that
of the first embodiment. Therefore, details thereof is not
repeated.
In the washing machine in accordance with the third
20 embodiment, the water tank is resiliently supported by
suspending rod 10 and compression spring 12 in every
direction, that is, left, right, front end rear. Therefore,
vibration of the watexr tank 3 is reduced that much. At

this time, it is not necessary to set spring constant of

25 compression spring 12 at a high value. Therefore, there is



27 J UL 7004 42 not a possibility that nmuch vibration is transmtted.
(Fourth Enbodinent] Fig. 13 is a front view of a drum washer-drier inZ?7 jyl 2004
accordance with a fourth enbodi ment of the present 5 invention. In the
washi ng machi ne in accordance with the fourth enbodi nent, support
receiving portions 13 are attached at two portions on each of the left and
right sides of the front side and rea42side (not shown) of the water

tank. Except this point, the washing machine of Fig. 10 13 is simlar to

t he washing machine of the first enbodinment. Therefore, detailed
description is not repeated. In Fig. 13, sone of the conponents are not
showmn for sinplicity. In the drumwasher-drier in accordance with the 15
fourth enbodinment, as is apparent fromthe conparison between Figs. 13 and
2, the di nemst om pbssbpiboxyothatt euchark bdaiti drhe d afraradch 14 it
directions can be made smaller. Meanwhile, the effect of reducing
vibration is nofFafifehtEddbatiifnbns jtine. Therefore, in accordance with 20

t he washi ng machi ne of the fourth enbodi ment, the washing machine as a
whol e can be madeéigonpaciswhi feomhi mtiawniodga tirene fWfasdte rofdiriedtcied
vibration. This facilitates installation of the washing machine in a

syst em ki t cdegRprddnee ewahbpl 8. £06rERi £mboBimeditmerft the present

5 invention. In the washing machine in accordance with the
fourth embodiment, support receiving portions 13 are
attached at two portions on each of the left and right
sides of the front side and rear side (not shown) of the
water tank. Except this point, the washing machine of Figqg.

10 13 is similar to the washing machine of the first
embodiment. Therefore, detailed description is not
repeated. In Fig. 13, some of the components are not shown
for simplicity.

In the drum washer-drier in accordance with the

15 fourth embodiment, as is apparent from the comparison
between Figs. 13 and 2, the dimension of the box of outer
tank 9 in the left and right directions can be made
smaller. Meanwhile, the effect of reducing vibration is
not affected at this time. Therefore, in accordance with

20 the washing machine of the fourth embodiment, the washing
machine as a whole can be made compact while maintaining
the effect of reduced vibration. This facilitates
installation of the washing machine in a system kitchen,
for example.

25 [Fifth Embodiment}



2 7J UL 2004 43 Fig. 14 shows a structure near the support receiving

portion 13 of the drum washer-drier in accordance with the fifth 77
enbodi ment. Qther portions of the washing machine in accordance with the

fifth enbodi ment are the same as the 5 correspondi ng portions of the
washi ng machine in accordance with the first enbodinment. Referring to Fig.

14,

in the washing machine in

accordagge with the fifth enbodi nent, in

JUL 2004

pl ace of danper 15 shown in Fig. 4, a danper 110 is provided which has an

10 openi ng through which suspending rod 10 is inserted, and generating
sliding resistance between the outer peripheral

surface of suspending rod

10 and the inner peripheral surface of the opening. The danper -110 al so
provi des the sane effect as the first enbodinent. 15 Both in the first and

fifth enbodinent;igda e%%ow%e%e%%EMQQ#¥é‘#é&%féﬁa gn&égé§Uﬂ@% or

bet ween t he outer

t he

However,

option. For;exanpl

out er

S

pefi'pheral” edge o he spring recerving portion

u;gcg{gfggggb sy fage d%msuf%.@mqi_%%reqd 10 havse heen Hesrrdhed.

resistance is not the only

boRifAMRET obLEL ZhPYi ¥heCoYS theskakansg Ahchihkuiidh or

er “generating sliding

an air danper ut|$|2|ng tenporarily repulsion of air may be used. [Sixth
Ebodi ment | o JhG, dLHELVRSRA! <3l @ ich BEERIIARGR Wild) theisthie 25 @bodi ment
i be e .

Wil |

be descr

)

10

15

20

25

wth reference to Fig.
corresponding portions of the washing machine in

accordance with the first embodiment.

Referring to Fig. 14, in the washing machine in
accordance with the fifth embodiment, in place of damper
15 shown in Fig. 4, a damper 110 is provided which has an
opening through which suspending rod 10 is inserted, and
generating sliding resistance between the outer peripheral
surface of suspending rod 10 and the inner peripheral
surface of the opening. The damper - 110 also provides the
same effect as the first embodiment.

Both in the first and fifth embodiments, dampers
generating sliding resistance by sliding between the outer
peripheral edge of the spring receiving portion 11 or the
outer peripheral surface of suspending rod 10 have been
described. However, such a damper generating sliding
resistance is not the only option. For example, a damper
utilizing viscous resistance of a fluid, or an air damper
utilizing temporarily repulsion of air may be used.

(Sixth Embodiment]}

The drum washer-drier in accordance with a sixth

embodiment will be described with reference to Fig. 15.



2 7 JUL 2004 44 The drum washer-drier is characterized by its drum
Referring to Fig. 15, drum 301 of the drum washer-drier in accordanc?7wm1qm4
the sixth enbodi ment formed of metal includes a drum body 301b having a
nunber of small holes 5 302 forned on its outer periphery, a drum bottom
301a on which a horizontal rotary axis 4, is fixed and lid 301c having an
opening 350, and it is characterized i¥dthat a groove 355 is fornmed
parallel to the rotary axis 4, along rotary axis 4 at drum bottom 301a,
and that fluid balancer 10 332 is fitted in and fixed by the groove 355.
Drum 301 is rotatably supported at one end on the surface of drum bottom
30l1a by rotary axis 4. Therefore, the further the center of gravity of
rotation fromthe drum bottom 30la, the larger the nonment on rotary axis 4
caused by fihe dirkim bedsiner+dB882roisdechar80terheeduby dftseccam.ricity of the
center of gravity of the drum However, as the fluid balancer 332 is fixed
on drum botRedfre30ilag theF ignehd, canumbdOiadé thel Henm Washefrords,iar Wmati on
of drum 301 and hence vibration of water tank 3 can be reduced. 20

[ Sevent h Edssdindange Reithrthy sbxFhgembedimpatdignmaas Rér M@tiadr i n
accordance with the seventh enbodinent is characterized by _the method of
fixing fluildddaidafcer dBgmobody udd ik, hanipgga nugbeyg, oh 58@y 4GP4eEnd drum

lid 401c correspond to drum 25 body Ib_and drumlid 1c¢c of th% first
embodidment XovieEmed on its outer periphery, a drum bottom 30la on

which a horizontal rotary axis 4, is fixed and lid 30lc
having an opening 350, and it is characterized in that a
groove 355 is formed parallel to the rotary axis 4, along
rotary axis 4 at drum bottom 30la, and that fluid balancer

10 332 is fitted in and fixed by the groove 355. Drum 301 is
rotatably supported at one end on the surface of drum
bottom 30la by rotary axis 4. Therefore, the further the
center of gravity of rotation from the drum bottom 301a,
the larger the moment on rotary axis 4 caused by fluid

15 balancer 332 or drum 301, because of eccentricity of the
center of gravity of the drum. However, as the fluid
balancer 332 is fixed on drum bottom 30la, the moment can
be made smaller. Therefore, vibration of drum 301 and
hence vibration of water tank 3 can be reduced.

20 {Seventh Embodiment]

Referring to Fig. 16, the drum washer-drier in
accordance with the seventh embodiment is characterized by
the method of fixing fluid balancer 432 on drum 41. 1In Fig.
16, drum body 40la and drum lid 40lc correspond to drum

25 body 1b and drum lid lc of the first embodiment shown in



2 7 JUL 2004 45 Fig. 3. Further, on the outer peripheral surface of drum
a groove 451 is forned along the central axis of drun1401,2qn
as in the first enbodi nent.

lid 401c,

fluid balancer 432 is fitted in groove 451,

The drum washer-drier in accordance with the seventh enbodinent is

characterized by the following. On the outer wall of groove 451 fornmed on
drumlid 401c, a plurality of rectangdbar holes 461 are fornmed. On the
outer periphery of fluid balancer 432, convex portions 462 are forned, 10

corresponding to the plurality of rectangular holes 461. Wen fluid

bal ancer 432 is fit

of fluid bal ancer 432 in the axial

I n groove 451, the plurality of convex portions 462
are fitted in the corresponding rectangular holes 461. Therefore, nobvenent
direction of drum 401 15 is regulated,
and fluid baiancédr 4B2rikef| xed bhedounr40periphiesadt suctfiare kefs duref f ect
that fluid balancer 432 can be fixed by quite sinple a structure. (E ghth

2004

Enbodi nent )1 Réf éPicngat gréioge 351 tilse flogatad e lofng thaimewshel -a20s defer in
accordance with an ei ghth enbodi nent of the present invention will be

descri bed. dhim $Bdhi Agdmidhiide bailanclear dctZerisz ofdl thed hien nerdde 045k i xi ng

fluid balancer 502 on drum 501. Drum 501, drum body 501b, drumlid 501c

and groove ®i1iBhbhf EarBtgembpdddendspond to drum 1, drum 25 body | b, drum
lid 1%5and groove 51 of the first enbodi nent

10

15

20

25

The drum washer-drier in accordance with the seventh
embodiment is characterized by the following. On the outer
wall of groove 451 formed on drum lid 40lc, a plurality of
rectangular holes 461 are formed. On the cuter periphery
of fluid balancer 432, convex portions 462 are formed,
corresponding to the plurality of rectangular holes 461.
When fluid balancer 432 is fit in groove 451, the
plurality of convex portions 462 are fitted in the
corresponding rectangular holes 461. Therefore, movement
of fluid balancer 432 in the axial direction of drum 401
is regulated, and fluid balancer 432 is fixed on drum 401.
This structure has an effect that fluid balancer 432 can
be fixed by quite simple a structure.

[Eighth Embodiment]

Referring to Fig. 17, the feature of a drum washer-
drier in accordance with an eighth embodiment of the
present invention will be described. This washing machine
is characterized by the method of fixing fluid balancer
502 on drum 501. Drum 501, drum body 501b, drum lid 50lc
and groove 511 shown in Fig. 17 correspond to drum 1, drum

body 1b, drum lid lc and groove 51 of the first embodiment



27 J UL 2004 46 shown in Fig. 3. In this washing nmachine, ribs 571 are
formed on a peripheral surface of fluid balancer 502, and further a?lfogi 200
572 is forned at the bottom surface. Height of the rib 571 is sel ected
such that when fluid balancer 5 502 is inserted in groove 551, fluid

bal ancer 502 is fixed stably. Referring to Fig. 17, by fixing fluid

bal ancer 502 on drum 501 by rib 571 oftéboss 572, the area of contact

bet ween fluid bal ancer 502 and drum 501 becones very small. 10 At ot her
portions, there is formed an air |ayer between drum 501 and fluid bal ancer
502. Therefore, fluid transmtted fromdrum501 to fluid balancer 502 as a
whol e can be reduced. Therefore, possibility of thermal defornation of
fluid bal ancer 502 can be reduced. 15 (Ninth Enbodinent) Fig. 18 is a
perspecti veshpwew ah &igr.ud.601ni hhihewaghimowasiedritdr,i eriba Hkcamance with
the ninth enbodi nrent of the present invention. The drum 601 may be used
conbi ned wi tarasyd onh Eheedripharadhaurfdas ©f nf hebdrbahzecen GPEh ahd first
to eighth enbodi ments above. Referring to Fig. 18, drum 601 has a nunber of
smal | hol ebupthper @abosid S72ai¢ fiarmehata avtomvswgt ace i ndie isiped
is fixed on the drumlid portion. On a surface of fluid balancer 632

opposi te t o®fhEhar EdP6GY 1 dspisgl&Gtad BT thass wen hblv kg PeiaRreRHht
al ong the axial _direction of . . .
5 502 is inserted in groove 551, fluid balancer 502 is fixed
stably.

Referring to Fig. 17, by fixing fluid balancer 502 on
drum 501 by rib 571 or boss 572, the area of contact
between fluid balancer 502 and drum 501 becomes very small.

10 At other portions, there is formed an air layer between
drum 501 and fluid balancer 502. Therefore, fluid
transmitted from drum 501 to fluid balancer 502 as a whole
can be reduced. Therefore, possibility of thermal
deformation of fluid balancer 502 can be reduced.

15 [Ninth Embodiment]

Fig. 18 is a perspective view of a drum 601 in the
drum washer-drier in accordance with the ninth embodiment
of the present invention. The drum 601 may be used
combined with any of the drum washer-driers in accordance

20 with the first to eighth embodiments above.

Referring to Fig. 18, drum 601 has a number of small
holes 2 therearound, and fluid balancer 632 having a ring-
shaped is fixed on the drum lid portion. On a surface of

fluid balancer 632 opposite to the drum 601, a plurality

25 of ribs 670 having its height along the axial direction of



27 JUL2004 47 drum 601, its wdth along the radial direction and thic
al ong the peripheral direction are forned. By rotating drum 601 duri?
dryi ng and dehydrating steps described above, ribs 670 provide a fan.

this fan,

air 5 around fluid balancer 632 is stirred, so that fluid

bal ancer 632 is cooled. By this cooling, deformation of fluid balance
can be prevented and vibration of drunm?71 and water tank 3 during drying

and dehydration can be prevented. 10 Although the present invention h
been described and illustrated in detail, it is clearly understood th
the sanme is by way of illustration and exanple only and is not to be

taken by way of limtation, the spirit and scope of the present inven
being limted only by the terns of 15 the appended clainms. 2 7 JUL 20
VHAT | S CLAINGED 6@&1, 1it4 didhhwadbeg- theeraddedpdigiend:icn washi ng and
drying drumrotating about an approximtely horizontal axis; a water
encl osi ng sdiikness ahooatthet pakipbsirbilediirgcsupportend oyaiad waBer t ank

t her ei n;

10

15

and a nmotor for rotating said drum wherein

rotating drum 601 during the drying and dehydrating steps
described above, ribs 670 provide a fan. By this fan, air
around fluid balancer 632 is stirred, so that fluid
balancer 632 is cooled. By this cooling, deformation of
fluid balancer 632 can be prevented and vibration of drum
1 and water tank 3 during drying and dehydration can be
prevented.

Although the present invention has been described and
illustrated in detail, it is clearly understood that the
same is by way of illustration and example only and is not
to be taken by way of limitation, the spirit and scope of
the present invention being limited only by the terms of

the appended claims.
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said water tank has a cylindrical shape wth an opening fornmed at front
portion; said outer tank includes an outer box having a door with an
opening in attached cl osable thereon, said door allowing laundry to %@JULZM&
pl aced in the washier-drier, a pluraliéy of |l oad receiving portions

provi ded on an upper surface of said 4Gt er box and, a plurality of
suspendi ng rods suspendi ng downward from said |oad receiving portions
respectively, each having a spring receiving portion at a | ower end; said
wat er (WHHAE iT$cIQTPedMED pISivral ity of support receiving portions fornmed bel ow
said plurality of | oad receiving portions respectively, each having an
openi ng through which a tip end of correspondi ng one of said suspending
rod penetraties; saidk@ntwdshankdf it hefompel sideg: a conpressi on spring

provi ded between each said support receiving portion and said sprin

recei ving pdr tiashindhrang A whi e hdsen dr tahiidi #e o PR saw%%%%ﬂ?e]abg danper

provid f sald. support receiving portion and said suspending rod,
and a 3%H§§¥%§%£Héﬁ%€%1y connected to said water tank. 2 7 JUL 2004 49 2.

The drum washerzttht efamicconcinging € adnddum; wherein said support receiving
portions ar eanarcruatnegrEdtgrEkareéiei/iel:‘nplo;t shtggggrrt:{r?gnsatfg \.Lae%/ear i?;:m}?al d axis.
therein; and

a motor for rotating said drum; wherein
said water tank has a cylindrical shape with an opening formed
at front portion;

said outer tank includes an outer box having a door with an
opening in attached closable thereon, said door allowing laundry
to be placed in the washier-drier,

a plurality of load receiving portions provided on an upper
surface of said outer box and,

a plurality of suspending rods suspending downward from
said load receiving portions respectively, each having a spring
receiving portion at a lower end;

said water tank includes a plurality of support receiving
portions formed below said plurality of load receiving portions
respectively, each having an opening through which a tip end of
corresponding one of said suspending rod penetrates;

said outer tank further includes

a compression spring provided between each said support
receiving portion and said spring receiving portion, through
which said suspending rod is inserted,

a damper provided between said support receiving portion
and said suspending rod, and

a sensor operatively connected to said water tank.



3. The drum washer-drier according to claim?2, wherein said support
receiving portions are arranged such axis distances between said sd@pgult 2004
receiving portions and a vertical plane including the center axis of said
axis are shorter than distances between the vertical plane and said
plurality of |load receiving portions, whereby said rods incline outward.

4. The drumdrier-washer according to gbaim3, wherein said plurality of
support receiving portions include a plurality of support receiving
portions arranged at 2 7 JUL 20D4 50 5 | east along a prescribed axis
parallel to said axis, the plurality of support receiving portions arranged
al ong said prescribed axis are provided with a smaller distance

t her ebetween than di stance between corresponding |oad receiving portions,
so that said rods penetrating 10 through the plurality of support receiving
portions arranged along said prescribed axis are inclined in a direction
of said prescribed axis. 5. The drum washer-drier according to claim 2,
wherein said plurality of support receiving portions include a plurality
of support receiving portions arranged at 5 | east along a prescribed axis
parallel to said axis,

2. The drum washer-drier according to claim 1,
wherein
said support receiving portions are arranged at a

level not higher than the level of said axis.

3. The drum washer-drier according to claim 2,
wherein

said support receiving portions are arranged such
axis distances between said suppoxt xeceiving portions and
a vertical plane including the center axis of said axis
are shorter than distances between the vertical plane and
said plurality of load receiving portions, whereby said

rods incline outward.

4. The drum drier-washer according to claim 3,
wherein
said plurality of support receiving portions include

a plurality of support receiving portions arranged at



the plurality of support receiving portions arranged along said prescribed
axis are provided with a smaller distance therebetween than distancg7JUL2m4
bet ween corresponding |oad receiving portions, so that rods penetrating
through 10 the plurality of support receiving portions arranged along said
prescribed axis are inclined in a direction of said prescribed axis. 6.
The drum washer-drier according to clabth 1, wherein said support receiving
portions are arranged closer 7 7 JUl 1004 51 to said axis than said
plurality of load receiving 5 portions, whereby said rods incline outward.
7. The drum washer-drier according to claim6, wherein said plurality of
support receiving portions include a plurality of support receiving
portions arranged at 5 | east along a prescribed axis parallel to said axis,
the plaral it82<f alppdra peesrvihgdpd¥ifoRaraddgdgéd® SAiGhg*<&d prescri bed
axis are provided with a snmaller distance therebetween than distance

bet ween corr espdit el urahity eéi $RRBOPbr FPERI V1SS PRAT o Faddded i ng
through 10 the plurality of support receiving portions. arran along said
prescri bed 35aN9 219 RTEHEHI Pedaf tif hA5e dPFBULREH SR Ered FTHET: | bod

xis. 8. Th rum her-drjer rdi | aim_1 :
axis. 8 éié%é%cgwghgéeﬁgtSéegcggag Qgsggngeabetwben corresponding

load receiving portions, so that said rods penetrating
10 through the plurality of support receiving portions
arranged along said prescribed axis are inclined in a

direction of said prescribed axis.

5. The drum washer-drier according fo claim 2,
wherein
said plurality of support receiving portions include
a plurality of support receiving portions arranged at
5 least along a prescribed axis parallel to said axis,
the plurality of support receiving portions arranged
along said prescribed axis are provided with a smaller
distance therebetween than distance between corresponding
load receiving portions, so that rods penetrating through
10 the plurality of support receiving portions arranged along
said prescribed axis are inclined in a direction of said

prescribed axis.

6. The drum washer-drier according to claim 1,

wherein

said support receiving portions are arranged closer



wherein said plurality of support receiving portions include a plurality

of support receiving portions arranged 5 at | east along a prescribed @afig)| 7004
parallel to said axis, the plurality of support receiving portions

arranged along said prescribed axis are provided with a snmaller distance

t here between than distance between corresponding |oad receiving

portions, so that rods penetrating thrbdgh 2 7 Jul 1004 52 the plurality of
support receiving portions arranged along said prescribed axis are

inclined toward in a direction of said prescribed axis. 9. The drum
washer-drier according to claim1, wherein each of said plurality of rods
has a rod receptacle at its upper end, said outer tank has a plurality of

openi ngs through which said rods are inserted, fornmed at positions
correspondi #§ £6iSairdiHddaeaid R WA 11 bhsobf 1oAe HPGRLVIBArface of said

outer hox, said. load receiving portiops jnclude |oad receiving nenbers
each h vingPSthﬁQﬁPnﬁgﬁWQHﬁﬁ?%a#(ﬁPééu{P?%ﬂn?souFﬁgé ted and arranged at
sai d opening position on the wupper surface of said outer tank for

supporting frombelow said rod receptacle of the rod inserted through said

opening, and 7. The drum washer-drier according to claim 6,

wherein
said plurality of support receiving portions include
a plurality of support receiving portions arranged at
5 least along a prescribed axis parallel to said axis,
the plurality of support receiving portions arranged
along said prescribed axis are provided with a smaller
distance therebetween than distance between corresponding
load receiving portions, so that rods penetrating through
10 the plurality of support receiving porticns arranged along
said prescribed axis are inclined toward in a direction of

said prescribed axis.

8. The drum washer-drier according to claim 1,
wherein
said plurality of support receiving portions
include a plurality of support receiving portions arranged
5 at least along a prescribed axis parallel to said axis,
the plurality of support receiving portions arranged
along said prescribed axis are provided with a smaller
distance therebetween than distance between corresponding

load receiving portions, so that rods penetrating through



a vibration absorber arranged between said |oad receiving nenber anﬁzihe
upper surface of said outer tank and having an openi ng through whic A0k 2004
rod is inserted. 10. The drum washer-drier according to claimb5, wherein
said | oad receiving portion includes portions formed of |ow rebound

rubber. 2 7 JUL 2004 53 11. The drum washer-drier according to claim1,
wherein said plurality of support recesying portions are arranged on a

front surface and a rear surface of said water tank

the plurality of support receiving portions arranged along
said prescribed axis are inclined toward in a direction of

said prescribed axis.

9. The drum washer-drier accorxding to claim 1,
wherein

each of said plurality of rods has a rod receptacle
at its ﬁpper end,

said outer tank has a plurality of openings through
which said rods are inserted, formed at positions
corresponding to said load receiving portions of the upper
surface of said outer box,

said load receiving portions include load receiving
members each having an opening through which said rod is
inserted and arranged at said opening position on the

" upper surface of said outer tank for supporting from below

said rod receptacle of the rod inserted through said
opening, and

a vibration absorber arranged between said load
receiving member and the upper surface of said outer tank

and having an opening through which said rod is inserted.

10. The drum washer-drier according to claim 5, wherein
said load receiving portion includes portions formed of low

rehound rubber.
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11. The drum washer-drier according to claim 1,

wherein
said plurality of support receiving portions are

arranged on a front surface and a rear surface of said

water tank.



