1 TITLE OF THE | NVENTI ON Drum Washer-Drier which Reduces Vibration to Fl oor
and Qperating Method Thereof BACKGROUND OF THE I NVENTION 5 Field of the
| nvention The present invention relates to an apparatus for dehydrating
and drying by rotating a drum about an approxinmately horizontal rotary
axis such as a drumdrier or a drumwasher-drier. Mre specifically, the
present 10 invention relates to a nethad and nechani sm for reducing
vibration of the drumdrier or the drum washer. Description of the
Background Art A drum washer-drier perform ng 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
wat er tank, and functions from washing, rinsing, dehydration to drying can
be perfornetdiThy OheTHENGN®EMTUMN Structure of a conventional drum
washer-drier will be 20 described in the following. Figs. 19 and 20 show a
first exanple obrtheWpsher-arterRedhdrh mepdurdd geibAddc aowl 20, Flobe
conventional drum washer-drier includes a drum 171 having a nunber of
smal | hol esadf @peraténygi Mgthnd Thetrabifng | aundry, and a water tank 3
enclosing drum 171. 25 At the central portion of water tank 3, a horizontal
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 washex-
15 drier has such a structure in that the drum 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 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 drumpulley 5 is
fixed. Adriving notor 6 is attached to the | ower surface of water tank 3,
and a nmotor 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 9. Water tank 3 i resiliently supported in outer
tank 9 by neans of a plurality of tension springs 30 suspended from an
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 Iomer portion
t hereof and an inner bottom of external box of outer tank 9. Vibration of
water tank 3 is attenuated by tension spring 30 and danper 31. 15 A f|UId
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cl osed, the Insi mater comes to e wat er tlght because of
the dogr pulley 7 provided on the rotary axis of driving motor 6 1is

operatively coupled to drum pulley 5 by means of a belt 8.
Water tank 3 is held in an outexr 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, water
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 dampexr 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 surxface 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



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 as a whole on the
floor. At a lower portion of water tank 3, a drain valve 19 for draining
water at the 5 tinme 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 duct 241, and a3 heat exchanger for 215 for renoving
noi sture 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 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 tunbling, which will be described |later. 15 Another exanple of a
convent i onglaak img washerAtdrtitey batstghosmr fac&i gf 2iteknatthibox iofurgter
portions corresponding to those of Figs. 19 and 20 are denoted by the
sanme ref er erfgek charteeee sardhasel hagéisynolfad egsudét ifers . s UHRIEE b @,
detail ed description thereof will 20 not be repeated. In the exanple shown
in Fig. 21thfatershemkas 2 swhebei pherbpyfdepport BH anlewer ®R&t i96r Cifon of
outer tank 9 Dby neans_of a plurality of antivibration | egs 31 each
i ncl udi ng AFaEEFriedk ohr sHrifgiandg2 &vausfed OTAREANEIG IS5 gt i s
fixed on the |l ower portion of water tank 3 and )
5 time of dehydration is provided. Further, thexe 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 watex 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. In 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 rxepeated.
In the example shown in Fig. 21, water tank 3 is
resiliently supported 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 watexr tank 3 and



4 on the bottom surface of the box of outer tank 9, with antivibration
rubber 34 interposed. These conventional drum washer-driers operate in the
following manner. 5 In the step of washing, laundry and water are put in
drum 171, and drum 171 is rotated at a | ow speed by driving notor 6.
Laundry in drum171 is lift 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 "tunbling"), and washing is performed by the nechani cal
force thereof. In the step of dehydration, first, water is 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 fromdrum 171

t hrough smabh hhkebo2tomAlsuidfaicet iote tleetas e Pfobt&s 0&nkhe, | aurdry in
drum 171, vibrating body including drum 171, driving notor 6 and water
tank 3 vi branesyihndtieduetbberoflst Hinkedgosaidon is 20 a problem In the
washer having fluid bal ancer 122 such as shown in Figs. 19 to 21, fluid
bal ancer 122 funthesascinvetitd ohalll awung waesner-dA ¢r £sepeébeteaimunheof
fluid is sealed in fluid balancer 122. Wen the nunber of rotation of
drum 171 exteklswangemanarce rotation nunber, the fluid 25 i medi 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 lift up by a
baffle 21 by the rotation of drum 171 and falls by the
welght of itself (hereinafter, this operation will be

i0 referred to as “"tumbling"), and washing is performed by
the mechanical foxce thereof.

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

i5 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 wvibration is

20 a problem. 1In 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 17]1 exceeds a resonance rotation number, the fluid

25 immediately moves to the other side of the biased portion



5 causing i nbal ance, adjusting bal ance. Thus vibration at the tine of
dehydrati on caused by inbal ance of |aundry can be prevented. For washers
whi ch do not have fluid balancer, a 5 weight nay be provided on water tank
3, as already nentioned. The wei ght reduces vibration of the vibrating
body caused by bias of the |aundry. However, the weight is of considerable
wei ght, e.g. about 16 kg. Consequently,5 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 becones troublesone. Further, depending on the structure
of houses, 15 it may be necessary to reinforce the floor so that it can
w t hst and tdeusehghimbhlbheedr adjvaslier- drailenmct. t Mausi we breft darstat | at i on
This is the reason why attenuation of vibration. using fluid bal ancer has
been adopt ethest fme po &éf dehbleartasureus2d Ay fiobalwnct ept afawngryngsami r
heated by heater 214 is fed to drum 171 to drying air duct 241, while the
| aundry i s hainidedentedi.t he noi sture renoved by heat exchanger 215. In the
drum washer-drier shown in Figs. 19 and 20, 25 drum 171 rotates about
hori zontal rotar§oaxvssherfhehéfbrdo not have fluid balancer, 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. Consequently,
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 B0 kg), and
handling of the product during delivery becomes
troublesome. Further, depending on the structure of houses,
15 it may be necessary to reinforce the floor so that 1t 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,



6 sonetines, water tank 3 vibrates considerably because of bias of |aundry
in drum 171. The vibration of water tank 3 is transmtted to the body of
outer tank 9, that is, the washer as a whole, through tension springs 30.
The 5 magnitude of transmtted force at that time is in proportion to
spring constant of tension springs 30. In order to reduce vibration
transmtted to the washer as a hole, spring constant of tension spring 30
shoul d be nade smaller. However, spring constant of tension spring 30 has
10 the followng restriction. Wien water is held in water tank 3, water
tank 3 lowers 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 |owering of 15 water tank 3 is |imted because of the

di rensi on osomspénesi cabiter afnkhe priddidtes amxhs idearinby leacaedeacicertain
val ue. Therefore, spring constant of spring 30 cannot be set snmaller than
a prescribediaal gé becadsy o dche 117t . TAecwidiraglipn vithrtern tofminal er
tank 3 is 20 transmtted to the washer as a whole with considerable

vi bration t¥antnansmagtedr ¢e, tde body wfe iteor tadel$, Vhatates. tha the
wor st case, the house would eventually vibrate because of the vibration of
the washer ,w&alietrngs prvbPdss &hravigde t@Id ISR GTEEtidn FN& he user. 25

In the drum washer-drier shown in Fig. 21, water tank
magnitude of transmitted orce 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 water tank 3, water tank 3
lowers against tensile force of tension spring 30. The
amount of lowering is in inverse proportion to ;he spring
cénstant 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 1is

20 transmitted to the washer as a whole with considerable
vibration transmitting force, so that the floor itself
vibrates. Iﬁ 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




7 3is not lift by tension spring. Therefore, there is not the limt

| nposed by the spring constant of tension spring. |In this type of washer,
the problemis spring constant of antivibration rubber 34. In the exanple
shown in Fig. 21, 5 when the spring constant of antivibration rubber 34 is
reduced to sone extent, transm ssion of vibration of water tank 3 to outer
tank 9 can be reduced. However, the sprfing constant of antivibration
rubber 34 has the following restriction. 10 In the exanple shown in Fig.
21, when vibration is caused by bias of laundry, water tank 3 vibrates not
only in the upper and | ower directions but also left and right as well as
front and rear directions. Antivibration rubber 34 prevents all these

vibrationsz Kewepar,lift thatt&aseon 16pk 0ad. nothenkgora, t hrecomesessing
direction but also in the shearing direction are inposed on antivibration

rubber 34. thkn lander ipdyaveny bheakpgengf cansiceinlir atfi wenstilsne s 84 rigy
shear | oad, the hardness of antivibration rubber 34 should be extrenely
hi gh. However thild syperensesslserj ngheopsohhem 26 spramg wiomsatEandn afubber
34. This results in nuch transm ssion force of vibration to the floor.
Japanese Panhertv ilbes tnigsrOperbider  56- 1586 %herepospbe asheehuinohief £he
probl em of the prior art shown in Figs. 19 and 20. Qutline of the
di scl Bsur ewhfn) apeneger Pat emeng6anhyd igatpeniNoatien138692Ln S4sHEW in Fig.
22. Referring
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.
10 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,
i5 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 sprxing constant
20 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

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




8 to Fig. 22, the washer-drier includes a plurality of rods 704 suspended
froma |l ower portion of an upper surface of outer tank 9 and 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 with suspended fitting
706 and havi ng an opening through which the ower end of the rod 704 is
slidably inserted; and a conpression <$pring 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 formed at the
| ower port iton Fdfg -t 192 upper wasinéamedr bér ounetudanakaoplpmagiigy 24 regdse
portions as 15 those shown in Figs. 19 and 20 are denoted by the sane
ref erence d0dr actsgrendeFhef famcs | bersear porheosafE. anTHEPEF0SET I@sRalited
description thereof is not repeated here. As shown in Fig. 22, in this
exanpl e, wangern &#nkd § nPraekiaehrgya stPPdPEedeBfiVed Y702 1d6fpr essi on
spring 708 and suspended fitting 706, and vibration is a t%n ate ?%B
further pradvi0diatg 2a lduigrert 31 eRda # oheFPPpRFingniibEdPged© sﬁﬁxr? . In
this structure, when the water fed.to mateﬁ tankd3 Lnﬁreases, o npr essi on
spring 708¥Rsedorkdsshd 25 ek sl H9eT ahdli FIEhEAWHEED SYERERS®S certain
amount th%itting 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




9 spring attains fully conpressed state. At that tine, water tank 3 is
directly supported by rod 704 and suspended fitting 706, and it does not
go | ower than that-position, even when spring 708 has small spring
constant. 5 Accordingly, the spring constant of spring 708 can be nade
smaller than in the prior art exanples shown in Figs. 19 and 20. In such
an exanple, an isolated and i ndependent ., dunper-31 is provi ded between
water tank 3 and inner 10 bottom of outér 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 yLDLaL 91 JAADC P 8P OlmpIL0G LBarEDe £OVADL I OORL VBSDEL IS

as fol l ows. “Fh Pﬁé convent’i riéf having fluid balancer

122 such as sRoun id ;ﬁ—%scuég a &Pueanb%hﬁoétg@m nfl ¥bRgendagat ed air

is fed to mafe hrou ng alr duct 2 while " drum 171 is

rotated at :\ounspoqth, Shds éod&ecg/ ndPegbaydgey tRaAr URb17hosAk ibRI,S
ale fIU| %

tine, fluid Se al ancer 122 rotating about the hori zont a

axis is di ghehbubed i & pgl pncedmd 22 byr crpt ebhygahiforce when the
nunber of rotation exc ed% a prescrlbed nunber, 25 i nposing load in radi al
directon t@actbvigd RahANGale 1d#ring constant of spring 708 can be made
smaller than in the prior axt 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 floor through legs 20. Therefore,
sufficient reduction of vibration transmitted to the floox
cannot be realized.

15 Another problem related to vibration in the step of
drying in- the conventional washer is as follows. In 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 forée

when the number of rotation exceeds a prescribed numbex,

25 imposing load in radial direction to fluid balancer 122,




10 while it stay at a | ower portion when rotation speed is |ow, inposing

| oad on fluid balancer 122 in gravity direction. As is well known, fluid
bal ancer 122 is generally 5 forned of a synthetic resin. Change in
tenperature during the step of drying may soften the synthetic resin, and
it loses stiffness it has at the roomtenperature. In that case, it is
possible that fluid bal ancer 122 nmay b®0 deforned by the | oad caused by the
fluid therein, when 10 fluid bal ancer 122 rotates both at a high 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 balancer 122,
and a spacevhislprivishealy bet weehowbe pbuitdobaWaecercred idre spre®riperi phery
of the drumfor absorbing swell when fluid balancer 122 swells in the
radi al dir detw,onimpos ihat lopdessufduid hofl aapplri &2 dnt lexrastiteiv portion for
fixing. 20 ThIS prevents the screw from becom ng | oose. However, the
proposal o lJéﬁanéye Pat ent Layi ng- Open No. 4-332596 still has a probl em
to be solved. As is well_ known. eneral | the fluid bal ancer _js formed
of a synthetic A%®si,wahl Sne6n ogﬂahﬁupaﬁa%&f il % FrSrEMRE 25LY oi ni ng

and thernally we| di ng openi hgs, of twp annul a
formed of "a synthétic resin. Change 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 balancer 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




11 grooves. These two annul ar concave grooves have different thicknesses,
for exanple, they may have different rates of expansion. Anpunt of

def ormati on of concave grooves differ because of the different rates of
expansion, and therefore 5 there is a stress at the wel ded portion,
pronoti ng breakage of the fluid balancer. This problemis encountered not
only in the drumwasher-drier but alsolin a drumdrier. Wien 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 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 stage of
dehydr at i ongrddrees r esDnase et wot ahnohanunbecave grosetksd hdve diefg1antd in
fluid balancer still biased at a portion in the peripheral direction,
gener at i ng whioknedabbe fobr exiaowlat, tthey tiaw. havhed bf bprenttrasedi Pficul t
to sinply replace the weight by 20 a fluid bal ancer. Japanese Pate éﬁ

Layi ng- operewandiono4sAmeenposésdafosppitiiosn ot § afiay HrottVifs ichlf{] s
proposal, the fluid balancer is divided in radial direction, with_nutually
different ihgrRuseredl shpofifderenindatestis rRARM QN { hAN35tREEFECERAl ed

in each of the divided portion fron1beiQP ) .
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 nct 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 a fluid balancer.
Japanese Patent Laying-Open No. 4-240481 proposes a
solution to this problem. 1In 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 poxtion from being




12 biased at one portion in the peripheral direction, so that the
vi bration near resonance rotation nunber is suppressed. However, in the
t echni que di scl osed in Japanese Patent Layi ng-open No. 4-240488, for the
fluid in the 5 fluid balancer to be Iifted against gravity, quite high a
circulation resistance is necessary. This degrades bal ance adjustnent
function, which is the inherent functibpa 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 nbal ance when resonance rotation nunber is exceededl 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
rotati on speessofi &becdeupbihiexceeds heheparagirearncke d¢oted bonpuabethataki ng
much tinme in adjusting balance. As a result, considerable vibration is
gener at ed ne@e theraesonaneerr okabnemcee nydrat iISUMVARDEOF THES P RVERFT €X-
Therefore, an object of the present invention is to 20 suppress the
probl em caused byowebeati on shet hechindmguet digehyafied | bh drE2EP§FNg in a
drum washer-drier, and nore specifically, to provide_ a drun}magher drier
whi ch can RaveitelaBiyporeraseNgi- bAaliddd B8 arfaH tihhigt Fotde*Rotbfie f1 oor
generated by the vibration of the water tank, which 25 can prevent
vi bration oflei@d bpsapcerstpsbe lifted against gravity, guite igh 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
i0 opposite sides of the biased portion causing imbalance
when resonance rotation number is exceeded, for adjusting
balance. More specifically, if the inner cixculation
resistance is too high, the fluid in fluid balancer 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.




13 Anot her object of the present invention is to provide a drum

washer -drier which can significantly reduce vibration transmtting 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 Eresent i nvention is 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. transmitting force to the floor caused by vibration of
the water tank Zmdthervenievtbpit tdR BFSERE Y |igorentsel fis MR FHRY 19D ect
of the present invention is to provide a drumwasher-drier which can safely
prevent vibr adiwn washep-dnéedr W68 £@na siiomid IsAHNEErL e RS i nf | uence by
the change in tenperature. A still further object of the sent invention
isto proVW%h¥%¢t@%n¥ﬁﬁ§ﬁ@%tﬁﬁpérfPﬁCﬁhF@hWWﬁmf%ﬂP?Pﬁ??ﬁé)f#%n axi s can

be reduced by using a flujd bal ancer not %P I nfluence b .chagge ig
t enper at ur &7 1Rk By %gféb? water tank and to prevent vibratron of

5 the floor itself, by resiliently supporting the water tank
stably.

A still further object of the present invention 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




14 preventing vibration of the drum A still further object of the present
invention is to provide a nmethod of operation of a drum washer-drier by
whi ch vibration near resonance rotation nunber at the tinme 5 of dehydration
can be reduced. A still further object of the present invention is to
provi de a nethod of operating a drum washer-drier which can reduce

vi bration near resonance rotation nunbét at the tinme of dehydration and
vibration at the transition from 10 | ow speed rotation to a high speed
rotation at a prescribed nunber of rotation. A still further object of the
_present invention is to provide a nethod of operating a drumwasher-drier
whi ch can reduce drum vi bration near resonance rotation nunber 15 at the
time of dehydration, drumvibration at the transition froml| ow speed
rotation t@navfntsieed iloxation oht thepA&y®ri bed nunber of rotation, and
drumvibration at ,high speed of rotation during dehydration. The drum
washer-drier inZaccorbdanterWhen PRéeptesénthe20xESPatt ildH S HAUUES &°
washi ng and drying drumrotating around a? approxi mately horizontal axis,
a water tam¥ovdfls osiTRLRPRE Af UPeRAtHBPeP tén?rﬂ’&i‘ﬁa\&—’g}%ﬁ‘ﬁ%‘t?prpgﬁi ng the

wat er tank therein, and a notor for rotatigg t he drum Theei has

t t.
a cylindri &P R tHPAMOPENF AGOBBNF§r ARG A OCh & WISH: . t\?ﬁ_‘eheé(’)utt@{rg(t ank

inclu%es a%f“ﬁéﬂyé¥§¥&on 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 numbex 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 accorxrdance 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




15 having an opening for putting laundry with a door for opening/closing
attached thereto, plurality of load receiving portions provided at an
upper surface of the external body, and a plurality of suspending rods 5
suspended downward fromthe plurality of |load receiving portions and each
having a spring receiving portion at a |ower end. The water tank has a
plurality of support receiving portiong forned respectively below the
plurality of |oad receiving portions and having 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

i nserted, and a danper provi ded between each of the 15 support receiving

portion an Eng Ougr i the pavsRenrding d Wit he doae Hdx washi ng,
wei ght of ﬂﬁ%pﬁ% egﬁtgﬁEQlﬁﬁcreasgé aseﬁgter and the laundry are put in,

and conprqggégpngthBgigﬁ %qukg%@gqhé@@ﬂb;rpﬂugﬁxﬂﬁy(ﬁft}mEQO wat er tank
reaches a prese alue, the spring is fully conpressed, and the | ength

thereof is 20Le £OURGE 84 ; ohur then-i JERe analer ke conefede bk theectly
supported by the susgending rods through support receiving portions,

spring receéay{@gngggrbbg?s’ aR@ tahe e 1A teo gl esssek 26l mpMpP@Ssi on springs.
Therefore, the anount of |owering of o
5 suspended downward from the plurality of load receiving
portions and each having a spring receiving portion 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 1is
inserted, and a damper provided between each of the
15 support receiving portion and the lower end of the
suspending xod.

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 tank comes to be directly suppoxrted by

the suspending rods through support receiving portions,

spring receiving portions and the fully compressed

25 compression springs. Therefore, the amount of lowering of




16 the water tank is limted to a certain value, and hence spring constant
of the conpression spring can be selected to a small value. At the tine of
dehydration, water is drained and the 5 water tank becones |ight, so that
conpression spring returns fromthe fully conpressed state to conpressabl e
state. The water tank is resiliently supported by the suspending rods

t hrough support receiving portions, spténg receiving portions and the
conpressi bl e conpression 10 springs. As already 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 val ue.
Therefore, it is.possible to select a small spring constant of the

conpression spring and suppress 15 vibration transmtted through resilient
support to e watdertaarkiandifiteHetot e tlea thligovalasiwehtd %S, in
order to suppress the anount of vibration transmtted to the f]oor éo be
not nore tharing ceshatanvabliethassonPHgSSRaN R it Fft" d1° |/we?T 1 of t he
20 water tank is 30 nm the load of laundry is 5 kg and the water vol une
is 30 literdorg smald watessary to use a spring having a spring constant
of 1.2 Kgf/mm However, _accordin% to the present invention Su rigéed
above, it is possibhe tampi At JERFERBIAN o AGRerihd BITHe Water tank

25 Therefore, simlar or higher effect can he obtainedﬁevng :
5 water tank becomes light, so that compression ring

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 1is 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 1s

possible to limit the amount of lowering of the water tank.

25 Therefore, similar or higher effect can be obtained even




17 when a spring having smaller spring constant is used. For exanple,
assum ng that other conditions are simlar to those of the conventional
exanpl e and various conditions are set such that the conpression spring
reaches the fully 5 conpressed state when the water volunme is 20 liter, the
spring constant of the spring used can be set to about 0.7 Kgf/mm The
vibration transm ssion force at the ti @ 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.
when the support receiving portions are arranged |ower than the |evel 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 thehereréi spripbahavingl sdiaiderhememercadtanf theisolarfUxis is
shorter than those between that vertical plane and the plurality of rod
recei vi ng poxdmphs, Byssmihg aherangément coried trisths rfds el bl@ Mabd, and
hence cl earance 20 between the support receiving portions arranged nearer
to the | ovisioperofonhef cohwensdonsd ErampierrhiMe P HeEORMEEF VS wi t h
much room and, on the.contrary, the outer tank can be made snalée
Pref erabl y,azmchedf snhb phatatiey COMPIESsS ipds PR 2BPeRRepthR| uL%yan

upper end. The outer tank has a pluralit .
PP 5 compressed state whenpthe wagér 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.

10 Therefore, transmission of considerable vibration of the
water tank to the floor can be significantly reduced.

When the support receiving portions axe arranged
lower 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 the distance from them
to the verticai 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




18 of openings through which the rods are inserted, fornmed at portions
corresponding to the rod receiving portions at the portion providing the
upper surface of the outer box. Each of the plurality of |oad receiving
portions includes 5 a | oad receiving nenber having an opening through which
the rod is inserted, arranged at the opening position of the upper surface
of the outer tank for supporting fromifower side the rod receptacle of the
| oad receptacle of the rod which is inserted through the opening, and a 10
vi bration absorber arranged between the rod receiving nenber 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 conpressing direction acts on the 15 vibration absorber and there
is not a f@fceopenshesarthgoudhrebiicbnth®hapdorge iinsaxtirst: e &aritto
set the hardness of the vibration absorber higher to withstand the
shearing f @ icems tencespPhianbofkiocaheb&osf FEGSWVEINE RAIFUF BBF usi ng

vi brati on absorber with small spring 20 constant. Acc rq{n t.0 anot her
aspect of tihe peseheni ByeHtAdRe thRe UBPEH FEEHECSA fort %g?%%’é%ao’&ryi ng
drum forned of netal which is rotat blg about. a rescnybqgsagééluﬁgying
front and rE&Gh QuF FERRSPAPBAYH EKeCixt82End S RAHY % B55 i Cul |~ openi ng at

the f%pnt %yGﬂﬁﬁf’rgggigiggtgémber 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 xod is inserted.
In this structure, even when the water tank vibrates,
only the force in compressing direction acts on 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 rear surfaces along the axis and having a

25 circular opening at the front surface, and a motor




19 operatively coupled to the rotary axis. The drum has a ring-shaped
groove having an outer sidewall, an inner sidewall and a bottom surface,
fornmed 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 drying, it is possible that the fluid balancer forned
of synthetic resin is heated to a higher 10 tenperature for drying and nmay
possi bly be defornmed. However, in the present structure, the outer side
surface of the fluid balancer is reinforced by the sidewalls of the
groove formed in the netal drum and hence deformation of the fluid

bal ancer is prevented. 15 The outer sidewall of the drum groove nay be
provi ded wpklraa ipledivaldcap lefd restEmgut atahpl @5is TheThe udgubahafcer my
have a plurality of convex portions to be fitted in _the rectangular holes,
formed at paésigtistrepechgraspendianing c2® heukert angarart lhoPes 18RSThe out er
side surface thereof. 20 By fitting the convex portions in the rectangul ar
hol es, theiflewiad lba&ingh@edtdrPhes ¥ ¥ kage onf eHESdr 8 LR25 sPRPIYE® nanner. A
plurality of ribs may be forned on the front s rfqge whi ch facgs.outmard
when t he f E&Pa thaus ioF e (13 SIRIERR: griotv e  WReRP P RE aF iif T

rotatgd du%h@%her includes a ring-shaped fluid balancer inserted in

the groove such that its outer side surface is supported
by the outer and innex 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 outexr side surface
of the fluid balancer is reinforced by the sidewalls of
the groove formed in the metal drum, and hence deformation
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 positieons 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




20 drying, these ribs provide a fan, and wi nd generated by the fan cools
the drumand the fluid bal ancer, thus preventing deformation of the fluid
bal ancer. The body of the fluid balancer may have such a size 5 that can
be inserted in the groove with a space fromthe drum a plurality of
projections may be formed on the outer side surface, the inner side
surface and the bottom surface of the2@luid balancer, and the fluid

bal ancer nay be fixed in the groove of the drumwith a space fornmed 10
bet ween the drum and the fluid bal ancer. The drum and the fluid bal ancer
contact only at the projections, and there is space between these at other
portions. Therefore, heat transmtted fromthe nmetal drumto the fluid
bal ancer fornmed of synthetic resin can be reduced. 15 According to another
aspect of uhgipgeseMesienvetid grovide aefand ahdogéndt BRGSERE <Gr bin
washer-drier includes, after washing or rinsing, the step of |ow speed
rotati on ithewfiagh ctohd smother dsursomtd ot hedf Susd PHéﬁ”PﬁérdF&Hﬁis r ot at ed

for a prescribed tine period at a rotation_ speed 20 hi%her than criti cal
rotation speedeaft irge ddfinxhndfaiamcet thadf lewdr PRhaRERe resonance rotation
speed caused by resilient support, and after the d un1i%uE@}%;%ngor a

prescribed ti meTper ibedivatok Hhor £he+ el BESFi BRAYsPEEE, “Yhe Sstep of hi gh

speed rotation in which the notor is, 25 controll. su a Lumi s
rgtatéd at that can be inserted in the groove Wl%g a %%a%@ &fd%aﬂ%e

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




21 predeterm ned high rotation speed for dehydration. At the tine of
dehydration, water in the tank is drained, and the drumis rotated at a
| ow speed, for exanple at 55 rpmin order to untangle |aundry in the drum
5 At this tinme, the fluid in the fluid balancer is biased to the |ower
si de because of gravity. Thereafter, drumis rotated at a prescribed
rotation speed which is higher than tBé 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 praietgeneieéddh agd tbeatesanapeedr divat idehyshedd orcan be passed
smoothly. As for the prescribed rotation speed for this purpose, a
plurality of difAterien tithatobdndsehpédstiay,bwaselrediredihe &} ovfer to
hi gher ones of the selected rotation speeds 20 may be selected so that the
rotation speedrefdt hend |uhe dbamansercotstgdadiald \ovh@EReeshd. fohen
distribution of the fluid in the fluid balancer changes gradually and the
fluid bal ascamnflma@t ons yeadual Pyﬁeihépeﬂbﬁ:é,ngé\?er%ai%qr}?e 175t rum.
increasing the rotation speed of the drum 25 vibration of. the drum can be
suppr &ssed At this time, the fluid in the fluid balancer 1is biased 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 a ring in the
circumferential direction, because of centrifugal force.
Therefore, large vibration near the resonance rotation
15 speed is not generated and the rxesonance 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 increased. 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.




22 A vibration sensor may be provided in the water tank of the drum
washer-drier, whether the detected value' of the vibration sensor is

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 2#etermined. 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 detailed
description of thevibresénh ERNEAKi DAY @nﬂﬁﬂ&%¢QQ1%RNﬁQﬁK%?EﬁFS&? t he
acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE DRAMVNGS(rhg.ll_igfa Cross
section of af drhen desheradhesrdrper20vietdedardd MR FT r'st &hbddi nent .

Fig. 2 is a cross section along the front surface of _ths d -drier
of the firsthembdrabher FP§SCE i§ Righ6<s iaorProefS‘inb%‘g%g{?ét £e drum
washer-drier in accordance with the first_ enbqdi nent | 4. dSqan

enl arged crifss Be¥t Pendgtespppse before the AP o g o

5 rotation step, and in accordance with the result of
determination, whethexr 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 presént 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



23 receiving portion and danper portion of the drum washer- drier in
accordance with the first enbodinent. Fig. 5 is an enlarged cross section
of a load receiving portion of the drumwasher-drier in accordance 5 wth
the first enbodinment. Fig. 6 is a cross section of a vibration sensor of
the drum washer-drier in accordance with the first enbodinment. Fig. 7 is a
schemati ¢ bl ock diagram of a control % circuit for the drumwasher-drier
in accordance with the first embodi meft. Fig. 8 is a flowchart show ng
control at the tinme of dehydration of the drum washer-drier in accordance
with the first enbodinent. 15 Fig. 9 is a cross section taken along the
front surface of a fluid balancer. Fig. 10 is a cross section taken al ong
the front surface of the fluid balancer. Fig. 11 is a flow chart show ng

trol fl f.the d d
gggog?nentoygg?QVlT? Pgrglg?b§§“£§£?9%%eé¥nﬂlacﬁﬁ{masﬁgrﬁ%éﬁeQEEEQPH

accor dance a-t odi_ment, ., Fi d ction taken al ong
the front %%f?ﬁcénofcﬁoagg S F%éﬁ %.1§€%g§%§§@%ﬁﬁnth a fourth 25

embodi ment . Fig. 5 is an enlarged cross section of a2 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 washex-drier in accordance with the
first embodiment.

Fig. 8 is a flow char; showing control at the time of
dehydration of the drum washer-drier in accoxdance 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 & second embodiment.

Fig. 12 is & 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.



24 Fig. 14 is an enlarged cross section of the support receiving portion
and the danper portion of the drum washer-drier in accordance with a fifth
enbodiment. Fig. 15 is a cross section of the drumof a drum 5
washer-drier in accordance with a sixth enbodinent. Fig. 16 is an enl arged
cross section of an outer peripheral portion of the drum of the drum
washer-drier in accordance with a seventh enbodinent. Fig. 17 is an

enl arged 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 taggn aéa a t he ngcﬁhf%§%"5€?§§(geé{ﬁbﬁ'éﬁttﬁéagwﬁpbﬂ{ t he
e |

conventional dru Sdfv e S a cross section taken al ong

the front surface of a nd _exafpl @inbet he, SONVERT & oNEthe dd thaf
masher-drieF?CE?§FDEZPP§%§C%}6%§¥sect|gnEtakén along the front surface of

a third exanple of jhe CQQVeUdANAInY URtR% VBsher - éhbediment .

Fig. 15 is & cross section of the drum of & drum
5 washer-drier in accordance with a sixth embodiment.

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

Fig. 17 is an enlaxged 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.




25 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS (First Enbodi nent] By
enbodi nent of the drum washer-drier in accordance wth the present
i nvention and net 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. 1 and 2, the washer includes a drum1
havi ng a nunber of small holes 2 contakhing and rotating |laundry, 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 DESORIHTIGRN & PHErPRENPRADDOEMBODEMANT&ched. A notor pulley 7
is attached to the tip end of rotary axis of driving notor 6, and notor
pul l ey 7 and drymimdti eSmiodirmenpérati vely 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 residdiomeny ofupher dedmonaghBex dsfiegn IButtECAEHRFE in t he
following manner. On an inner upper surface of the box of outer tank 9, a
plurality ofittodheqeiedent poryeéohioBsaadempidpdded. CPRIR B Ut al ity of
suspendi ng rods 10 are suspended fromthe i
5 therefor will be described with reference to Figs. 1 to 10.
The drum washer-drier is also one form of a drum drier.
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 1is 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 oyter 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



26 plurality of rod receiving portions 84, respectively. The structure of
rod receiving portion 84 will be described later with reference to Fig. 5-
Meanwhi |l e, the water tank 3 has support receiving portions 13 at positions
|l ower 5 than the central axis at front and rear portions on opposing

si des, through which | ower ends of suspending rods 10 pass. Referring to
Fig. 4, at the |lower end of suspendinggrod 10 passing through and

proj ecting dowmmward fromthe 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 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,

wat er tank 3. is_suspended _and_resi/l.i | Y+ A4 ed-d St BFe I RNK The At
t he | ower é%ﬁ“ﬁ%f%ano frgasﬁsﬁ ﬁkdn o&dﬁilt ere ' is {?ovided g danper - 15
which generates friction__resi Q. d 6 PNy 68SI P& piédigr 1Bed s 20
expanded/ cofpt BSEREE “Re 89r?ﬁ§%?oqﬁﬁgi’4, danper 15 " incl udes a danper

sl eeve 15a yhlch Nas,syche.a §E%p%o_t haly . encl peeswhRNieg YrRCeiatialy qEoTK i On
11 and conpréssion spring T2 and inserted to the | ower end portion of

suspending 06, 10cCUbEE rREELPAGKADodGRAS IPrNGES: thoes viageportion 11
is slidably irn contact wth the i'nner .

5 than the central axis at front and rear portions oOn
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 is

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 surface of danper sleeve 15a. Consequently, as the conpression spring
12 i s expanded/coi npressed, friction resistance is generated between the
i nner surface of danper sleeve 15a and the outer peripheral edge of spring
5 receiving portion 11. Again referring to Fig. 1, at the front surface of
t he box of outer tank 9, there is provided a door 16 for putting in the

| aundry. Between the water tank 3 and er tank 9 at this portion, a
bel | ows shaped door packing 17 10 is provided. Wen door 16 is cl osed,
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. Below the water tank
3, there is a drain valve 19 for 15 draining water and the |ike from water
tank 3, and water is drained at the tine of dehydration by this valve.
There are F8g$az® & tdrepiest tHRNE f B o FHEBEN GfY oterth@nk 9, and
the washer as a whole is supported on the flopr. Referring,to Lg. 2, a
plural ity ofCBRERISES M SR NQd doriovi HERFHFEIHELTARET P8t i phaF&FC8ur f ace of
drum 1. At an _upper portion of mq%%%%tank 3,, there is prggigeg a
vibration s&RSGE 8O %or USTGTHETi P HTUN I Wt BFT t 3k 23S Sfructure of

vibration sensor 80N, 9% 9954 800 ol AP e 2FpAS: 21OMoL o Gpr2ng! e

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 circuit 18
for controlling opexation in various steps is provided.
Below the water tank 3, there is a drain valve 19 for

15 draining water and the like from water tank 3, and water
is drained at the time of dehydration by this valve. There
are ;egs 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 foxr 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



28 receiving portions 13 when viewed fromthe front is shorter than the

di stance between rod receiving portions 84, and hence suspending rods 10
are inclined by an angle O 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 selected smaller than when the
suspending rods 10 are vertical. Accoi8ingly, the size of the washer as a
whol e 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 renoving noisture
arranged in drying air duct 241. 1In Fig. 2, these elenents are omtted for
sinplicity. 15 Referring to Fig. 3, drum 1l includes conponents such as
met al dr umIgsie opiha, pardiansbddy whenamd eavedr Umdn dehie, tremd 4% is fornmed
by joining these conponents. Drumlid 1Ic has a circular opening 50 forned
at the cent€rortem Bhaantbkadigtoove betpeerefiBUECeiHiNIGiROHEFONE 51, a
fluid 20 balancer 32 is fitted such that at least its inner and outer

peri pheri eS%r 7% heRRE E8APSRELIRGt KOLRe 1 @&e SUITLFEDPYrHvVR SIS Fl ui d
bal ancer 32 is fixed on drum1 bégggans of, . screw 52 fromthe

. . oyt er_.
peri pheral Si*dd-h FIRFRPC baFanthe écéthPFgﬁt&ﬁﬁhlaPQBSHﬁefG#nééléf

synthetic 23 resine Wtn,f LyLd, sealeq therel Aplurality olesimlly

portion 13 and the box of the outexr 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 1b and a drum lid lc,
and it is formed by joining these components. Drum lid 1c¢
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




29 holes 2 are forned on the peripheral side surface of drum body 1b.
Further, baffles 21 are provided as nentioned above, on inner side surface
of drumbody Ib (Fig. 2). Referring to Figs. 1 and 2, the height 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 porté8ns 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 | 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 suspemtles 15azaadfpeneli ent tyies pggotheda Vibirds | oir faemsai t dedni n
each of the steps of washing, rinsing and dehydration can be suppressed
and, in add?@9¥nlbvi FFurther of bakibest dhkaBe prewlifiedar sh@ed\ipiressed.
Referring to Fig. 5, structure of the rod receiving 20 portion_84 will be
descri bed iFPYfeat@R HBREF| Sife EHEL3FEr CifoRlarm RAFY elRi Vihg: pdttion 84,
on the lower side at an uEger portion of _the boq§ﬁgL%outer_tank 9., there

is formed a hol Fo8@PpBLEEoRCPFéLECt Tng " Fovmdf HePIHLPRRE vi ng
portian 85 s arranged therel i, Betreqn o0 2% dPoR VA% PULLIR"s B2a R
be arbitrarily set. However, in the washer in accordance
with this embodiment, the support receiving poxtions 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 B84 will be described in greater detail. At the
portion of rod receiving portion 84, on the lower side at
an upper portion of the body of outer tank 9, there is
formed a hollow portion projecting downward, and the rod

receiving portion B85 is arranged therein. Between rod

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




30 vi bration absorber 22 formed of | ow rebound rubber nold. Rod receiving
menber 85 and vi bration absorber 22 have openings, and outer tank 9 al so
has an opening at the corresponding portion. A hem spherical 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 absorber
22 and received. As vibration absorber3922 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
Fig. 5, vibration absorber 22 receives only the conpression | oad
supporting water tank 3 through rod receptacle 23 and | oad receiving
menber B5. There is not a shearing force acting on vibration absorber 15
22. Thereforihrativs pbssibee 28 Sekmed lodwlawbberbound dnezke¥ drodd brati on
absorber 22. For exanple, even if it is necessary to use a material having

rubber har diedsreoeivdaywhenbehel8bi Agdf yhide adcdon GPSOBRS | h P& ber 22
in the present enbodi nent a material having rubber 20 hardness of about 40C
may be used®R#®HOUS . appdpPBBRENtank| fcélgomdes il IRRARE | W Yibber

har dness can be used_ _for vibration absorber 22, Xibr tion tragﬁpi ted from
wat er tank I PRPRALIPGNROGTEGR - beP sNEREFPREREFF L QG EFC RS g t o

Q- 1§ vibpalion sensor 80,1 noludgs 3. 28,35 0016 Pl eZRgkeedyi o device

through and supported by the rod receiving member and
vibration absorber 22 and received.
As vibration absorber 22 is interposed between rod

receiving member 85 and outer tank 9, vibration of water

10 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 membexr 85.
There is not a shearing force acting on vibration absorber

15 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 90°C when shearing force acts on vibration absorber 22,
in the present embodiment a material having xubber

20 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

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




33 a weight 102 and a spring 103. Weight 102 vibrates in case 104 in
accordance with vibration of water tank 3, and at this tine, weight 102 is
biased in the direction to piezoelectric device 101 by neans of spring

103, and hence 5 piezoelectric device 101 generates an electric signal of
whi ch magni tude depends on vibration of water tank 3. Referring to Fig. 7,
control circuit 18 includes a notor dri¥er 130 for driving notor 6,

vi bration 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 Chlé Menory) 124 staoring a_p%ogrﬁglfor C ntrollin%
various 15 atepsobt hRdhpng exseuiad BY3cpUe2EPtand ‘aN ‘REG CRardbm® Kecess
Menory) used as _working area by CPU 120. .Control _circuit, 18 oper s in
the simil ar1%nh’éra‘é‘éoédéﬁﬁﬁnwltboﬁt‘})&até(?rﬂ:)&fce)rwaatrﬁf et HS ’ofgrg%gértgt i on

par Cf cul ar VB HEATR ouBREoBhb S0P SHAEE Chd W (B TS e th
(el erence 19,5 gy Bee FELCRELR! 2081 By Rl tabaRer 52, | i opgeeof
8;“ g rg ?H?."tﬁ%oéggé 28 nggggéegéi()?[Sgfe%réq%q:ersadc'lrﬁléyeéflom L &\eha PES £ phery
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, &
10 drain valve driving portion 130 for driving drain valve 13,
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 53




32 such as salt solution sealed in a space between inner wall 92 and outer
wal | 91. The drum washer-drier in accordance wth the first enbodi nent
operates in the followi ng manner. Referring to 5 Figs. 1 and 2, door 16 is
opened and laundry is put in the drum 1. Thereafter, through water feed
val ve (not shown), water is fed to water tank 3. Filling of water is
continued until water reaches a prescrPBed level. At this tinme, weight of
water tank 3 increases as the water is fed, 10 and conpression spring 12
(see Fig. 4) is gradually convressed. When a prescribed anount of
conpression, that is, prescribed amount of |owering of water tank 3 (for
exanple, 20 mm is reached, conpression spring 12 reaches the fully
conpressed state, and_thereafter water tank 3 is 15 directly supported by
suspendi ng TS 2D, Sabtt paluticnoEsa LRt furt ﬁ@aq%mt.wmnlwéf e et -
reaches a prescribed |evel, water feeding term nates. Thereafter, washing
by tunblir&fi%ﬂ%é??%#ﬁeﬂaﬁ} Pétating drum| at a |ow speed. Then water is
drained fromwater tank 3' by opening drain 20 valve 19, water is fed again
&h TR,

and rinsing is pER? A YA BhedZd rBNAREF XS ANESHiIFED by'S _
It S e . S S A S
gﬁt Ce%t rif qulag!rs f °f CaengSZ]: rgcmotrh(ffil "iusmgiaghe%n%ntdh%a%cﬁry iigs fﬁﬂ{ hf“r'{ {groved
drum 1. Thereafter, through water feed valve (not shown),
water is fed to water tank 3. Filling of'water is
continued until watex 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 does
not further lower. When the water reaches a prescribed
level, water feeding terminates. Therxeafter, 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 mannexr as washing, by tumbling.
Dehydration is performed by draining water from water
tank 3 by opening drain valve 19, rotating drum ]l at a

high speed so that water is removed by centrifugal force

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




33 fromthe drum11 through small holes 2. In the present enbodi nent,
rotation control of drum1 is perforned by control circuit 18 in the
foll owi ng manner. Referring to Fig. 8, when dehydration step 140 starts,
water in water 5 tank 3 is drained, drum1l is rotated at a | ow speed (for
exanple 55 rpn) to entangle clothes in drum1, and tunbling is perforned
(142). Then, as shown in step 142, higR speed rotation for dehydration is
started. However, in the present enbodi nent, the operation is not 10
i mmedi ately switched to the high speed rotation. Mdre specifically, first,
drum1 is rotated at a prescribed of .rotation speed (for exanple 160 rpm
which is higher than a critical rotation speed but |ower than the
resonance rotation speed for a prescribed tinme period (for exanple, 15 15
sec.) (144)IramerBeofleum: fogdFomiadi $med i MII&R ¢ - bd™a PIFSet
concentrated in the gravity direction gs hown in Fig. 9. while the drumis
rotating ate’P}Eﬁ\?’l%'B‘éEg'i HOtéFéﬁnlﬁf’,ntfrIDa‘i d’ééjo’ﬁlgn di st ?Qﬁﬁ%%r'&%gab#li ng al ong
the periphery, of. fluid bal ancer %ﬁ.a gl'llovvn in Fig. 10 g#r'n .20
prescri bed 9%‘%/%’E?l)ncilﬁcé‘tlép%%4&.“ &39 é%wy'é’sd?ﬂﬁzteer‘ r edét(al%ﬁnsgpécec)d can
be snoot hl y_ excegded ang fter . t.he reso e.r [ ed is.gxceeded,
the fluid Moves ?h wpRa Fﬁ?’&rﬁﬁﬁgﬁcSFegngaq%jsutsatollsta%hﬁgangéé),P g“/ner%ﬁy
vi bratdion of water tagnk.3 can_be suppressed. erepftelcapether the
value%ﬁ \HEﬁ%ﬁi anngaFlneg, dzam Y 15 ré%%téﬁséq1g fg pe f
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 prescxibed 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). Thexrefore, 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 rotation speed is exceeded, the fluid moves in
the fluid balancer and adjusts balance, whereby vibration

cf watex tank 3 can be suppressed.

25 Thereafter, whether the value of vibration input




34 through vibration sensor 80 is snmaller than a prescribed value or not
Is determned (146). If the detected value is not higher than a prescribed
value, drum1l is rotated at high speed (for exanple, at 100 rpn), so that
water 5 contained in the laundry is renoved through snmall holes 2 and
dehydrated (148). If the value of vibration detected in step 146 is higher
than the prescribed value, the flow réfurns to step 142, and rotation of
druml at a low and a prescribed rotation speed is repeated. In this
manner, 10 high speed rotation is perforned 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 limted.

Therefore, not only _vibration of water tank near resonance rotatlon speed
but 15 al so-RAPRART BAPERtAGNe BeNERR §0at15h.5@rrﬁlslp°e%otw%a§.%e%%ﬁl %%

suppressed. Feature of the drumwasher-drier in _accordance wifh X
present enb@ft#RnPT ahCthé st ARESsMiaERy dridiilon \hfll °f SERSt Voaelél(ﬁ'llﬁed

At the tine of dehﬁ wat er 20 t k Vi b (?tes sone._ext ent because
of the biad*in R ﬁﬁr% anﬂePéFSCFﬁbF b |h%n{° %ateretank 3
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as
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 rotatlon 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 supporeed 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




35 conpared with the prior art. Further, since danper 15 exhibiting danper
function is provided at the I ower end of suspending rod 10, vibration
transmtted to the floor through danper 15 is not direct but indirect,
through a 5 path including danper 15, suspending rod 10 and outer tank 9.
The transm ssion of vibration becones snmall as it is alleviated by
vibration absorber 22 and outer tank 9,c General vibration transmni ssion to
the floor is made smaller than the prior 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 time, drum1l is rotated at a | ow

eed so that the l.aun I ni.f.Qr he nd dr.yi L acid itated.
P the  abovePBBEEFIDEA o mt POt o A trie SPes"SE dryirg. Chopcair

circul ates iag¥§$gﬁghﬁg§m%?éngk%EQ% ,iéﬁgfgégéggjg{LQﬁgb§5@@§eén§20f

arranged in® _ al so heated. As fluid balancer 32 is forned

of synt hetig?ﬁé&?&@n it_:o!gls 1907 1.8B8Q tRB N Gata iifh 1 d&d St f{Mess1boxer s.

However, as I'nner-an outer peripheries of fluid balancer 32 are
tightly fi ttilpoaﬁgr QaMBe P 1501 B 2N giBtalt wlivmddiféetd barangera32 is,

as aresult, rernforced by 25 the inner wall of groove 51 on drum 1, and as
a secoqdly 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, dxying air 1s heated and
circulated by drying heater 214 arranged in drying air
duct 241, so that moisture in the laundry is evaporated.
The evaporated water 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



36 result, it cones to have rigidity. Therefore, deformation of fluid

bal ancer 32 caused by inner or outer force in the radial direction acting
on fluid balancer 32 can be prevented. 5 Here, the force acting on fluid
bal ancer 32 refers to the |load applied by the fluid sealed in fluid

bal ancer 32 rotating about the horizontal axis exceeding a prescribed
nunmber of rotation to the inner surfacébof 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 descri bed above, in the drumwasher-drier in accordance with the first
enbodi ment , rewudt, t abkcdmes toudysereded Gtk esi Mhems fp tup it f M dyLon
suspendi ng rods suspended from an upper portion in the box of outer. tank
9.  Furt herof af tohpr bediaoaespiizng vdachPys iaINes 7T e e8hst arte26n §he

i nt er posed between the support [eceivigﬁ1portion and iye sgr#ng recei vi ng
portion. THeR@ietedizecthen: prdisl Uadnivf REHACEanke3°RE PPxedly hel d
at a prescribed height, and during dehydration, it is resiliently
support ed BBXEH8"EBRpressi on spring. Since spring constant 25 of

Conpr%§S|on Sprlﬁgrg?ntgg %%&ég §%€¥H%|03“¥f§§dlg§lancer 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



37 force of transmtting vibration of water tank 3 to the outside during
dehydration is very small. Further, since water tank 3 is suspended and
hel d by suspending rods 10, vibration absorber 22 provided at the rod
receiving 5 portion receives only the conpression |load. Since vibration
absorber 22 does not receive any shearing force, a material having snmall
spring constant may be used for vibra8’on absorber 22. Therefore, the
amount of vibration transmtted outward can further be reduced. 10
Further, prior to high speed rotation for dehydration, drum1l 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 tine
period. Therefore, resonance rotation speed can be exceeded snpooth, 15 and
vi brati on rf&¥ce ezbnerestbt Binenvipeedieanchevwasgppiedded TurtiMer,

vi bration sensor is provided and operation is smﬁgphed to the hi.gh speed
operation AHYSLMAEHI HBRRETBRIBR hat ¥R ¥afiRad 1at FHEtﬁﬁéscFPgEE

rotation speed is not higher than_ a prescribed value. 20 .Therefore,
vibration d2YRgHaPeed BF FOFBENDRIcAR aﬁ?g%bgy SUSFEESEAY ﬁﬂ#%ﬁ%%, drum

3is forned Qf netal, .and the uid bal ancer forned of synthetic resin is
fit in a g% t*?ﬁrﬁﬂf?ﬁpﬁ¥u%#SPIRYfﬁeahE%oﬁﬁgrr gﬂﬂﬁ%ﬁ%ﬁlﬁﬁwtion of the

25 balancer, sUppOTt et by, d 0Ny ! < RYr L868-80<10] d0U® 9" 89Kee
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.




38 Consequently, even when the fluid balancer is heated to a high
tenperature during drying, for exanple, and a synthetic resin formng the
fluid bal ancer cones to have |ower stiffness, deformation of the fluid

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 descri bed
first enbodi ment, suspension resilieng8support of water tank 3,

i nprovenent at transition to high speed rotation for dehydration, and 10

i mprovenent of drum and fluid balancer structures are conbined, and a drum
washer-drier in a nost preferable formis inplemented. However, the effect
of reduced vibration as conpared with the prior art exanple can be

attai ned even when any one of the above features is 15 enpl oyed. [ Second
Ermbodi rrent)Cm@eqqqnsimmew@ww@mcéﬁﬁr dluigd thiel snepr ofs MRAYEFatPof in
accordance with 'the second enbodi nent of the present invention. The
structure Jtighect@BPERAFETE 2T idgurYdSFer T0E &*3TREEF #RY Be or may not
be the sane as the first enbodinment. O the flow chart shown in Fig. 11,
steps sim |BNERetiRoEESHP ERETENGWIERat YditbiF 14N FR Y. CE DT ’Eﬂehﬁ’gst
enbodi nent are denot by the sane reference characters., 25 Therefore,

det ai | ed de%fav%t%h??ﬂs%éof SpdonBetigPeRtod e T101d Daldncer “tanbE

5 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

10 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

15 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 haxdware of

20 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.

25 Therefore, detailed description thereof is not repeated




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 Fig. 11. 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 diBPerent rotation speeds are sel ected
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 tPJ;he n-th
prescri bed et i gihe shbew. chpre, oft Fig - addufed fefat 08 iWiah 4f VaiYe of n
is | and the maxi mumvalue of nis N Wwen nis 1 %ﬁg rotati9€ sgggd S
the | owest,8 ol BR2ENELRBNBAA AL FAgGredsds TIRIITIATHr° SPRRd becols

hi gher, and hi ghest 20 rotation speed.is reached when n=N. ver, any
rotati on shfed?rbafn=1lro XPFe B?%&Féﬁaﬁ Yise 1} é%‘%ﬁ%ﬂ##%§§é¥

critical
rast1 1 ont SRR {171 ACEPERETR, “AETor I GRIOTS TNGTURPTor SPHrEee bed
25 ti rr5e per%’lpéjm aéhg-%grgg:e%% iotéei\(xjnern%t %.tni % is&eec(:jnl); torjné 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 rotation 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




40 determ ned whether n equals to the maximumvalue N. If n is not equal
to the maxinumvalue N, 1 is added to n and the process of step 164 is
repeated. If n equals to maximumvalue N, the flow proceeds to step 146,
and 5 simlar processes as in the first enbodinent follows. 1In this
manner, as the drum1l is operated with the rotation speed increased
gradual ly fromlower to higher rotati®f 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 nent al so, by providing vibration sensor, 15 high speed
rotati on majeterminedeshenhgrwhegaviBsattioorr "sf mageerm (il Mt é% n
prescribed rotation speed (n=N) is snmaller than a predeterm ned prescri bed
val ue. By sikmobpeanelofo vher aerenust vadier Nank B et ”s‘hp‘brg‘é ed not
only at the resonance rotation speed but also at a _high 20 _speed rotation,
as in the fikestPEpBB8Fneht StepPTRPAD IENBEFEAMS: THE & &RWRdSh&™ drier in
accordance with the third enbodi nent of the, present iqy tion.wll be
descri bed MR BReHEeNr othRgE19Y. PFRE i R R {%ka%ﬁ%n1masher 25

dr'er§55t'§351 aragrggggsgg ggginztgg %@%Jg'éﬁbodiment 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 also, 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




41 enbodinent. In Fig. 12, various conponents for drying and vibration
sensor 80 are omtted for sinplicity. The drum washer-drier in accordance
with the third enbodinent is characterized in that in suspending the rods
5 10, in addition to the prescribed angle of incarnation () in left and
right directions of suspending rod 10, there 1is a prescribed angle of
rotation ct in the front end rear dir&étions 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
washi ng machi ne. 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 ortlons 84. 15
Except thi ssipobdiimenhe stnutiareldf vhsieushragpeasmitse for &tk with
the third enbodinent is the sanme as that of the first enbodi nent.

Ther ef or e, idex@tEonheepspri §0nsre pagddasy. fam P Weshivig machine in
accordance with the third 20 enbodi nent, the water tanH?|s reS|l|§ntIy
supported by suBpendrig weahgg di5d edopy SSSHHANRG MU he e%%

direction, that is, left, ght, front end rear There bratlon of

t he matert%ﬂﬁ?qpm%nFeHﬁc@EaFﬁEFeﬁﬂéﬁ A ﬁnﬁgs%ﬁrﬁysﬁﬁnéﬁﬁ%o? Rek®dRary

Lo oot bri g consLant ol 23, Qe €582 SR Mg %r LR Ayl ¥f o

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 is 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 water 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




42 not a possibility that nmuch vibration is transmtted. [Fourth
Enbodinent] Fig. 13 is a front view of a drum washer-drier in accordance
with a fourth enbodi mrent of the present 5 invention. In the washing nmachine
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 rear side (not shown) of2the water tank. Except this point,
t he washi ng machine of Fig. 10 13 is simlar to the washing machi ne of the
first enbodinment. Therefore, detailed description is not repeated. In
Fig. 13, sone of the conponents are not shown for sinplicity. In the drum
washer-drier in accordance with the 15 fourth enbodi nent, as is apparent
fromthe conparison between Figs. 13 and 2, the dinmension of the box of
outer tank Sotnatheskébtilang thght mdichectiborest icam be weaesmihheder .
Meanwhi |l e, the effect of reducing vibrationis not affected at this tine.
Therefore, in actBedahbeEmpbrhHis@nthe washi ng machi ne of the fourth

enbodi ment, the washing machine as a whole can be made conpact while

mai nt ai ni ng theFégf-eég of peduead vilgvatdfom OmHE YRTREFraFe’T 1n

installation of the washing machine in a systemkitchen, for _exanple. 25
[Fifth Enbo@?ﬁ%ﬁ@fnce with a fourth embodiment of 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 Fig.

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]




43 Fig. 14 shows a structure near the support receiving portion 13 of the
drum washer-drier in accordance with the fifth enbodinent. O her portions
of the washing machine in accordance with the fifth enbodi nent are the
sane as the 5 correspondi ng portions of the washing machine in accordance
with the first enbodinent. Referring to Fig. 14, in the washing machine in
accordance with the fifth enmbodi ment, i;n place of danper 15 shown in Fig.
4, a danper 110 is provided which has an 10 openi ng t hrough 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 also provides the sane effect as
the first enbodinment. 15 Both in the first and fifth enbodi ments, danpers

generating sl idipg gt esistance by &) ding beiseen:hbesopborr pectphenal edge
of the spring recérving portion 11 or the outer peripheral surface of

suspendi ng Ld. 10,ngye Heahe | Deshe HoxeYeE , i AUsbcardanper waenet ati ng
sliding 20 resistance is not the only option. For exanple, a danper

UtiliZing VieSGOUS hBSlaShlife. Obtddhl Wolkt i<l Rithelampearingitid ¢ lzimg in

tenporarily repulsion of air may be used. [Sixth Enbodi ment] The drum

washer - dri eg kB raeGeEdNGH WHd £ sixtdnbabitahodarenthei bhmbeadesbei bed
15.

with reference to Fig. . _
5 corresponding portions of the washing machine 1n

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

10 opening through which suspending xod 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 embodiﬁent.

15 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

20 resistance is not the only option. Fox example, a daﬁper
utilizing viscous xesistance of a fluid, or an air damper
utilizing temporarily repulsion of aixr may be used.

[Sixth Embodiment]
The drum washer-drier in accordance with a sixth

25 embodiment will be described with reference to Fig. 15.




44 The drum washer-drier is characterized by its drum Referring to Fig.
15, drum 301 of the drum washer-drier in accordance with the sixth

enbodi ment forned of netal includes a drum body 301b havi ng a nunber of
small holes 5 302 forned on its outer periphery, a drumbottom 30l1a on
which a horizontal rotary axis 4, is fixed and |lid 301c having an opening
350, and it is characterized in that a44groove 355 is forned parallel to
the rotary axis 4, along rotary axis 4 at drum bottom 301a, and that fluid
bal ancer 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
fromthe drum bottom 301la, the larger the nonent on rotary axis 4 caused
by fluid 15Thal dnosr wds3Bearddriem 361 chzecaunss idfecdedpentts citymof the

center of gravity of the drum However, as the fluid balancer 332 is fixed
on drum botRefeB8fing theFdgneits,camumbe Oiadd drted |dsrum Thasheor@rierbiati on
of drum 301 and hence vibration of water tank 3 can be reduced. 20

(Sevent h EmeelbndanyeReishnr the tSéXFﬂ?g?mP@thdrﬁﬂﬁm%Fél‘%ff -etet in
accordance with the seventh_enbodi nent is characterlzed t he thod of
fixing fluitNbhrafpged B88MoRogyuMP4P. heyipgga b ?ﬁ U%H@ Oﬁ% &hd drum

lid 401c correspond to drum 25 body I b and drumld of the Birst
enboditent HowhCFHed on 1ts outex” perip hery, rum ottom 3

which a horizontal rotary axis 4, is fixed and lid 301c
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 30la,
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 fluvid balancer 432 on drum 41. 1In Fig.
16, drum body 40la and drum lid 40lc correspond tc drum

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




45 Fig. 3. Further, on the outer peripheral surface of drum |id 401lc, a
groove 451 is forned along the central axis of drum 401, and fluid

bal ancer 432 is fitted in groove 451, as in the first enbodinment. 5 The
drum washer-drier in accordance with the seventh enbodinment is
characterized by the following. On the outer wall of groove 451 fornmed on
drumlid 401c, a plurality of rectangudmr holes 461 are forned. 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 in groove 451, the plurality of convex portions 462
are fitted in the corresponding rectangular holes 461. Therefore, nobvenent
of fluid balancer 432 in the axial direction of drum 401 15 is regulated,
and fluid b&ligncer. 4¥2rthdi xeth awrhadraumedlper Thhersir uokinechas awnuef f ect
that fluid balancer 432 can be fixed by quite sinple a structure. [E ghth
Enbodi nent ) 1Ref drilxling & ogFogve 1451t he feahadeadbng dhemcwasther)l D0 drdafer in
accordance with an ei ghth enbodi nent of the present invention will be
descri bed. Wang ddslhi mndrethi @ babantar aéBer ised ity edhd nmgidtesdr eofd 53 xi ng
fluid bal ancer A 502 on drum 501. Drum 501, drum body 501b, drumlid 501c
and groove 8%1ishdhe i F5ly.emyodbrerspond to drum 1, drum 25 body |b, drum

lid 1c_and groove 51 of the first enbodi nent
5 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 outer periphery
of fluid balancer 432, convex portions 462 are formed,

10 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

15 is regulated, and fluid balancexr 432 is fixed on drum 401.
This structure has an effect that fluid balancer 432 can
be fixed by guite simple a structure.

[Eighth Embodiment ]
Referring to Fig. 17, the feature of a drum washer-

20 drier in accordance with an eighth embodiment of the
pPresent 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 1id 501c
and groove 511 shown in Fig. 17 correspond to drum 1, drum

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




46 shown in Fig. 3. In this washing machine, ribs 571 are fornmed on a

peri pheral surface of fluid balancer 502, and further a boss 572 is forned
at the bottom surface. Height of the rib 571 is selected such that when
fluid balancer 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 contacie between fluid bal ancer 502 and
drum 501 becones very snall. 10 At other 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 whole can be reduced.
Therefore, possibility of thermal deformation of fluid balancer 502 can be
reduced. 15 [Ninth Enbodinment) Fig. 18 is a perspective view of a drum 601

in the drumhwaheindrigl B0 ancoiwodceashifgthecpipkh erbadisAant  cof the
present invention. The drum 601 may be used “conbined with any of the drum

washer - dri erforimedicsor slapeei gReinbdl hstheatkr st o ueidgibah sereadi s@nt sabove
Referring to Fig. 18, drum 601 has a nunber of snmall holes 2 therearound,.
and fluid bdlerderr 682 dswi Hiy2 aisi igrmebapedthe boxednror udte ol UnMHkiight
portion. On a surface of fluid balancer 632 opposite to the drum 601, a
plurality 2%fofthd bsils 797 hav$ neeléestd@i ghthakbrg whenaxilali ditradctrice 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 50! 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. 1B 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




47 drum 601, its width along the radial direction and thickness along the
peripheral direction are forned. By rotating drum 601 during the drying
and dehydrating steps described above, ribs 670 provide a fan. By this
fan, air 5 around fluid balancer 632 is stirred, so that fluid bal ancer
632 is cooled. By this cooling, deformation of fluid balancer 632 can be
prevented and vibration of drum 1 andawater tank 3 during drying and
dehydration can be prevented. 10 Although the present invention has been
described and illustrated in detail, it is clearly understood that 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 invention being
limted only by the ternms of 15 the appended clains. 48 WHAT IS CLAIMED | S
1. Adrummsashe0idries, wiatgpr bdbhg: thedmadig drdimdot ted ahda net al
rotatabl e about a prescribed axis and having a front surface and rear
surface al arigi Janelsaxasoagdthecpecuilpae refjeriing catisaiare f fernhedur figce, and
a notor operatively coupled to said rotation axis; wherein said drum has a
ri ng- shapedapabieg hdvimgé@h duréng the drying and dehydrating steps

described above, ribs 670 provide a fan. By this fan, air

5 around fluid balancer 632 is stirrxed, 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.

10 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

15 the appended claims.




sidewal I, an inner side wall and a bottom surface, fornmed on at |east one
of said front and rear surfaces; said drumwasher-drier further conprising
a ring shaped fluid balancer fitted in said groove such that an outer side
surface is supported by said outer and inner side walls. 2. The drum
washer-drier according to claim1 , wherein 49 said outer side wall has a
plurality of rectangular holes, and said fluid balancer has a plurality of
convex portions fittable in said rectangular holes, forned at positions
corresponding to said rectangul ar hol é8 on the outer side surface. 3. The
drum washer-drier according to claim?2, wherein said fluid balancer has a
front surface facing outward when said fluid balancer is fitted in said
groove, and said bal ancer has a plurality of ribs formed on said front
surface. 4. The drum washer-drier according to claim1, wherein said fluid
bal ancer i r®HAGdS CAATMBD-IShaped body

1. A drum washer-drier, comprising:

a drying drum formed of a metal, rotatable about a
prescribed axis and having a front surface and rear
surface along said axis and a circular opening at said
front surface, and |

a motox operatively coupled to said rotation axis;
wherein

said drum has a ring-shaped groove having an outer
sidewall, an inner side wall and a bottom surface, formed
on at least one of said front and rear surfaces;

said drum washer-drier further comprising

a ring shaped fluid balancer fitted in said groove
such that an outer side surface is supported by said outer

and inner side walls.

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

wherein




havi ng an outer side surface, an inner side surface, a bottom surface and
a front surface of a size insertable in said groove with a space

t her ebetween, and a plurality of projections forned on said inner side
surface and said bottom surface, having a prescribing height necessary for
fixing said ring-shaped body in said groove. 50 5. The drum washer-drier
according to claim4, wherein said outer side surface has a plurality of
rectangul ar holes, and said fluid balancer has a plurality of convex
portions fittable in said rectangul ar 4gol es, formed at positions
corresponding to said rectangul ar holes, on the outer side surface. 6. The
drum washer-drier according to claiml1l, wherein said outer side surface

has a plurality of  rectangul.gr holes. and said fl.yid I e
plurality of con%@kd BBF?FoﬁégﬁiV?gSIBaFnas ﬁ&r?&@#ﬁhéﬁ?éﬁgﬁﬁ%gggf?grned at

ositions corresponding to said rectangular holes, on the outer side
gurface. nolesh%ana ™ ?

said fluid balancer has a plurality of convex
portions fittable in said rectangular holes, formed at

positions corresponding to said rectangular holes on the

outer side surface.

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

wherein
said fluid balancer has a front surface facing

outward when said fluid balancer is fitted in said groove,

and

said balancer has a plurality of ribs formed on said

front surface.

4. The drum washer-drier according to claim |,
wherein

said fluid balancer includes a ring-shaped body
having an outer side surface, an inner side surface, a
bottom surface and a front surface of a size insertable in
said groove with a space therebetween, and

a plurality of projections formed on said inner side
surface and said bottom surface, having a prescribing

height necessary for fixing said ring-shaped body in said

groove.
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5. The drum washer-drier according to claim 4,
wherein

said outer side surface has a plurality of
rectangular holes, and

said fluid balancer has a plurality of convex
portions fittable in said rectangular holes, formed at
positions corresponding to said rectangular holes, on the

outer side surface.

6. The drum washer-drier according to claim |,
wherein

said outer side surface has a plurality of
rectangular holes, and

said fluid balancer has a plurality of convex
portions fittable in said rectangular holes, formed at

positions corresponding teo said rectangular holes, on the

outer side surface.




