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 nethQd and nmechani 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
singl e 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 perforneniThy dher8ingheeEdTgoN Structure of a conventional drum
washer-drier will be 20 described in the following. Figs. 19 and 20 show a
first exanple drimevpsher-BrierRehéchi Rgdueeki g8 brEd iand 120,Flddre
conventional drum washer-drier includes a drum 171 having a nunber of
smal | hol exrd fQperatcbhyiMgthnd 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 washer-
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 perfoxrmed
by the single drum.
Structure of a conventional drum washer-drier will be
20 descxibed in the following. Figs. 19 and 20 show a first
example of the prior art. Referring to Figs. 1% 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 |ower 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 fluid

bal ancer 122 js fixed o he .peri pher t.a ront,surfac f_dr 71, so
as to reducﬁoé?ﬁyaﬁﬁéﬁ gt%qﬁﬁQQiéﬁFC)n e%b%ﬁ%l?gnFﬁiscﬁagﬁg ng?g uci ng
vi bration the tinme. qf .dehydrati.on, provision qf i front
side surf ac? of l\?vafg}:“fcgr?kly:s ‘hua{:’sanreteend kn(g‘%m,t%(?t %)et(r?‘lefg %Iﬁ%n II(J({JE al ancer

attached to,gtum, 171 o8l.a o, SIriace plg outerotank dndiief & L5 a door

16 for puttrng | aandry”i en viat er’ tank _ outer tank 9 at this
portion, a Q€£59§@dt¥get Q0N RACKI NG Al d S RE OV Heda ARA3WNgRdaoRo byl S
e

cl osed, the Insi of water. 25 tank 3 conmes to be water tight, because of
the dogr  pyiley 7 provided on the rotary axis of driving motor 6 is
operatively coupled to drum pulley 5 by means of a belt 8.
Water tank 3 is held in an outer tank 9. Water tank 3 is
resiliently supported in outer tank 9 by means of a
plurality of tension springs 30 suspended from an internal
10 upper surface of the box of outer body 9. Furthexr, water
tank 3 is held by a plurality of dampers 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 end damper 31.
i5 A fluid balancer 122 is fixed on the pexiphery at a
front surface of drum 171, so as to reduce vibration at
the time of dehydration. As means for reducing vibration
at the time of dehydration, provision of a weight on a
front side surface of water tank 3 has been known, other
20 than fluid balancer attached to drum 171.
At a front surface of cuter 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 onakcdrima elshePtdither bots oshawmr fareigf @1terpadhpexf pfuprter
portions corresponding to those of Figs. 19 and 20 are denoted b t he
sanme ref er 8A0E Ghartder&® SreThedel Wawbi gy nPfat e IFuklt s S ,
detail ed description thereof will 20 not_be repeated xanmpl e shown

in Fig. 21thRaté@sheamids a Nekaitn ehb®yt s8Bpor el 3n1?%§I}EﬁEElBBrP?on of
nch udi ng. AR FE0 ot ST AR 1S BUbOroX AREP ST (158 25 'og 143 i s
fixedson tggmgog%rdgﬁﬁéégkfgnvfgE%ré@fgeé.a%%xther, there are drying
air duct 241 for guiding drying air to water tank 3, a
drying heater 214 provided in drying air duct 241, and a
heat exchanger for 215 for removing moisture arranged on
drying air duct 241. Motor 6, drain valve 19, a water feed
10 valve, not shown, heater 214 and the like are all
controlled by a control cixcuit 118 for controlling
operations in various steps. Further, on an inner
peripheral surface of dxum 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 wiil
20 not be repeated.
In the example shown in Fig. 21, water tank 3 1s
resiliently supﬁorted on the inner portion of outer tank 9
by means of a plurality of antivibration legs 31 each
including a compression spring and a dumper. Antivibration

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




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 perfornmed 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 hbkebolromAsutrifaicet iofe t Haedause Dfobi @s oénkhe, | @undry in
drum 171, vibrating body including drum 171, driving notor 6 and water
tank 3 vi branesyibmdtieductbbrerofist hingeriporsad.on is 20 a problem In the
washer having fluid bal ancer 122 such as shown in Figs. 19 to 21, fluid
bal ancer 122 fun®hisascinvenitdohelll cwiumg wessiresr- d Al gr £ sepée bate amunheof
fluid is sealed in fluid balancer 122. \Wen the nunber of rotation of
drum 171 extekblswange®8nanRee rotati on number, the fluid 25 i nmediatel y

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

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

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

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

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

20 a problem. 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 171 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
wi t hst and tdamsweighimiod 1 dheedr athjuashen- teilencat. t Réutsi ne breft liarstadl | ati on
This is the reason why attenuation of vibration using fluid balancer has
been adopt edheast iane po £f éehaplieattasurens2d Ay fioballkecst epf ofewrgingsanir
heated by heater 214 is fed to drum 171 to drying air duct 241, while the
| aundry i s beurpdtedevied. 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 rotarfomax¢asdergheheebrdo 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 80 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 it can
withstand the weight of the drum washer-drier at the time
of installation. This is the reason why attenuation of
vibration using fluid balancer has been adopted as a
preferable measure.
20 As for the step of drying, air heated by heater 214
is fed to drum 171 to drying air duct 241, while the
laundry is tumbled with the moisture removed by heat
exchanger 215.

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

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




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, $ring 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

|l owering 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 mrensi on csomspémetdi cabiten abnkhé priddudctes amhsitdeominiot lexczese aofcertain
val ue. Therefore, spring constant of spring 30 cannot be set snaller than
a prescribediasl oé bevcadsy oh drhe 1i7d-t . TAecviliraghyn eifbmattisgh témlnak er
tank 3 is 20 transmtted to the washer as a whole with considerable

vi bration transransinagtedr ce, the bRy e oMtest tiardel¥. Shak ates.the the
wor st case, the house would eventually vibrate because of the vibration of
the washer ,Wasletrngs prubPéfs &hrABDEe teRg GnsSALctibn dh= he user. 25

In the drum washer-drier shown in Fig. 21, water tank . .
magnitude of transmitted force at that time 1s 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
constant of tension spring 30. The amount of lowering of

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

20 transmitted to the washer as a whole with 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

i 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 spring 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

vi brations.3 Hoyeyef , 11 prt Bat t6AS€onl8praad .NotrheRkY oird ,t RGRMILSHNG
direction but also in the “shearing direction are inposed on antivibration

rubber 34. tHen viflet iMpPEedeny Bheakage nef cadtdrdy ald aerdsbdersSdiby.
shear | oad, the hardness of antivibration rubber 34 should be extrenely

hi gh. However ,thiid stypereasesshpri, ngheopsaillem 3G ofpxaitid Widatéon sfibber
34. This results in nuch transm ssion force of vibration to the floor.
Japanese Pairarniv ilawya Djepeabbler 36- 158692her opespd eashsenutinorigf. tdie
probl em of the prior art shown in Figs. 19 and 20. Qutline of the
di scl 6sur e wife n] afex espr Pay endbn2bahay bfigabew iNoa t56en 588928 s34hoswn i n Fi g.
22. Referring
reduced to some extent, transmission of vibration of water
tank 3 to outer tank 9 can be reduced. Howevex, 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,

15 load not only in the compressing direction but alsc in the
shearing direction are imposed on antivibration rubber 34.
In order to prevent breakage of antivibration rubber 34 by
shear load, the hardness of antivibration rubber 34 should
be extremely high. However, this increases spring constant

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 disclosuxe 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 sgring 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 fornmed at the

| ower portiton Pigt h22 yppee washbacerdkroutnern udank 0.plurdliigy 22 ate
portions as 15 those shown in Figs. 19 and 20 are denoted by the sane

ref erence chx actepsnddtieffoancki dpnsear poche osamd. arThmpeforelr fetaided
description thereof is not repeated here. As shown in Fig. 22, in this
exanpl e, wanheret ankn® P san@0erebi hagninigy asgppdmnged ga\e inod 7 (2P X tcgipr essi on
spring 708 and suspended fitting 706, and vibration is attenuated by
further praldidialy a Yeweert3p anda kowsspeddiingn f ifdsinges’ 06phixRfl 08, I n
this structure, when the water fed to water tank 3 increases, conpression
spring 708 Watebnprrksdd 25lgragualtigeradd?i £ithednwatidh sisRrsdded certain

amount, the ) _ _
fitting 706 and having an opening through which the lower

end of the rod 704 is slidably inserted; and a compression
spring 708 for preventing vibration fitted between
suspended fitting 706 and spring receiving portion 710 at

10 the lower tip end of rod 704. Rod 704 is supported by an
upper slider 702 at its uppexr 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 1is

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. 1In 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 aemount, 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

wat er 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
vi bration transnitted to the floor cannot be realized. 15 Another problem

related 1o Uhnaly At ddy fher st ep OhmpfEYLRY LBALRS cBVERLL 0RahetRSRRE S

as follows. convent Tt onal drum rier haV|ng | uid bal ancer

122 such as . ghown Jin cﬁﬂéctgﬁ e?gpteﬁnb hsoat 9040kl Wilpondiat ed air

is fed to mater t'ank 3 throuc ng air duct 2 e drum171 is

rotated at gl 53;067% S‘Qn@s;b{odgéé’ nbheghbaypdey iR Ar 4Rak7 oAl i1dH S

time, fluid seal fluid bal ancer 122 rotating about the horizontal
axis is di gleinbyled, id} 41 d; pal aRgeLnd22 bﬁrgggt5b5ug@h+force when the

nunber of rotation exceeds a prescribed nunb 5 inposing load in radial
di rectison t ackbwiad rRalyanceke 128xing constant of spring 708 can be made
smallexr than in the prior art examples shown in Figs. 19
and 20.
In such an example, an isolated and independent
dumpex- 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 floor
cannot be realized.

15 Another problem related to vibration in the step of
drying in the conventional washer is as follows. 1In the
conventional drum washer-drier having fluid balancer 122
such as shown in Figs. 1% 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 1is
distributed in fluid balancer 122 by centrifugal force

when the number of rotation exceeds a prescribed number,

25 imposing load in radial direction to fluid balancer 122,




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
possi ble that fluid balancer 122 may be¢ 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 spacevhsl@rovi dedybetwaenotvke fplowitd dhaldrmerraet idve sped@riperi phery
of the drumfor absorbing swell when fluid balancer 122 swells in the
radi al direbtwponimsosihgt lopdessuféuiisl hetl capmEd €22 ain hgrascriew portion for
fixing. 20 This prevents the screw from becom ng | oose. However, the
proposal ofdiapanese. Patent Layi ng- Open No. 4-332596 still has a problem
to be solved. As is well known, generally, the fluid balancer is formed of
a synthetic reshp, iandedlhbhpPow, addulidr beddybey flotdrelf BP5 3 blni ng and

thermal |y meldiqg oPenings of two annul ar . )
5 formed of a synthetic 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
solutiocn 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. 4-3325%6 still has a problem to be solved. As is well
known, generxally, the fluid balancex 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 drum washer-drier but alsoliin 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 ongrbheesr. esDhaneetwot ahinan anurhelc dve excaedesd natd dhefétand in
fluid balancer still biased at a portion in the peripheral direction,
gener ati ng vhioknedaklse \fichr &xaomplat, titady tmae. haThedet 6eeenict riasedi bffi cul t
to sinply replace the weight by 20 a fluid balancer. Japanese Patent
Layi ng- Opereipan#di2a048amprnoposésdafogolattiicon dfo ddrica e opf erves ndihfex
proposal, the fluid balancer is divided in radial direction, with nutually
di fferent ibRRRUERrefl Ahicos ifdsirsndnomtesTi s ?WE@@ﬁtgﬂthénQSthE@Péogéaled
in each of the divided portion fron1be|Q?
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 drxrum drier.
When the vibration of water tank 3 is to be reduced
10 by using the fluid balancer, there is also the following
problem. Fluid balancer 122 does not function until
rotation numbexr 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 porticn 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. In this proposal, the fluid
balancer is divided in radial direction, with mutually

different inner circulation resistances. This prevents the

25 fluid sealed in each of the divided portion from being




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 functiaz 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 exceeded, for adjusting
bal ance. More specifically, if the inner circulation resistance is too
high, the fluid in fluid bal ancer does not nove fast enough when the
rotation speédseft e cdraumah’ iexceedst hidepeesphaned daotretitarnnumsiserthattaki ng
much tinme in adjusting balance. As a result, considerable vibration is
gener at ed nthe vhéregsomamesr otestdamarnber st SUMVARYDEE THESHNPENFEEN -
Therefore, an object of the present invention is to 20 suppress the
probl em caused byioveneat.i dm dthe Heahimegws ddenydeadi R dag2dSyFeng in a
drum washer-drier, and nore specifically to provide a drumwasher drier
whi ch can BBRSNdelaMpo&msce NA brénd P9 48 anbff t EPRgItBAte ifo e fl oor
generated by _the vibhration of the water tank, which 25 can prev%nt
vi brat?on oflBRE PedénGarsdy be lifted against gravity, quite 1gh a
circulation resistance is necessary. This degrades balance
adjustment function, which is the inherent function of the
fluid balancer. The balance adjusting function refers to
the function of the internal fluid concentrated on the
10 opposite sides of the biased portion causing imbalance
when resonance rotation number is exceeded, for adjusting
balance. More specifically, if the inner circulation
resistance is too high, the fluid in fluid 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 1s 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 present inventionis to provide a
drum washer -dri er which can significanfiBy reduce vibration transmtting
force to the floor caused by the 10 vibration of the water tank and prevent
vibration of the floor itself by further reducing vibration of the water
tank. An additional object of the present inventionis to provide a drum
washer-drier susceptible to reduction in 15 size, which can significantly
reduced vibration transmtting force to the floor caused by vibration of
the water tank andtpeevebtegitbrdt itdre gfradrnt | poventsehf is AroPHer 16Bj ect
of the present invention is to provide a drum washer-drier which can safely
prevent vi bgatkrom wisheg-dirdedr whiesi fgra Fian of bagahd¥r redveei nf | uence by
the change in tenperature. A still further object of the present invention
is to provrdbratdponmtrasssitdiing farcthitch thsadt bac¥ he2rdeat P¥n  axis can
be reduced by using a fluid balancer not 25 influence by change in
tenperatureYlPﬁéFéBV §5f§p§ water tank and to prevent vibratiIon of

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

A still further object of the present invention is to
provide a dxum 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 1is 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 lcocad 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 brati on near resonance rotation nunbéf at the tine 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 nmethod of operating a drum washer-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@uEvANSpeedvilbration cat thepdessri bed nunber of rotation, and
drumvi bration at high speed of rotation during dehydration. The drum
washer -dri er in Zactolbhnterwher ehdepiresdnit hex@nanrght i oW $hct Wdes® a-°
washi ng and drying drumrotating around an approximtely horjzontal axis,
a water tam&Oweri§ o%imRtine BFuﬁPeéﬁtéGPePfténPﬁ%ﬂﬂW%éﬁ%%‘ Stpporting the

wat er tank therein, and. a notor for rotating.the drum_, The t has
a cylindri ¢1iShapEPTi t P RN BPENF RGPS F6Er ﬁg’&aé:r‘qrhé“fr?l%%{ .at\?ﬁ%ﬁ%u{%@t ank

inCIu%eS a%fngéﬁyé¥§%&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 number at the
time of dehydration and vibration at the transition from

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

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

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

The drum washer-drier in accordance with the present

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

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




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 portions fornmed respectively bel ow 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

porti on andyLpenboyer (Rt 0fg ke swishanling.io Atk he dooe bérwashing,
wei ght of tﬂe wat'er tank 1ncreasés as water and the laundry are put in,

and  conpregsLAR HSPLIRG iiny GREY@RsEdhems | hel wed hty of £ thea@0 wat er tank
reaches a preset value, the spring is fully conpressed, and the length

thereof is nEtegQURILESRY iy theyvidewe amter dpmke comesate bé theectly
supported by the suspending rods through support receiving portions,

Spring recegLyiBgnpRAr l}jo@fys, andl the fudd Vi oonpt essege25i cONPE@ssi on springs.
Therefore, the amount of |owering of o
5 suspended downward from the plurality of load receiving
portions and each having a spring receiving portion at &
lower end. The water tank has a plurality of support
receiving portions formed respectively below the plurality
of load receiving portions and having openings through
10 which tip ends of suspending rods pass. The outer tank
further includes a compression spring provided between
each of the support receiving portions and a spring
receiving portion through which the suspending rod is
inserted, and a damper provided between each of the
15 support receiving portion and the lower end of the
suspending rod.

At the time of washing, weight of the water tank
increases as water and the laundxy 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 supported by
the suspending rods through support receiving portiens,

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, spiiéng receiving portions and the
conpressabl 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 the wateer thahk iand ifuirtelterta @ tdeer f4 borvabadivePBHoRENFE, in
order to suppress the anount of vibration transmtted to the floor to be
not nore thaprangcepnaithntalode thas sSmpe Sshican tee bheupenobPe| 8R&FFA§Y0f t he
20 water tank is 30 nm the load of laundry is 5 kg and the water vol une
is 30 literyeomg $maild Med&Ssary to use a spring having a spring constant
of 1.2 Kgf/mm However, according to the present ipvention su rized

5 agge?%Fank.

above, it is poB&ibhe téme mift RSN of¥3 tker + gt b LT
25 Therefore, simlar or higher effect can be obtained. even_ _.

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

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

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

Conventionally, in order to suppress the amount of

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

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

possible to limit the amount of lowexring 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,
spring constant of the spring used can be set to about 0.7 Kgf/mm The
vibration transm ssion force at the tim of dehydration is in proportio
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 level o

the rotation axis of the drum
support

t hem

upper

t he

n

f

the water tank can be supported stably. The
receiving 15 portions may be arranged such that the distance from

t o t heheer ti ezriplaaneviing whalgl déthes eimercaxésant thevpetaryFaris i s
shorter than those between that vertical plane and the plurality of rod
recei vi ng perémpie., Byssudmg drhesngerhent camdi toen$ net¢ nesmolewatd, and
hence cl earance 20 between the support receiving portions arranged neare
to the | owehoper viforthef acieerdd crid teranpterandrke EbpuHecoBASHABASW t h
much room and, on the contrary, the outer tank can be nade smaller.

Pref erabl y, asachesf stigd pihatalthey csmpiREs s $PF¥bid pecfbedpt sl &uatYan

end.
5

10

20

25

The outer tank has a plurality . .
compressed state when the water volume is 20 liter, the

spring constant of the spring used can be set to about 0.7
Kgf/mm.

The vibration transmission force at the time of
dehydration is in proportion to the spring constant.
Therefore, transmission of considerable vibration of the
water tank to the floor can be significantly reduced.

When the support receiving portions are arranged
lower than the level of the rotetion axis of the drum, the
water tank can be supported stably. The support receiving
portions may be arranged such that the distance from them
to the vertical plane including the center axis of the
rotary axis is shorter than those between that vertical
plane and the plurality of rod receiving portions. By such
arrangement, the rod inclines outward, and hence clearance
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

receptacle at an upper end. The outer tenk has a plurality

r



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 from l€wer 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 foerteopanshegar ithgoudir edtiicdn.thkheredorerei inssrnet, néoessdr ptt o
set the hardness of the vibration absorber higher to withstand the
shearing fopeetiand hemecespdnddticoncarhdead feetéireiyg pedutedsbytusi ng

vi bration absorber with small spring 20 constant. According to another
aspect of tWHeeppestaen premiiddmg thee uhman vashercerderthacPudes acdrying
drum fornmed_of nmetal which is rotatable about a prescribed axis, having
front and reafhsff 4B8s PARERG itthe CdxilPashdr 4R W@ S EIPLEI APCOBERFNG at

t he frfnt sur{ace, and a not or ) . .
a load receiving member having an copening through which

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

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

In this structure, even when the water tank vibrates,
only the force in compressing direction acts 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
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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 an 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 bal ancer 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 widdyax plerylddypbDédrest angukatabel esdisTheTheuidubahascer nmay
have a plurality of convex portions to be fitted in the rectangul ar hol es,
formed at pasid-dsdnspadrgespondhagingoatheutect angelanl lholees iomdmhe out er
side surface thereof. 20 By fitting the convex portions in the rectangul ar
hol es, theifdeyiad bamhcerbaecanohesfirkedeonfvheedr am ileastsiarpltdie manner A
plurality of ribs may be formed on the front surface which faces outward
when the flfgichthalwrioere ier e freeedsiniepe. grbowedrWiernasherdaaaers
rotated during ) )
5 further includes a ring-shaped fluid balancer inserted in
the groove such that its outer side surface is supported
by the cuter and inner walls.
During drying, it is possible that the fluid balancer
formed of synthetic resin is heated to a higher
10 temperature for drying and may possibly be deformed.
However, in the present structure, the outer side surface
of the fluid balancer is reinforced by the sidewalls of
the groove formed in the metal drum, and hence deformation
of the fluid balancer is prevented.
15 The outer sidewall of the drum grocove may be provided
with a plurality of rectangular holes. The fluid balancer
may have a plurality of convex portions to be fitted in
the rectangular holes, formed at positions corresponding
to the rectangular holes on the outer side surface thereof.
20 By fitting the convex portions in the rectangular holes,
the fluid balancer can be fixed on the drum in a4simple
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
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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 thez2bluid 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

anot her ajsrtaq;mq, te s e5EPE pAYENHEOR, fahhe amel hahdfgaperatéedigot he drum
washer-drier includes, after washing or rinsing, the step of |ow speed
rotati on ighaMiaxh ddieldotioe dsumonhdokhed f3udla thadtarideer drims s  rot at ed
for a prescribed tine period at a rotation speed 20 higher than critical
rotation speedeftinhe défvdnbaiancef tardfllowdr Hslamade resonance rotation
speed caused by resilient support, and after the drumis rotated for a
prescribed time Her ieatof heher ésuitibbdlporari awyspes® sute st f high
speed rotation in which the nmotor is 25 controlled such that the drumis
rotat 8d at tat can be inserted in the groove with a space from the
drum, a plurality of projections may be formed on the
outer side surface, the inner side surface and the bottom
surface of the fluid balancer, and the fluid balancer may
be fixed in the groove of the drum with a space formed
10 between the drum and the fluid balancer. The drum and the
fluid balancer contact only at the projections, and there
is space between these at other portions. Therefore, heat
transmitted from the metal drum to the fluid balancer
formed of synthetic resin can be reduced.
15 ' According to another aspect of the present inventicn,
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 rescnance 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 tkza 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 prvdegentisé@dhagd theatesanapeed dat idvhysheadiorcan be passed

snoothly. As for the prescribed rotation speed for this purpose, a
plurality of difAeremn tohatbondepeadatiay, bevsedrecired;he arehk oer to
hi gher ones of the selected rotation speeds 20 may be sel ected so that the
rotation spiedireddt hend | thd dbahaneeroistgdaduald yi awnoreesed. L Then
distribution of the fluid in the fluid balancer changes gradually and the
fluid bal arcemglmcit ons gpadual bydeThépeor@nghen dundie 1stidpe ogdrum.
increasing the rotation speed of the drum 25 vibration of the drumcan be
suppr @ssed At this time, the fluid in the fluid balancer is biased to
the lower side because of gravity. Thereafter, drum 1is
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 centrifugel force.
Therefore, large vibration near the resonance rotation
15 speed is not generated and the resonance rotation speed
can be passed smoothly.
As for the prescribed rotation speed for this purpose,
a plurality of different rotation speeds may be selected,
and lower to higher ones of the selected rotation speeds
20 may be selected so that the rotation speed of the fluid
balancer is gradually 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 higher
than a prescribed value or not nay be determ ned before the start of the
hi gh 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 2determ ned. 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 owi ng detail ed
description of thevipresepn isewnenti oaywien prakeimdd Tonfudct# AT WEEAXt he
acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. | is a cross

section of af dthen dashewadhieer dirn ex20 wvicddredarnde vile teat 29 rée lefbsdi ment .
Fig. 2 is a cross section along the front surface of the drum washer-drier
of the firsthenbbliracaon Eegso? is Righess WEct i DrPHRSEREPSF uXFOPEtRE drum
washer-drier in accordance with the first enbodinment, 25 Fig. 4 isdan

enl arged crogs @@Etbgndgﬁegmgg@ﬁtbefore the start of the high spee

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

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

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

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

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

20 accordance with a first embodiment.

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

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

25 Fig. 4 is an enlarged cross section of support




23 receiving portion and danper portion of the drumwasher drier in
accordance with the first enbodinent. Fig. 5 is an enlarged cross section
of a | oad receiving portion of the drum washer-drier in accordance 5 with
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 c bl ock diagramof a control 1Q circuit for the drum washer-drier
in accordance with the first enbodi mert® 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 quid balancer Fig 11 is a flow chart show ng
control f|OM/Of .t he fg%ﬁ i n_acco ggnﬁe %ﬂth a s%cond
enbodi ment . * SEF§Y 118 P?r lé?b h FPSH d?oﬁ HPUnPhasAer SGPMer 3PRE: "

accor dance gﬁ&h a.third embodi ment., Fig. glréé 8 grass _section taken al ong

in CCO nce 1t 1Mmen
the front ur Facdof “& “dHim Was er- i er accordance Wth a fourth 25
ermbodi ment . Fig. 5 is an enlarged cxross section of a leoad

receiving portion of the drum washex-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
embod;ment.

Fig. 7 is a schematic block diagram of a control

10 circuit foxr the drum washer-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 accordance with
the first embodiment.

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

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

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

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

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

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

25 embodiment.



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 drumof 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. is Fig. 19 is a cross
section of a first exanple of a conventional drumdrier. Fig. 20 is a
cross section taken al.gng the front_ surface o e first t he
convent i onal druﬁﬁ9wa§ﬁegsdﬁQﬂ€A%ﬁf%§%ic%ff%sg%égk%ésége%?%gﬁpﬁgiga al ong
the front surface of a_secaond ex . h ventien d

washer - dri eF SCErg 1782 5P §05}§§§1§§£ ?§ﬁ$ng§ﬁ9§?gﬁg %ﬁe@¢$o%$9%surface of

a third exaggg%e%td&qgrcqu%£§é§¥ﬁgnégluﬁfigaamp§p@ﬁ'gﬁb@éiment-

Fig. 15 is a cross section of the drum of & drum

5 washer-drier in accordance with a sixth embodiment.

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

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

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

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

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

Fig. 20 is a cross section taken along the front
surface of the first example of the conventional drum
washer-drier.

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

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

25 washer-drier.




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. | to 10. The drum washer-drier is also one formof a
drumdrier. Referring to Figs. 1 and 2, the washer includes a drum!|
havi ng a nunber of small holes 2 contagsing and rotating |aundry, and a
water tank 3 for holding water and 10 enclosing drum 1. Water tank 3 has a
hol I ow cylindrical shape and at the central portion on a rear surface
thereof, an approxinmately horizontal rotary axis 4 is rotatably
supported with one end fixed at the center of the bottom surface of drum
1. At the other end of rotary axis 4, a 15 drumpulley 5 is fixed. On the
| oner surfaepscfimetey dRNMKHE 3SPRBFERREDNGMBODAMEITISS attached. A notor

pulley 7 is attached to the tip end of rotary axis of driving notor 6,
and notor pul | ey Fimsd Ehilka pubhey 5 are operatively coupled by neans of a
belt 8. 20 Drum 1, water tank 3 and notor 6 constitute a vibrating body.
The vi brating baly embodsiénentfytheugpomt edsberadrxoerofirarmaamtanceank 9 in
the following nmanner. On an inner upper surface of the box of outer tank
9, a pluraMityr ofhe quk et vimgepobitnoasd8aesihedpiodvicgetat2®rA plurality of
suspendi ng rods 10 are suspended fromthe
5 therefor will be described with reference to Figs. 1 to 10.
The drum washer-drier is also one form of a drum drier.
Referring to Figs. 1 and 2, the washer includes a drum 1
having a number of small holes 2 containing and rotating
lzundry, 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 porticn on a rear surface thereof,
an approximately horizontal rotary axis 4 is rotatably
supported with one end fixed at the center of the bottom
surface of drum 1. At the other end of rotary axis 4, a
15 drum pulley 5 is fixed. On the lower surface of water tank
3, a driving motoxr 6 is attached. A motor pulley 7 is
attached to the tip end of rotary axis of driving motor 6,
and motor pulley 7 and drum pulley 5 are operatively
coupled by means of a belt 8.
20 Drum 1, water tank 3 and motor 6 constitute a
vibrating body. The vibrating body is resiliently
supported on a box of an outer tank 9 in the following
manner. On an inner upper surface cof 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 Ilater 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&{1ggi?is_geggegognger'%ii\)iin%ny%&i%oﬁ’edré%?é)y{g‘r,eg?nk The At

the | ower eh n-of “suspending ro re is ovi ded a danper- 15

whi ch genefsfc?écmagt Egnroa;eéie%temg?l&a%&ﬁg&pw 6581 PSP Hgr 1edis 20

expanded/ conpr esse ferring to anper 15 includes a danper

sl eeve 15a yhigh Basysuchedshared haly. encl peeswsnnieng tiRCaiaidg fROTK i on
11 and conpression spring 12 and inserted to the | ower end portion of

suspendi ng gog,d05,L8bek Retiphard g difs SPT iy P6s 1ecenyi hgwportion 11
is slidably in contact with the inner
5 than the central axis at front and rear portions on
opposing sides, through which lower ends of suspending
rods 10 pass. Referring to Fig. 4, at the lower end of
suspending xrod 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 recelving
portion 11 with compression spring 12 inserted
15 therebetween, water tank 3 is suspended and resiliently
suppeorted in ocuter 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 peripheral 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/ conpressed, 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 outer tank 9 at this portion, a
bel | ows shaped door packing 17 10 is pr%@ided. When door 16 is closed,
water tank 3 becones water tight, because of the door packing 117. At an
upper portion in the box of outer tank 9, a control circuit 18 for
controlling operation in various steps is provided. 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 time of dehydratjon by this valve.
There are IS¥FLEEE R t grmdsot tOE VR f e of CUHEBIsO ofY out®rtP8&nk 9, and
the washer as a whole is supported on the floor. Referring tq FL%. 2, a
plurality of WIS DU SRB VD0 prdvi Hee BReE heCTRRAEF SEBri pREFH I %ur f ace of
drum 1. At an _.upper portion of water tank 3, there is_prqvided a

vi bration séﬁﬁﬁ”ﬁ§§Q%;l%kﬂ%ﬁﬁ§?ﬁf i PP EIERR B?eméPB?rtﬁﬁE*agg & ucture of

vibration sepnsor 80 will be described |ater. 25 shown in Eig. 2, the
space betwe (ﬁ%eeve 15a ané the outer perxrip eraT eage of %rrlhg

5 receiving portion 11.

Again referring to Fig. 1, at the front surface of
the box of outer tank 9, there is provided a doox 16 for
putting in the laundry. Between the water tank 3 and outex
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
foer controlling operation 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 cf the box of ocuter 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 B0 for detecting vibration of water tank
3. Structuxe of vibration sensor 80 will be described
later.

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




RIS,
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
suspendi ng rods 10 are vertical. Accordingly, 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 drumbetebmihg, pardivmsbady wWhienand eavedt uadn dehe, framd i i s forned
by joining these components. Drumlid Ic has a circular opening 50 forned
at the centshoragd mhaantnbeadigreove BEtweenrearwlincecdividg spgrooves 51, a
fluid 20 balancer 32 is fitted such that at least its inner and outer
peri pheri esSér e2anéh beghe sumpgodiwgt rodse 19 dere sindlaceedfbyraovendle Fl uid
bal ancer 32 is fixed on drum| by neans of screw 52 fromthe outer
peri pheral &l Frespecharantbe 3erfscalhdiremtamiul aBPebody of @fndd it
synthetic 25 resin, with fluid sealed therein. A plurality of small
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.
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 eix 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 1c,
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 porticéns 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 suspentes 25aardfoesield emt ithesyppoitied:a Vi bid¢ i sor feaasnift tedmi n
each of the steps of washing, rinsing and dehydration can be suppressed
and, in addPedvnlbvi bfartler of babfrest dikale proslifdeshrs hanssuppressed.
Referring to Fig. 5, structure of the rod receiving 20 portion 84 will be
descri bed i#Pgreater dangrl sife shefager Wforfmim roelly etlei ¢Fhg- pdition 84,
on the |l ower side at an upper portion of the body of outer tank 9, there
is formed a hol F8iepsitBokOpFéPEct ilng@dovnwdrte Ria heP?oHt ipBCEE Vi ng

porti .85 is arranged therein. Between rod 25 receiving portion 85 and
out er % ank TPRPEFeTEEeiving portion 13 provided at watér tank 3 can

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

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




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 absorber 322 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 85. There is not a shearing force acting on vibration absorber 15
22. Therefoviebratibs pbssirbee £4d felrecid lodw Irasbherbodrad dnesisef omoid br at i on
absorber 22. For exanple, even if it is necessary to use a material having
rubber har diedsreoéi9dh@ mwheheshéar emg fvoriom tactrs adrs arlbeat 2 dnhabsor ber 22,
in the present enbodiment a material having rubber 20 hardness of about

40' C may becpsetngit hantd anyepr 6bhé&md aSiswcdas reat erpetimgvahgthew rubber
hardness can be used for vibration absorber 22, vibration transmtted from
wat er tank SPEERRPBALINENROTLESR -bed shEgRisPBaREFY lr 8@dcEGCIRETEYS A to
Fig. 6, vibration sensor 80 includes a 25 case 104, a piezoel ectric device
101 aﬁfangé@%?ﬂc%%eaQOHPper end of suspending rod 10 1s inserted

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 member B85.
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 rubbexr hardness
of 90°C when shearing force acts on vibration absorber 22,
in the present embodiment a materxrial having rubber
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 senscr 80 includes a

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




31 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 t ude depends on vibration of water tank 3. Referring to Fig. 7,
control circuit 18 includes a notor dr3¥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 Only Menory) 124 storing a programfor controlling
vari ous 15 &tepsgbt WEdheng exeputied By 3CPUWEAGhtand Zary IRAM {FRandbrascess
Menory) used as working area by CPU 120. Control circuit 18 operates in
the sim| arl@hnkeregasoadesaroritdontlala tdefprferatRE nedMod3 of @BBef &t i on
itself is known. Therefore, details thereof is not repeated. Control 20
particul ar ti%heipeesERigBfbelrmist Biidsehd HeNG ibEEEC TR Qi th
reference to_Fi%. 8. Referrin% to Fi%. 9, fluid bal ancer @3 i's éo med_of
an annul ar Byt %%?EFFégiﬂ?Vé § LAl @e@%%?%nﬁ%HSpﬁkﬁ?ph ry ¥ A Fhner
peri phery 92, 2,8 PELL 20 "BIDSLOF 030 LRt PR Ve LOM 1 D0SE, peg i Phery
which magnitude depends on vibration of water tank 3.
Referring to Fig. 7, contrxol circuit 18 includes a
motor driver 130 for driving motor 6, vibration senscor B0,
a heater driving portion 210 for driving a heater 24, a
10 drain valve driving portion 130 for driving drain valve 193,
a water feed valve driving portion 13 for driving a water
feed valve, not shown, a CPU 120 connected to a buzzexr 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 similaxr manner as a common
control computer and method of operation itself is known.
Therefore, details thereof is not repeated. Control
20 particular to the present embodiment will be described
later with reference to Fig. 8.
Referring to Fig. 9, fluid balancer 32 is formed of

an annular synthetic resin, and includes an outer

periphery 91, an inner periphery 92, a section member 94

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




32 such as salt solution sealed in a space between inner wall 92 and outer
wall 91. The drum washer-drier in accordance with the first enbodi nent

operates in the followi ng manner. Referring to 5 Figs. | 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 prescrid@ed level. At this tine, weight of
water tank 3 increases as the water is fed, 10 and conpression spring 12
(see Fig. 4) is gradually conpressed. Wien 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 $8@8 28, s3dtt padvtticdossalmst Fura Hepatoweetwapeninherwae i
reaches a prescribed Ilevel, water feeding term nates. Thereafter, washing
by tunbling?id PePEbefedady PFdt-ating drum1l at a | ow speed. Then water is
drained fromwater tank 3 by opening drain 20 valve 19, water is fed again
and rinsing i s pePPofFEd PASIERedTafE dhf&c ARG vt byPe ufbFFhg.

Dehydration_is perfornmed by drainin ter fromwater tank 3 by. opening
drain val veerilﬁ?gjr%?af'i HBEH\F/’Gr%SI 15t tg‘em%iogl}oé‘b’é&j R RRRt BREGT 'angfetrﬁ)ved

oy Cery Tl TugRl 101 C8ndoa 1" GB0NS 6! 24N hn e hrd e M EL, ' B THEE PSR {R8oved

drum 1. Thereafter, through water feed valve (not shown),
water is fed to water tank 3. Filling of‘water is
continued until water reaches a prescribed level. At this
time, weight of water tank 3 increases as the water is fed,

10 and compression spring 12 (see Fig. 4) is gradually
compressed. When a prescribed amount of compression, that
is, prescribed amount of lowering of water tank 3 (for
example, 20 mm) is reached, compression spring 12 reaches
the fully compressed state, and thereafter water tank 3 is

15 directly supported by suspending rods 10, so that it does
not further lower. When the water reaches a prescribed
level, water feeding terminates. Thereafter, washing by
tumbling is performed by rotating drum 1 at a low speed.
Then water is drained from water tank 3 by opening drain

20 valve 19, water is fed again and rinsing is performed in
the same manner as washing, by tumbling.

Dehydration is performed by draining water from water

tank 3 by opening drain valve 19, rotating drum 1 at a
high speed so that water is removed by centrifugal force

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




33 fromthe drum| 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, druml 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, hi¢gl3 speed rotation for dehydration is
started. However, in the present enbodi nent, the operation is not 10

i mredi ately switched to the high speed rotation. Mdre specifically, first,
druml 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)frgRekbeodsumt Roddiroflali ¢med 4 hdled d? . balrander BXEjent
concentrated in the gravity direction as shown in Fig. 9 while the drumis
rotating at®Torspesd. i rotstépmapntmali eHOIwm di si§ i bex farmedabying al ong
the periphery of fluid balancer 32 as shown in Fig. 10 during 20

prescri bed 9%%%%?5ncﬂﬁcgﬂéplf44ﬁ Ther dfodrlew s gHeRr - r St o Heed can
be snoot hly_ excegded ana Sfter the resonance rotation speed i s exceeded,
the fluid s $n "PRE FPOVETHALLRC Stehhd LUt al Fheer WheYahss

vi brati on of er tank.3 can be suppressed. 25 Thereafter, whether the
valueiﬁ \MEﬁ%#?%niFn EPine%, drum lp%s rotated at a low speed (for

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

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

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

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

25 Thereafter, whether the value of vibration input




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 reéturns to step 142, and rotation of
druml1l 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 rotation speed
but 15 al so-hWipeahi vahboktienesengek 3 Oatishiggie sSheedthaon a2 i pneganibgeé
suppressed. Feature of the drum washer-drier in accordance with the
present enbtdii¥Rn®xanothést desesmigeldydridton ifl lthef @eatifsrtast el idfed.

At the time of dehydration, water 20 tank 3 vibrates to sone extent because
of the biad"%h h+aiy3ﬁaryhapb\ﬂe@éﬁ,scmbteﬁeV@rlés%mtd%oﬂdih%n%9t%?€ra*fank 3

Lg suspendﬁﬂgggq rgsiligntly s%gporyed by sgéﬁfndhﬂg rod 10 and _

conpr essi o i 9292, (EQFt R&p! %ﬁrlﬁg SO TS ) of _Gaﬁiiéﬁgf%ﬁ spring 12

| S sely sMldsnPEREEOLS A2 1RARAT STt Un R R0 | snYel sl Ter
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. In this manner,

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

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

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

20 tank 3 vibrates to some extent because of the bias in
laundry. However, in the present embodiment, water tank 3
is suspended and resiliently supporfed 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 beconmes snmall as it is alleviated by

vi bration absorber 22 and outer tank 9 General vibration transm ssion to
the floor is made snaller than the prrér art exanples, and therefore 10
vibration of the floor can be prevented. In the step of drying, drying air
is heated and circulated by drying heater 214 arranged in drying air duct
241, so that noisture in the laundry is evaporated. The evaporated water
is renoved by heat exchanger 215. At 15 this tinme, drum1l is rotated at a

| ow speed so that undry i.s unlfornL at ed, and dry

a
facilitated9mPR* Fﬂewéﬁgvéhﬁe EFFBE@ tperé%F& G % step g% dtying, hot
air C|rculates %?tﬁghﬁéﬁmmr %f Egﬁkgiﬁggﬁyﬁnﬂ%@#tu|d %é“igw9§| geéf32

arranged in Rt are ea al ancer

formed of sgn%getlc re§| » 1iot %§b§%ﬁﬁ%ﬁﬁ¢ﬂ%&%ﬁﬁ%t@@dt%t?hétEﬁBB?SS | owers.

However, as “P'RA8F and outer “peripheries o ancer 32 are

tightly fit.yn, fq regmse{;l 15%@9%%&1%6& Wi g foui d bakanedr«32 is,

as a result, F eI orced 57the innér wall of groove 51 on dridm 1, and as
a secquly path including damper 15, suspending rod 10 and outer tank

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

10 . vibration of the floor can be prevented.

In the step of drying, drying air is heated and
circulated by drying heater 214 arranged in drying air
duct 241, so that moisture in the laundry is evaporated.
The evaporated 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 operxation, in the step of
drying, hot air circulates in water tank 3. Therefcre,
drum 1 and fluid balancer 32 arranged in water tank 3 are

20 also 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
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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
nunber of rotation to the inner surfaceééof 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 , reatét ,t ank c3mes tsuspersded gl vesi ITihentd forsuppide f @edndyion
suspendi ng rods suspended from an upper portion in the box of outer tank
9. Furthergfaftonpr bsdiconesprinng shemadhdsnabhesprr ngutenstante2@ni the

i nt erposed between the support receiving portion and the spring receiving
portion. Theaeieikedizecthent iantiolt amshivil hwtarcennk23cf#s Pexedly hel d
at a prescribed height, and during dehydration, it is resiliently
supported DYEERENEBAPressi on spring. Since spring constant 25 of

conpression spring can be set at a snmall value, its
5 Heére, the force acting on fluid kalancer 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 1is
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 snal
spring constant may be used for vibrai’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 snmooth, 15 and
vi brati on rfexce esbnaneesmbtainonvsbeeticanofe vasgpprtesded tRurther,
vibration sensor is provided and operation is switched to the high speed
oper ati on Wisidmetnries vidhadranion wat sexvaskad lat Fhetpegscrsibed
rotati on speed is not higher than a prescribed value. 20 Therefore,
vi brati on a24FHH-aPeetl b FotBENBAdcandahsddbdy SusHEasEeE THE het, drum
3is fornmed of netal, and the fluid balancer fornmed of synthetic resin is
fit in a groQFt G RFEOPYF uht 3PXA¥EAeEhatobher TP6 iHSIFEH i brti on of the
25 bal_ancer quported by the || surface of the qrun1groove.
5 poxtion receives only the compression load Since

vibration absorber 22 does not receive any shearing force,

a material having small spring constant may be used for

vibration absorber 22. Therefore, the amount of vibration

transmitted outward can further be reduced.

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

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

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

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

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

25 balancer supported by the wall surface of the drum groove.
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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 resilienB&support of water tank 3,

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

i nprovenent of drum and fluid bal ancer structures are conbined, and a drum
washer-drier in a nost preferable formis inplenented. 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
Enbodi nment |CFngegienshyws efvieowvwdferc driter dl1uind thhel steprofis dehyddatoa in
accordance with the second enbodi nent of the present invention. The
structure ofighetbupdrateref d20¢ idurwasiger -fdrd ezxdmpbéf ang Be or may not
be the sane as the first enbodinment. O the flow chart shown in Fig. 11,
steps simlgynthetifosesen themingwtdiearfil sitovrelandey. cemes thehpvest
enbodi nent are denoted by the sane reference characters. 25 Therefore,

det ai | ed dekerept FbhifRersef dedorpptiopestiedhe fluid balancer can be

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 fluvid 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 1is

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 hardware of

20 drum washer-drier itself may be or may not be the same as
the first embodiment.

0Of 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
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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 diBbBerent rotation speeds are selected
as prescribed rotation speeds, and rotation of the drumis perforned
successively selecting 10 the rotation speed starting fromthe | owest
rotation speed to higher rotation speed. Exanples of the plurality of
prescribed rotation speeds may include 100, 130, and 160 rpm Referring to
Fig. 11, in step 164, the prescribed 15 rotation speed is set to the n-th
prescri bed hatat i dthe speed. chere, oftFig.asdsduned ftehat fidven ithiad abf vialldie of n
is 1 and the maxi mumvalue of nis N Wen nis 1, the rotation speed is
t he | owest,8 aiml tkathetapnBdr pf Figredses udmlamathonstpeedl bécontds
hi gher, and highest 20 rotation speed is reached when n-N. However, any
rotation sheedi®rbihgn=A1lto Mpie speetfedatdybe i gher dmah wadekriti cal
rotation speed but |ower than the resonance rotation speed caused b{
resilient <UpiRFtin|acspepanes, vathethgr gmcend eehed Beebr 21 pf 8ERRFbed
25 tinme period at n-th prescribed rotation speed,_it is .
5 from the first embodiment in which only one rotation speed
is selected as the prescribed rotation speed for the
process of step 144, a plurality of different rotation
speeds are selected as prescribed rotation speeds, and
rotation of the drum is performed successively selecting
10 the rotation speed starting from the lowest rotation speed
to higher rotation speed. Examples of the plurezlity of
prescribed rotation speeds may include 100, 130, and 160
Ipm.
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 1is
1 and the maximum value of n is N. When n is 1, the
rotation speed is the lowest, and as the numbexr 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
gradually fromlower to higher rotatid® speeds, fluid in fluid balancer 32
is distributed snoothly 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
rotation nayeberstiaetedhethewherqudirationtiod maaireumtankud Bt alif n
prescribed rotation speed (n=N) is smaller than a predeterm ned prescribed
val ue. By sishnoopenatilono wiher ataxdmuef welws N ank Bs caddbe sappresded not
only at the resonance rotation speed but also at a high 20 speed rotation,
as in the fihgt penbedisnert stepThitrdd iEnbediawiad . THE dr wawRlshere drier in
accordance with the third enbodi nent of the present invention will be
descri bed vir@himpef gpdnee N, o thieg 10w prHscdadnttyievepflihe @P8m washer 25
drier is the same as that of Fig. 2 of the first _

5 similar processes as in the first embodiment follows.

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

10 prescribed rotation speed with n=N is reached, fluid
balancer 32 is ready to fully exhibit its function, and
even at a rotation speed lower than the resonance rotation
speed, vibration of water tank 3 can be suppressed. In the
second embodiment 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 6 in left and
right directions of suspending rod 10, there 1is a prescribed angle of
rotation (x in the front end rear direcations 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 snaller than the
distance in front end rear directions of support receiving portions 84. 15
Except thi sepocdimenhe simutigrelidf tvheiwashicogpomemuse fior doconglane® with
the third enbodinment is the sane as that of the first enbodi nent.

Theref ore, debnitsonheenebri §0netre wepddtest.fdm i Weshing nachine in
accordance with the third 20 enbodinent, the water tank is resiliently
supported by suBhendrny wedhed-dmdesonpr essiaardaprd it theevhiyd
direction, that is, left, right, front end rear. Therefore, vibration of
the water temMROBimgntedacelarpatemierd AN WHits i rispendsn@othfctedsary

to set_ spring constant of 25 conpression spring 12 at_ a high val ue.
Ther efore, therenjaddition to the prescribed angle of incdrnation 6

in left and right directions of suspending rod 10, there
is a prescribed angle of rotation o in the front end rear
directions of suspending rod 10 for attachment, as shown
in Fig. 5. Namely, suspending rods 10 are attached

10 inclined both in the left and right and front end rear
directicons of the washing machine. Therefore, the space in
the front and rear directions of the support receiving
portion 13 is selected to be smaller than the distance in
front end rear directions of support receiving portions 84.

15 Except this point, the structure of the washing machine in
accordance with the third embodiment 1s the same as that
of the first embodiment. Therefore, details thereof is not
repeated.

In the washing machine in accordance with the third

20 embodiment, the water tank is resiliently supported by
suspending rod 10 and compression spring 12 in every
direction, that is, left, right, front end rear. Therefore,
vibration of the 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 ment, 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) ofizthe 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 BSotnat peskeblilang rihght ndidtectionst cam be vrdRsmswBkHer .
Meanwhi |l e, the effect of reducing vibration is not affected at this tine.
Therefore, in ac¢BodanteEwbbldiz@rithie washi ng machi ne of the fourth
enbodi ment, the washing nachine as a whole can be nade conpact while
mai ntai ni ng theFéffedt af reduced wilmvatifors dihis washértdtésr in
installation of the washing machine in a systemkitchen, for exanple. 25
(Fifth Enbod¢eerndynce 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 pecint, the washing machine of Fig.
10 13 is similar to the washing machine of the first
embodiment. Therefore, detailed description is not
repeated. 1In 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 % 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 enbodi nent, in place of danper 15 shown in Fig.
4, a danper 110 is provided which has an 10 openi ng t hrough whi ch
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 sliding resistance by sliding between the_o i | edge
of the spring reégﬁvi d potti%o :ﬁf%ﬁcﬁékf ?ﬁ%rt%%r?%ﬁégéT g%%%gggﬁgf
suspendi ng rod, 10 _have descri bed. . Hovever ;s d er,:gen ting
sliding 20 P8§F§P§n2§ Fggﬁgvet Q?Wﬂ1%f 5b ionf¥ o%neggﬁ% e,ﬁggdgﬁggreﬁé
utilizing visgous _resi nge o | ui : an, Aty damel; ndtd d d i in
tenporariIy&?gbﬁlgpgﬁdz%%gﬁr n§§%§% égga}%%fsggfﬁjﬁﬂbodiﬁ%% )ﬂ%%E?fﬁﬂﬁn

vasher - dr 1 &1 B ASHOLaNGS, Wil A Sl dho Qi RO FENEndl Linbeegesssi bed

with reference
5 corresponding portions of the washing machine in

accordance with the first embodiment.

Referring to Fig. 14, in the washing machine in
accordance with the fifth embodiment, in place of damper
15 shown in Fig. 4, a damper 110 is provided which has an

10 opening through which suspending rod 10 is inserted, and
generating sliding resistance between the outexr perxipheral
surface of suspending rod 10 and the inner peripheral
surface of the opening. The damper . 110 also provides the
same effect as the first embediment.

15 Both in the first and fifth embodiments, dampers
generating sliding resistance by sliding between the outer
peripheral edge of the spring receiving porticn 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. For exeample, a damper
utilizing viscous resistance of a fluid, or an air damper
utilizing temporarily repulsion cf air may be used.

[Sixth Embodiment]
The drum washer-drier in accordance with & 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 a44agroove 355 is fornmed 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 1¥HalaneerwdsReorddium 301chbecause iQfe@gsentdd diymof the
center of gravity of the drum However, as the flui bal ancer 332 is fixed

on drum botRedfe30ileg tberngnent,canumbgonude MRl lderum Thestedorér i bration
of drum 301 and hence vibration of water tank 3 can be reduced. 20
(Sevent h Edwzadimbatge Refehrthg toxEhgemb6d itnlea td rfuwmmess lefr -ndgti @ i n
accordance with the seventh enbodi nent is characterized by the nethod of
fixing fluilhddaldawer d8emohodyuif ik, hemifgga nbbedr v ol Yo1alehd drum
lid 401c correspond to drum 25 body |Ib and drumlid Ic of the first
enboditnment ovireimed on its outer periphery, a drum bottom 30la on
which a horizontal rotary axis 4, is fixed and 1id 301lc
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 1is
rotatably supported at one end on the surface of dxum
bottom 30la by rotary axis 4. Therefore, the further the
center of gravity of rotation from the drum bottom 301a,
the larger the moment on rotary axis 4 caused by fluid
15 balancer 332 or drum 301, because of eccentricity of the
center of gravity of the drum. However, as the fluid
balancer 332 is fixed on drum bottom 30la, the moment can
be made smaller. Therefore, vibration of drum 301 and
hence vibration of water tank 3 can be reduced.
20 [Seventh Embodiment]
Referring to Fig. 16, the drum washer-drier in
accordance with the seventh embodiment is characterized by
the method of fixing fluid balancer 432 on drum 41. 1In Fig.

16, drum body 40la and drum lid 40lc correspond to drum

25 body 1b and drum 1lid lc 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 rectanguiar holes 461 are fornmed. On the
outer periphery of fluid balancer 432, convex portions 462 are forned, 10
corresponding to the plurality of rectangular holes 461. Wen fluid

bal ancer 432 is fit 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 baligncey. 432 rthdr xath ahdramdPlper Thhérair 6t ¥penas arygf f ect
that fluid balancer 432 can be fixed by quite sinple a structure. [Ei ghth

Enbodi nent | 1Ref éricng 4 ogfdgve 1751t he feahureadbng dhemceashen 20 drder in
accordance with an ei ghth enbodi nent of the present invention will be
descri bed. @hius Westhi regndrethi e ba bachar acser hzed iky etdhe nnegtrlaed: ofs sfii xi ng
fluid balancer 502 on drum 501. Drum 501, drum body 502b, drumlid 501c
and groove 8%$1ishde ififEy. edodoremspond to drum 1, drum 25 body 1b, drum
lid 1c_and groove 51 of the first enbodi nent
5 The drum washer-drier in accordance with the seventh
empodiment is characterized by the following. On the outer
wall of groove 451 formed on drum lid 401c, 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. Thexefore, movement
of fluid balancer 432 in the axial direction of drum 401
15 is regulated, and fluid balancer 432 is fixed on drum 401.
This structure has an effect that fluid balancer 432 can
be fixed by quite simple a structure.
[Eighth Embodiment])
Referring to Fig. 17, the feature of a drum washer-
20 drier in accordance with an eighth embodiment of the
present invention will be described. This washing machine
is characterized by the method of fixing fluid balancer
502 on drum 501. Drum 501, drum body 501b, drum lid 501c

and groove 511 shown in Fig. 17 correspond to drum 1, drum

25 body 1b, drum lid 1lc¢ 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 contacig 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 balancer 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 Enbodinent) Fig. 18 is a perspective view of a drum 601

in the drumneasherndrigr 3n agranfances ik, tJHQ Hhﬂ%h &?t’fﬁ@d's%” e0f the

present invention. The drum 601 rmay be used mbi he *Che drum
washer - dr i e xinfe RaHOr 4lapee; i/\él hshheakbbr st tfqu%gh?; ts,,ppove.
Referring to Fig. 18, drum has a nunber of ﬁ es 2 t e?earound,

and fluid bahancerr eaeaodwumaigiﬂ@méeaaedth@ Bb?e%@np@utﬂr%&r.uwgii%ht
portion. On a surface of fluid balancer 632 opposite to the drum 601,
plurality 2&fofthd bsilo 77 havd ngeldst dei ghthatnaag thenaxilali divLacddcn of
5 502 is inserted in groove 551, fluid balancer 502 is fixed
stably.

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

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

15 [Ninth Embodiment]

Fig. 18 is a perspective view of a drum 601 in the
drum washer-drier in accordance with the ninth embodiment
of the present inventicn. 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 1lid 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 | and gwter 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 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 Wat is clainmed

is: 1. A nmedhorl eDigperat wiaitd dwAasher-£iiLer apebudipg aaqwashing and
drying drumrotating about an approximately horizontal axis, a fluid

bal ancer rothitkgesst agbakl ¥ hei e Sgirk UM i ré W R ak@nkoenehosimg said
drum an outer tank resiliently supporting said water tank 49
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
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.



therein, 'a notor driving said drum and a control circuit for controlling
said drum for rotating said drumto dry laundry by software control by
said control circuit, said nethod conprising a | ow speed rotation step in
which said notor is controlled such that said drumis rotated at a
prescribed rotation speed higher than critical rotation speed of said
fluid bal ancer and | ower than resonancé8rotation speed generated by
resilient support for a prescribed tinme period, and a step of high speed
rotation in which said notor is controlled such that after said drumis
rotated for said 3! .tinme period at said prescribed rotation speed,
said drumis rotgggéﬁig&ggggzdeternined prescribed high rotation speed for
dehydration. 2. The method of operating a drum washer-drier according to
claim1 , further conprising: after said step of | ow speed rotation and
before said step of high speed rotation, the step of controlling said
not or such that said drumis rotated for a prescribed tine period at a
rotation speed higher than said prescribed rotation speed of said drumin
said lowrotation speed step and |ower than the resonance rotation speed
generated 50

. A method of operating a drum washer-drier
including

a washing and drying drum rotating about an
approximately horizontal axis,

a fluid balancer rotating integrally with said drum,

a water tank enclosing said drum,

an outer tank resiliently supporting said water tank
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by said resilient support. 3. The nethod of operating a drum washer-drier
according to claim2 , wherein said drum washer-drier further includes a

vi bration sensor attached on said water tank, said nmethod further
conprising the steps of determning, prior to start of said high speed
rotation step, whether a value detected by said vibration sensor is not

| ower than a predeterm ned val ue or not®? and det erm ni ng whet her said high
speed rotation step is to be started or control is to be returned to said
| ow speed rotation step, in accordance with result of said determ nation.
4. The nmethod of operating a drum washer-drier according to claiml |,
wherein a plurality of different rotation speeds each being higher than
said critical rotation speed of said fluid balancer and | ower than the
resonance robatedn,speed generated by said resilient support are selected
in advance, and said step of |ow speed rotation includes the step of
control | i ng sai danmpgersyohivtireg swidl ddrum #8drot ated at a prescribed tine
period by selecting 51 | owest rotation speed of said plurality of different

rotati on speeds;a control circuit for controlling said drum,” for

rotating said drum to dry laundry by software control by
said control circuit, said method comprising

& low speed rotation step in which said motor is
controlled such that said drum is rotated at a prescribed
rotation speed higher than critical rotation speed of said
fluid balancer and lower than resonance rotation speed
generated by resilient support for & prescribed time
period, and

a step of high speed rotation in which said motor is
controlled such that after said drum is rotated for said
prescribed time period at said prescribed rotation speed,

ted at a predetexmined prescribed high

[a}]

said drum is rot

rotation speed for dehydration.

2. The method of operating a drum washer-drier

according to claim 1 , further comprising:

after said step of low speed rotation and before said
step of high speed rotation, the step of controlling said
motor such that said drum is rotated fox a p;escribed time
period at a rotation speed higher than said prescribed
rotation speed of said drum in said low rotation speed

step and lower than the resonance rotation speed generated
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next stage of rotation in which said notor is controlled such that said
drumis rotated for a prescribed tine period by selecting a rotation speed
i mredi ately higher than the rotation speed selected in the |ast step; and
repeating said next stage of rotation until the step in which drumis
rotated at the highest rotation speed of said plurality of different
rotation speeds is conpleted. 5. The né#hod of operating a drum
washer-drier according to claim4, wherein said drumwasher-drier further
includes a vibration sensor attached on said water tank, said nethod
further conprising the steps of determning, prior to start of said high
speed rotation step, whether a value detected by said vibration sensor is
not | ower than a predeterm ned val ue or not; and determ ning whet her said
hi gh speed otatidnrstepirst sepperst-arted or control is to be returned to
said low speed rotation step, in accordance with result of said

determ nation. 6. The nethod of operating a drum washer-drier 52 according

to claim1, mherejn said drum washer-drier further |nclqges g V|brat|on
sensor attached on salle iegehod apk, operating a drum was Tl

according to claim 2 , wherein

said drum washer-drier further includes a vibration
sensor attached on said water tank,

said method further comprising the steps of

determining, prior to start of said high speed
rotation step, whether a value detected by said vibration
sensor is not lower than a predetermined value or not; and

determining whether said high speed rotation step is
to be started or control is to be returned to said low
speed rotation step, in accordance with result of said

determination.

4. The method of operating a drum washer-drier
according to claim 1, wherein

a plurality of different rotation speeds each being
higher than said critical rotation speed of said fluid
balancer and lower than the resonance rotation speed
generated by said resilient support are selected in
advance, and

said step of low speed rotaticn includes

the step of controlling said motor such that said

drum is rotated at a prescribed time period by selecting
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said nethod further conprising the steps of determning, prior to start of
said high speed rotation step, whether a value detected by said vibration
sensor is not |ower than a predeterm ned val ue or not; and determ ning

whet her said high speed rotation step is to be started or control is to be
returned to said ow speed rotation steF, I n accordance with result of
said determnination. 5

lowest rotation speed of said plurality of different
rotation speeds;

next stage of rotation in which said motox is
controlled such that said drum is rotated for a prescribed
time period by selecting a rotation speed immediately
higher than the rotation speed selected in the last step;
and

repeating said next stage of rotation until the step
in which drum is xotated at the highest rotation speed of

said plurality of different rotation speeds is completed.

5. The method of operating a drum washer-drier
according to claim 4, wherein

csaid drum washer-drier further includes a vibration
sensor attached on sald water tank,

said method further comprising the steps of

determining, prior to start of said high speed
rotation step, whether a value detected by said vibration
sensor is not lower than a predetermined value or not; and

determining whether said high speed rotation step is
to be started or control is to be returned to said low

speed rotation step, in accordance with result of said

determination.

6. The method of operating a drum washer-drier
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according to claim 1, wherein

said drum washer-drier further includes a vibration
sensor attached on said water tank,

said method further comprising the steps of

determining, prior to start of said high speed
rotation step, whether a value detected by said vibration
sensor is not lower than a predetermined value or not; and

determining whether said high speed rotation step is
to be started or control is to be returned to said low
speed rotation step, in accordance with result of said

determination.



