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TITLE OF THE INVENTION 

Drum Washer-Drier which Reduces Vibration to Floor 

and Operating Method Ther~of 

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 performed 

by the single drum. 

Structure of a conventional drum washer-drier will be 

20 described in the following. Figs. 19 and 20 show a first 

example of the prior art. Referring to Figs. 19 and 20, 

the conventional drum washer-drier includes a drum 171 

having a number of small holes 2 for receiving and 

rotating laundry, and a water tank 3 enclosing drum 171. 

25 At the central portion of water tank 3, a horizontal 
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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 drum pulley 5 is fixed. A driving motor 6 is 

attached to the lower surface of water tank 3, and a motor 

5 pulley 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. Further, water 

tank 3 is held by a plurality of dumpers 31 provided 

between the lower portion thereof and an inner bottom of 

external box of outer tank 9. Vibration of water tank 3 is 

attenuated by tension spring 30 and dumper 31. 

15 A fluid balancer 122 is fixed on the periphery at ~ 

front surface of drum 171, so as to reduce vibration at 

the time of dehydration. As means for reducing vibration 

at the time of dehydration, provision of a weight on a 

front side surface of water tank 3 has been known, other 

20 than fluid balancer attached to drum 171. 

At a front surface of outer tank 9, there is a door 

16 for putting laundry in. Between water tank 3 and outer 

tank 9 at this portion, a bellows type door packing 17 is 

provided and when door 16 is closed, the inside of water 

25 tank 3 comes to be water tight, because of the door 
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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 time 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 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 cir9uit 118 for controlling 

operations in various steps. Further, on an inner 

peripheral surface of drum 171, there is provided a buffer 

21 for tumbling, which will be described later. 

15 Another example of a conventional drum washer-drier 

is shown in Fig. 21. In this figure, portions 

corresponding to those of Figs. 19 and 20 are denoted by 

the same reference characters. These have similar 

functions~ Therefore, detailed description thereof will 

20 not be repeated. 

In the example shown in Fig. 21, water tank 3 is 

resiliently supported on the inner portion of outer tank. 9 

by means of a plurality of antivibration legs 31 each 

including a compression spring and a dumper. Antivibration 

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

driving motor 6. Laundry in drum 171 is lift up by a 

baffle 21 by the rotation of drum 171 and falls by the 

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 about the horizontal rotary axis, water in 

15 the laundry is removed by centrifugal force, and the water 

is further removed out from drum 171 through small holes 2. 

At that time, because of bias of the laundry in drum 171, 

vibrating body including drum 171, driving motor 6 and 

water tank 3 vibrates, and reduction of this vibration is 

20 a problem. In the washer having fluid balancer 122 such as 

shown in Figs. 19 to 21, fluid balancer 122 functions in 

the· following manner. A prescribed amount of fluid is 

sealed in fluid balancer 122. When the number of rotation 

of drum 171 exceeds a resonance rotation number, the fluid 

25 immediately moves. to the other side of the biased portion 
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causing imbalance, adjusting balance. Thus vibration at 

the time of dehydration caused by-imbalance of laundry can 

be prevented. 

For washers which do 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 

~aundry 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, 
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sometimes, water tank 3 vibrates considerably because of 

bias of laundry in drum 171. The vibration of water tank 3 

is transmitted to the body of outer tank 9, that is, the 

washer as a whole, through tension springs 30. The 

5 magnitude of transmitted force at that time is in 

proportion to spring constant of tension springs 30. In 

order to reduce vibration transmitted to the washer as a 

hole, spring constant of tension spring 30 should_ be made 

smaller. However, spring constant of tension spring 30 has 

10 the following restriction. 

When water is held in water tank 3, water tank 3 

lowers against tensile force of tension spring 30. The 

amount of lowering is in inverse proportion to the spring 

constant of tension spring 30. The amount of lowering of 

15 water tank 3 is limited because of the dimension or 

specification of the product, and it cannot exceed a 

certain value. Therefore, spring constant of spring 30 

cannot be set smaller than a prescribed value because of 

the limit. Accordingly, vibration of water tank 3 is 

20 transmitted to the washer as a whole with considerable 

vibration transmitting force, so that the floor itself 

vibrates. In the worst case, the house would eventually 

vibrate because of the vibration of the washer, causing 

problems of noise and dissatisfaction of the user. 

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

the limit imposed by the spring constant of tension spring. 

In this type of washer, the problem is spring constant of 

antivibration rubber 34. In the example shown in Fig. 21, 

5 when the spring constant of antivibration rubber 34 is 

reduced to some extent, transmission of vibration of water 

tank 3 to outer tank 9 can be reduced. However, the spring 

constant of antivibration rubber 34 has the following 

restriction. 

10 In the example shown in Fig. 21, when vibration is 

caused by bias of laundry, water tank 3 vibrates not only 

in the upper and lower directions but also left and right 

as well as front and rear directions. Antivibration rubber 

34 prevents all these vibrations. However, in that case, 

15. load not only in the compressing direction but also in the 

shearing direction are imposed on antivibration rubber 34. 

In order to prevent breakage of antivibration rubber 34 by 

shear load, the hardness of antivibration rubber 34 should 

be extremely high. However, this increases spring constant 

20 of antivibration rubber 34. This results in much 

transmission force of vibration to the floor. 

Japanese Patent Laying-Open No. 56-158692 proposes a 

solution of the problem of the prior art shown in Figs. 19 

and 20. Outline of the disclosure of Japanese·Patent 

25 Laying-Open No. 56-158692 is shown in Fig. 22. Referring 
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to Fig. 22, the washer-drier includes a plurality of rods 

704 suspended from a lower 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 having an opening through which the lower 

end of the rod 704 is slidably inserted; and a compression 

spring 708 for preventing vibration fitted between 

suspended fitting 706 and spring receiving portion 710 at 

10 the lower tip end of rod 704. Rod 704 is supported by an 

upper slider 702 at its upper end, which upper slider has 

a spherical portion conforming to a corner plate having a 

spherical portion formed at the lower portion of the upper 

surface of outer tank 9. In Fig. 22, same portions as 

15 those shown in Figs. 19 and 20 are denoted by the same 

reference characters. The functions are the same. 

Therefore, detailed description thereof is not repeated 

here. 

As shown in Fig. 22, in this example, water tank 3 is 

20 resiliently supported by rod 704, compression spring 708 

and suspended fitting 706, and vibration is attenuated by 

further providing a damper 31 at a lower portion, besides 

spring 708. In this structure, when the water fed to water 

tank 3 increases, compression spring 708 is compressed 

25 gradually, and if the water exceeds a certain amount, the 
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spring attains fully compressed state. At that time, water 

tank 3 is directly supported by rod 704 and suspended 

fitting 706, and it does not go lower than that position, 

even when spring 708 has small spring constant. 

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

smaller than in the prior art examples shown in Figs. 19 

and 20. 

In such an example, an isolated and independent 

dumper 31 is provided between water tank 3 and inner 

10 bottom of outer tank 9. Therefore, vibration of water tank 

3 is transmitted to outer tank 9 through the dumper, 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. In the 

conventional drum washer-drier having fluid balancer 122 

such as shown in Figs. 19 and 20, in the step of drying, 

heated air is fed to water tank 3 through drying air duct 

20 241 while drum 171 is rotated at a low speed, so as to dry 

the laundry in drum 171. At this time, fluid sealed in 

fluid balancer 122 rotating about the horizontal axis is 

distributed in fluid balancer 122 by centrifugal force 

when the number of rotation exceeds a prescribed number, 

25 imposing load in radial direction to fluid balancer 122, 
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while it stay at a lower portion when rotation speed is 

low, imposing load on fluid balancer 122 in gravity 

direction. 

As is well known, fluid balancer 122 is generally 

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 swel~ing 

pressure of fluid sealed in fluid balancer 122. 

Japanese Patent Laying-Open No. 4-332596 proposes a 

solution of this problem. Here, a fixing boss extending in 

15 radial direction only is provided on fluid balancer 122, 

and a space is provided between the fluid balancer and the 

outer periphery of the drum for absorbing swell when fluid 

balancer 122 swells in the radial direction, so that 

pressure is not applied to the screw portion for fixing. 

20 This prevents the screw -from becoming loose. 

However, the proposal of Japanese Patent Laying-Open 

No. 4-332596 still has a problem to be solved. As is well 

known, generally, the fluid balancer is formed of a 

synthetic resin, and a hollow annular body is formed by 

25 joining and thermally welding openings of two annular 
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grooves. These two annular concave grooves have different 

thicknesses, for example, they may have different rates of 

expansion. Amount of deformation of concave grooves differ 

because of the different rates of expansion, and therefore 

5 there is a stress at the welded portion, promoting 

breakage of the fluid balancer. This problem is 

encountered not only in the drum washer-drier but also in 

a drum dr ie·r. 

When the vibration of water tank 3 is to be reduced 

10 by using the fluid balancer, there is also the following 

problem. Fluid balancer 122 does not function until 

rotation number of drum 171 exceeds the resonance rotation 

number, because of its operation characteristic. Therefore, 

in the washer-drier of the type in which drum 171 rotates 

15 horizontally, in the initial _stage of dehydration, the 

resonance rotation number is exceeded with the fluid in 

fluid balancer still biased at a portion in the peripheral 

direction, generating a formidable vibration at that time. 

Therefore, it is difficult to simply replace the weight by 

20 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 
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biased at one portion in the peripheral direction, so that 

the vibration near reso~ance rotation number is suppressed. 

However, in the technique discl·osed in Japanese 

Patent Laying-Open No. 4-240488, for the fluid in the 

5 fluid balancer to be lifted against gravity, quite high a 

circulation resistance is necessary. This degrades 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 is to 

20 suppress the problem caused by vibration at the time of 

dehydration and drying in a drum washer-drier, and more 

specifically, to provide a drum-washer drier which can 

considerably reduce vibration transmitting force to the 

floor generated by the vibration of the water tank, which 

25 can prevent vibration of the floor itself. 
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Another object of the present invention is to provide 

a drum washer~drier which can significantly reduce 

vibration transmitting 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 invention is to 

provide a drum washer-drier which can significantly reduce 

vibration transmitting force to the floor caused by the 

10 vibration of the water tank and prevent vibration of the 

floor itself by further reduci~g vibration of the water 

tank. 

An additional object of the present invention is to 

provide a drum washer-drier susceptible to reduction in 

15 size, which can significantly reduced vibration 

transmitting force to the floor caused by vibration of the 

water tank and prevent vibration of the floor itself. 

Another object of the present invention is to provide 

a drum washer-drier which can safely prevent vibration of 

20 the drum using a fluid balancer, not influence by the 

change in temperature. 

A still further object of the present invention is to 

provide a drum washer~drier in which load on the rotation 

axis can be reduced by using a fluid balancer not 

25 · influence by change in temperature, thereby safely 
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preventing vibration of the drum. 

A still further object of the present invention is to 

provide a method of operation of a drum washer-drier by 

which vibration near resonance rotation number at the time 

5 of dehydration can be reduced. 

A still further object of the present invention is to 

provide a method of operating a drum washer-drier which 

can reduce vibration near resonance rotation number at the 

time of dehydration and vibration at the transition from 

10 low speed rotation to a high speed rotation at a 

prescribed number of rotation. 

A still further object of the present invention is to 

provide a method of operating a drum washer-drier which 

can reduce drum vibration near resonance rotation number 

15 at the time of dehydration, drum vibration at the 

transition from low speed rotation to high speed rotation 

at a prescribed number of rotation, and drum vibration at 

high speed of rotation during dehydration. 

The drum washer-drier in accordance with the present 

20 invention includes a washing and drying drum rotating 

around an approximately horizontal axis, a water tank 

enclosing the drum, an outer tank resiliently supporting 

the water tank therein, and a motor for rotating the drum. 

The water tank has a cylindrical shape with an opening 

25 formed at the front. The outer tank includes an outer body 
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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 from the plurality of load receiving 

portions and each having a spring receiving portion at a 

lower end. The water tank has a plurality of support 

receiving portions fornied 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 dumper provided between each of the 

15 support receiving portion and the lower end of the 

suspending rod. 

At the time of washing, weight of the water tank 

increases as water and the laundry are put in, and 

compression spring is compressed. When the weight of the 

20 water tank reaches a preset value, the spring is fully 

compressed, and the length thereof is not compressed 

further. The water tank comes to be directly supported by 

the suspending rods through support receiving portions, 

spring receiving portions and the fully compressed 

25 compression springs. Therefore, the amount of lowering of 
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the water tank is limited to a certain value, and hence 

spring constant of the compression spring can be selected 

to a small value. 

At the time of dehydration, water is drained and the 

5 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 of the compression spring and suppress 

15 vibration transmitted through resilient support to the 

outer tank and further to the floor. 

Conventionally, in order to suppress the amount of 

vibration transmitted to the floor to be not more than a 

certain value, assuming that the amount of lowering of the 

20 water tank is 30 mm, the load of laundry is 5 kg and the 

water volume is 30 liter/mm, it is necessary to use a 

spring having a spring constant of 1.2 Kgf/mm. However, 

according to the present invention summarized above, it is 

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

25 Therefore, similar or higher effect can be obtained even 
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when a spring having smaller spring constant is used. For 

example, assuming that other conditions are similar to 

those of the conventional example and various conditions 

are set such that the compression spring reaches the fully 

5 compressed state when -the water volume is 20 liter, the 

spring constant of the spring used can be set to about 0.7 

Kgf/mm. 

The vibration transmission force at the time of 

dehydration is in proportion to the spring constant. 

10 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 rotation axis of the drum, the 

water tank can be supported stably. The support receiving 

15 portions may be arranged such that the distance from them 

to the vertical plane including the center axis of the 

rotary axis is shorter than those between that vertical 

plane and the plurality of rod receiving portions. By such 

arrangement, the rod inclines ·outward, and hence clearance 

20 between the support receiving portions a_rranged nearer to 

the lower portion of the rod and the outer tank can be 

ensured with much room and, on the contrary, the outer 

tank can be made smaller. 

Preferably, each of the plurality of rods has a rod 

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

- 17 -

1ii!f 1iiiIT!i1Mf 



ID;:..• .. 

of openings through which the rods are inserted, formed at 

portions corresponding to the rod receiving portions at 

the portion providing the upper surface of the outer box. 

Each of the plurality of load receiving portions includes 

5 a load receiving member having an opening through which 

the rod is inserted, arranged at the opening position of 

the upper surf ace 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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operatively coupled to the rotary axis. The drum has a 

ring-shaped groove having an outer sidewall, an inner 

sidewall and a bottom surface, formed at least on the 

front surface or the rear surface. The drum washer-drier 

5 further includes a ring-shaped fluid balancer inserted in 

the groove such that its outer side surface is supported 

by the outer and inner walls. 

During drying, it is possible that the fluid balancer 

formed of synthetic resin is heated to a higher 

10 temperature for drying and may possibly be deformed. 

However, in the present structu_re, 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 groove may be provided 

with a plurality of rectangular holes. The fluid balancer 

may have a plurality of convex portions to be fitted in 

the rectangular holes, formed at positions corresponding 

to the rectangular holes on the outer side surface thereof. 

20 By fitting the convex portions in the rectangular holes, 

the fluid balancer can be fixed on the drum in a simple 

manner. 

A plurality of ribs may be formed on the front 

surface which faces outward when the fluid balancer is 

25 fitted in the groove. When the drum is rotated during 
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drying, these ribs provide a fan, and wind generated by 

the fan cools the drum and the fluid balancer, thus 

preventing deformation of the fluid balancer. 

The body of the fluid balancer may have such a size 

5 that can be inserted in the groove with a space from the 

drum, a plurality of projections may be formed on the 

outer side surface, the inner side surface and the bottom 

surface of the fluid balancer, and the fluid balancer may 

be fixed in the groove of the drum with a space formed 

10 between the drum and the fluid balancer. The drum and the 

fluid balancer contact only at the projections, and there 

is space between these at other portions. Therefore, heat 

transmitted from the metal drum to the fluid balancer 

formed of synthetic resin can be reduced. 

15 According to another aspect of the present invention, 

the method of operating the drum washer-drier includes, 

after washing or rinsing, the step of low speed rotation 

in which the motor is controlled such that the drum is 

rotated for a prescribed time period at a rotation speed 

20 higher than critical rotation speed of the fluid balancer 

and lower than the resonance rotation speed caused by 

resilient support, and after the drum is rotated for a 

prescribed time period at the prescribed rotation speed, 

the step of high speed rotation in which the motor is 

25 controlled such that the drum is rotated at a 

1iilmur 
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predetermined high rotation speed for dehydration. 

At the time of dehydration, water in the tank is 

drained, and the drum is rotated at a low speed, for 

example at 55 rpm in order to untangle laundry in the drum. 

5 At this time, the fluid in the fluid balancer is biased to 

the lower side because of gravity. Thereafter, drum is 

rotated at a prescribed rotation speed which is higher 

than the critical rotation speed, for example, about 65 

rpm but lower than the resonance rotation speed, that is, 

10 250 rpm. Namely, the drum is rotated at about 160 rpm, for 

example. At this time, the fluid in the fluid balancer is 

not biased but distributed as a ring in the 

circumferential direction, because of centrifugal force. 

Therefore, large vibration near the resonance rotation 

15 speed is not generated and the 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. 
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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 may be determined before the start of the high speed 

5 rotation step, and in accordance with the result of 

determination, whether to start the high speed rotation 

step or to return to the low speed rotation step may be 

determined. Only when the vibration of drum at a 

prescribed rotation speed is lower than a prescribed value 

10 before transition to the high speed rotation, high speed 

rotation starts. Therefore, drum vibration at high speed 

rotation can also be suppressed. 

The foregoing and other objects, features, aspects and 

advantages of the present invention will become more 

15 apparent from the following detailed description of the 

present invention when taken in conjunction with the 

accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross section of a drum washer-drier in 

20 accordance with a first embodiment. 

25 

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. 

Fig. 4 is an enlarged cross section of support 
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receiving portion and dumper portion of the drum washer­

drier in accordance with the first embodiment. 

Fig. 5 is an enlarged cross section of a load 

receiving portion of the drum washer-drier in accordance 

5 with the first embodiment. 

Fig. 6 is a cross section of a vibration sensor of 

the drum washer-drier in accordance with the first 

embodiment. 

Fig. 7 is a schematic block diagram of a control 

10 circuit for the drum washer-drier in accordance with the 

first embodiment. 

Fig. 8 is a flow chart showing control at the time of 

dehydration of the drum washer-drier in accordance with 

the first embodiment. 

15 Fig. 9 is a cross section taken along the front 

surface of a fluid balancer. 

Fig. 10 is a cross section taken along the front 

surface of the fluid balancer. 

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

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

Fig. 12 is a cross section of a drum washer-drier in 

accordance with a third embodiment. 

Fig. 13 is a cross section taken along the front 

surface of a drum washer-drier in accordance with a fourth 

25 embodiment. 
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Fig. 14 is an enlarged cross section of the support 

receiving portion and the dumper portion of the drum 

washer-drier in accordance with a fifth embodiment. 

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

5 washer-drier in accordance with a sixth embodiment. 

Fig. 16 is an enlarged cross section of an outer 

peripheral portion of the drum of the drum washer-drier in 

accordance with a seventh embodiment. 

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

10 fluid balancer of the drum washer-drier in accordance with 

an eighth embodiment. 

15 

20 

Fig. 18 is a perspective view of the drum and the 

fluid balancer of the drum washer-drier in accordance with 

a ninth embodiment. 

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. 

Fig. 21 is a cross section taken along the front 

surf ace 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. 

-
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[First Embodiment) 

By embodiment of the drum washer-drier in accordance 

with the present invention and method of operation 

5 therefor will be described with reference to Figs. 1 to 10. 

The drum washer-drier is also one form of a drum drier. 

Referring to Figs. 1 and 2, the washer includes a drum 1 

having a number of small holes 2 containing and rotating 

laundry, and a water tank 3 for holding water and 

10 enclosing drum 1. Water tank 3 has a hollow cylindrical 

shape and at the central porti~n on a rear surface thereof, 

an approximately horizontal rotary axis 4 is rotatably 

supported with one end fixed at the center of the bottom 

surface of drum 1. At the other end of rotary axis 4, a 

15 drum pulley 5 is fixed. On the lower surface of water tank 

3, a driving motor 6 is attached. A motor pulley 7 is 

attached to the tip end of rotary axis of driving motor 6, 

and motor pulley 7 and drum pulley 5 are operatively 

coupled by means of a belt 8. 

20 Drum 1, water tank 3 and motor 6 constitute a 

vibrating body. The vibrating body is resiliently 

supported on a box of an outer tank 9 in the following 

manner. On an inner upper surface of the box of outer tank 

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

25 A plurality of suspending rods 10 are suspended from the 
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plurality of rod receiving portions 84, respectively. The 

structure of rod receiving portion 84 will be described 

later with reference to Fig. 5. Meanwhile, the water tank 

3 has support receiving portions 13 at positions lower 

5 than the central axis at front and rear portions on 

opposing sides, through which lower ends of suspending 

rods 10 pass. Referring to Fig. 4, at the lower end of 

suspending rod 10 passing through and projecting downward 

from the support receiving portion 13, a spring receiving 

10 portion 11 is fixed. To the suspending rod 10 ·between 

support receiving portion 13 and spring receiving portion 

11, a compression spring 12 is inserted. As the support 

receiving portion 13 is supported by spring receiving 

portion 11 with compression spring 12 inserted 

15 therebetween, water tank 3 is suspended and resiliently 

supported in outer tank 9. 

At the lower end portion of suspending rod 10, there 

is provided a dumper 15 which generates friction 

resistance as the compression spring 12 is 

20 expanded/compressed. Referring to Fig. 4, dumper 15 

includes a dumper 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 
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surface of dumper sleeve 15a. Consequently, as the 

compression spring 12 is expanded/compressed, friction 

resistance is generated between the inner surface of 

dumper sleeve 15a and the outer peripheral edge of spring 

5 receiving portion 11. 

Again referring to Fig. 1, at the front surface of 

the box of outer tank 9, there is provided a door 16 for 

putting in the laundry. Between the water tank 3 and outer 

tank 9 at this portion, a bellows shaped door packing 17 

10 is provided. When door 16 is closed, water tank 3 becomes 

water tight, because of the door packing 117. At an upper 

portion in the box of outer tank 9, a control circuit 18 

for controlling 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 legs 20 at the bottom surface of the box of outer tank 

9, and the washer as a whole is supported on the floor. 

Referring to Fig. 2, a plurality of baffles 21 are 

20 provided on the inner peripheral surface of drum 1. At an 

upper portion of water tank 3, there is provided a 

vibration sensor 80 for detecting vibration of water tank 

3. Structure of vibration sensor 80 will be described 

later. 

25 As shown in Fig. 2, the space between support 
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receiving portions 13 when viewed from the front is 

shorter than the distance between rod receiving portions 

84, and hence suspending rods 10 are inclined by an angle 

8 with respect to the vertical direction. Because of this 

5 inclination, a clearance X between the support receiving 

portion 13 and the box of the outer tank 9 can be selected 

smaller than when the suspending rods 10 are vertical. 

Accordingly, the size of the washer as a whole can be 

reduced. 

10 

15 

As shown in Fig. 1, there are a drying air duct 241 

for guiding drying air to water tank 3, a d~ying heater 

214 arranged in drying air duct 241, and a heat exchanger 

215 for removing moisture arranged in drying air duct 241. 

In Fig. 2, these elements are omitted for simplicity. 

Referring to Fig. 3, drum 1 includes components such 

as metal drum bottom la, a drum body lb and a drum lid le, 

and it is formed by joining these components. Drum lid le 

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· 
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holes 2 are formed on the peripheral side surface of drum 

body lb. Further, baffles 21 are provided as mentioned 

above, on inner side ·surface of drum body lb (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 

·with this embodiment, the support receiving portions 13 

are provided at the central position A of rotary axis 4 or 

lower than that. The position of center of gravity of the 

10 vibrating body constituted by water tank 3, drum 1 and 

driving motor 6 would be lower than the level A of the 

center of rotary axis 4 in this structure. Therefore, w~en 

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 84, on the lower side at 

an upper portion of the body of outer tank 9, there is 

formed a hollow portion projecting downward, and the rod 

receiving portion 85 is arranged therein. Between rod 

25 receiving portion 85 and outer tank 9, there is a 
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vibration absorber 22 formed of low rebound rubber mold. 

Rod receiving member 85 and vibration absorber 22 have 

openings, and outer tank 9· also has an opening at the 

corresponding portion. A hemispherical rod receptacle 23 

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

through and supported by the rod receiving member and 

vibration absorber 22 and received. 

As vibration absor~er 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 85. 

There is not a shearing force acting on vibration absorber 

15 22. Therefore, it is possible to select low rubber 

hardness for vibration absorber 22. For example, even if 

it is necessary to use a material having rubber hardness 

of 90°C when shearing force acts on vibration absorber 22, 

in the present embodiment a material having 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 sensor 80 includes a 

25 case 104, a piezoelectric device 101 arranged in case 104, 
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a weight 102 and a spring 103. Weight 102 vibrates in case 

104 in accordance with vibration of water tank 3, and at 

this time, weight 102 is biased in the direction to 

piezoelectric device 101 by means of spring 103, and hence 

5 piezoelectric device 101 generates an electric signal of 

which magnitude depends on vibration of water tank 3. 

Referring to Fig. 7, control circuit 18 incl'udes a 

motor driver 130 for driving motor 6, vibration sensor 80, 

a heater driving portion 210 for driving a heater 24, a 

10 drain valve driving portion 130 for driving drain valve 19, 

a water feed valve driving por~ion 13 for driving a water 

feed valve, not shown, a CPU 120 connected to a buzzer 128, 

an operation panel 122 connected to CPU 120, an ROM (Read 

Only Memory) 124 storing a program for controlling various 

15 steps of washing executed by CPU 120, and an RAM (Random 

Access Memory) used as working area by CPU 120. Control 

circuit 18 operates in the similar manner as a common 

control computer and method of operation itself is known. 

Therefore, details thereof is not repeated. Control 

20 particular to the present embodiment will be described 

later with reference to Fig. 8. 

Referring to Fig. 9, fluid balancer 32 is formed of 

an annular synthetic resin, and includes an outer 

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

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

embodiment operates in the following manner. Referring to 

5 Figs. 1 and 2, door 16 is opened and laundry is put in the 

drum 1. Thereafter, through water feed valve (not shown), 

water is fed to water tank 3. Filling of water is 

continued until water reaches a prescribed level. At this 

time, weight of water tank 3 increases as the water is fed, 

10 and compression spring 12 (see Fig. 4) is gradually 

compressed. When a prescribed amount of compression, that 

is, prescribed ~mount 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 i.s 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 

: 



from the drum 1 through small holes 2. In the present 

embodiment, rotation control of drum 1 is performed by 

control circuit 18 in the following manner. Referring to 

Fig. 8, when dehydration step 140 starts, water in water 

5 tan~ 3 is drained, drum 1 is rotated at a low speed {for 

example 55 rpm) to entangle clothes in drum 1, and 

tumbling is performed (142). Then, as shown in step 142, 

high speed rotation for dehydration is started. However, 

in the present embodiment, the operation is not 

10 ~mmediately switched to the high speed rotation. More 

specifically, first, drum 1 is rotated at a prescribed of 

rotation speed (for example 160 rpm) which is higher than 

a critical rotation speed but lower than the resonance 

rotation speed for a prescribed time period (for example, 

15 15 sec.) (144). Therefore, though fluid 93 in fluid 

balancer 32 is concentrated in the gravity direction as 

shown in Fig. 9 while the drum is rotating at low speed in 

step 142, fluid 93 is distributed as a ring along the 

periphery of fluid balancer 32 as shown in Fig. 10 during 

20 prescribed rotation in step 144. Therefore, resonance 

rotation speed can be smoothly exceeded, and after the 

resonance rotation speed is exceeded, the fluid moves in 

the fluid balancer and adjusts ba~ance, whereby vibration 

of water tank 3 can be suppressed. 

25 Thereafter, whether the value of vibration input 
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through vibration sensor 80 is smaller than a prescribed 

value or not is determined (146). If the detected value is 

not higher than a prescribed value, drum 1 is rotated at 

high speed (for example, at 100 rpm), so that water 

5 contained in the laundry is removed through small holes 2 

and dehydrated (148). If the value of vibration detected 

in step 146 is higher than the prescribed value, the flow 

returns to step 142, and rotation of 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 supported by suspending rod 

10 and compression spring 12. Further, spring constant of 

compression spring 12 is set small. Therefore, 

25 transmission force of vibration is much smaller as 

1ii1ii~f 
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compared with the prior art. Further, since dumper 15 

exhibiting dumper function is provided at the lower end of 

suspending rod 10, vibration transmitted to the floor 

through dumper 15 is not direct but indirect, through a 

5 path including dumper 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 l is rotated at a low speed so that the 

laundry is uniformly heated, and drying is facilitated. 

In the above described operation, in the step of 

drying, hot air circulates in water tank 3. Therefore, 

drum 1 and fluid balancer 32 arranged in water tank 3 are 

20 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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result, it comes to have rigidity. Therefore, deformation 

of fluid balancer 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 balancer 32 refers to 

the load applied by the fluid sealed in fluid balancer 32 

rotating about the horizontal axis exceeding a prescribed 

number of rotation to the inner surf ace of fluid balancer 

32 in radial outer direction as the fluid is diffused in 

10 fluid balancer 32 by centrifugal force, or the load 

applied by the fluid in the gravity direction as it is 

concentrated at a lower portion of fluid balancer 32 when 

fluid balancer 32 rotates at a low speed or when it is 

stopped. 

15 As described above, in the drum washer-drier in 

accordance with the first embodiment, water tank 3 is 

suspended and resiliently supported by suspending rods 

suspended from an upper portion in the box of outer tank 9. 

Further, a compression spring having small spring constant 

20 is interposed between the support receiving portion and 

the spring receiving portion. Therefore, at the time of 

washing, water tank 3 is fixedly held at a prescribed 

height, and during dehydration, it is resiliently 

supported by the compression spring. Since spring constant 

25 of compression spring can be set at a small value, its 
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force of transmitting vibration of water tank 3 to the 

outside during dehydration is very small.· Further, since 

water tank 3 is suspended and held by suspending rods 10, 

vibration absorber 22 provided at the rod receiving 

5 portion 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 prescri~ed 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 prescrib~d 

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 synth_etic resin is fit in a groove 

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

25 balancer supported by the wall surface of the drum groove. 
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Consequently, even when the fluid balancer is heated to a 

high temperature during drying, for example, and a 

synthetic resin forming the fluid balancer comes to have 

lower stiffness, deformation of the 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 fluid balancer structures are 

combined, and a drum washer-drier in a most preferable 

form is implemented. However, the effect of reduced 

vibration as compared with the prior art example can be 

attained even when any one of the above features is 

15 employed. 

(Second Embodiment] 

Fig. 11 shows flow of control in the step of 

dehydration in accordance with'the second embodiment of 

the present invention. The structure of the hardware of 

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

the first embodiment. 

Of the flow chart shown ·in Fig. 11, steps similar to 

those of the flow chart shown in Fig. 8 of the first 

embodiment are denoted by the same reference characters. 

25 Therefore, detailed description thereof is not repeated 
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here. The flow chart of Fig. 11 differs from that of Fig. 

8 in that step 144 of Fig. 8 is replaced by steps 164 and 

166 in Fig. 11. More specifically, in the drum washer­

drier in accordance with the second embodiment, different 

5 from the first embodiment in which only one rotation speed 

is selected as the prescribed rotation speed for the 

process of step 144, a plurality of different rotation 

speeds are selected as prescribed rotation speeds, and 

rotation of the drum is performed successively selecting 

10 the rotation speed starting from the lowest rotation speed 

to higher rotation speed. Examples of the plurality of 

prescribed rotation speeds may include 100, 130, and 160 

rpm. 

Referring to Fig. 11, in step 164, the prescribed 

15 rotation speed is set to the n-th prescribed rotation 

speed. Here, it is assumed that the initial value of n is 

1 and the maximum value of n is N. When n is 1, the 

rotation speed is the lowest, and as the number n 

increases, the rotation speed becomes higher, and highest 

20 rotation speed is reached when n=N. However, any rotation 

speed from n=l 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 
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determined whether n equals to the maximum value N. If n 

is not equal to the maximum value N, 1 is added to n and 

the process of step 164 is repeated. If n equals to 

maximum value N, the flow proceeds to step 146, and 

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 
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embodiment. In Fig. 12, various components for drying and 

vibration sensor 80 are omitted for simplicity. 

The drum washer-drier in accordance with the third 

embodiment is characterized in that in suspending the rods 

5 10, in addition to the prescribed angle of incarnation 0 

in left and right directions of suspending rod 10, there 

is a prescribed angle of rotation a in the front end rear 

directions ·of suspending rod 10 for attachment, as shown 

in Fig. S. Namely, suspending rods 10 are attached 

10 inclined both in the left and right and front end rear 

directions ·of the washing machine. Therefore, the space in 

the front and rear directions of the support receiving 

portion 13 is selected to be smaller than the distance in 

front end rear directions of support receiving portions 84. 

15 Except this point, the structure of the washing machine in 

accordance with the third embodiment is the same as that 

of the first embodiment. Therefore, details thereof is not 

repeated. 

In the washing machine in accordance with the third 

20 embodiment, the water tank is resiliently supported by 

suspending rod 10 and compression spring 12 in every 

direction, that is, left, right, front end rear. Therefore, 

vibration of the water tank 3 is reduced that much. At 

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

25 compression spring 12 at a high value. Therefore, there is 
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not a possibility that much vibration is transmitted. 

(Fourth Embodiment] 

Fig. 13 is a front view of a drum washer-drier in 

accordance with a fourth embodiment of the present 

5 invention. In the washing machine in accordance with the 

fourth embodiment, support receiving· portions 13 are 

attached at two portions on each of the left and right 

sides of the front side and rear side (not shown) of the 

water tank. Except this point, the washing machine of Fig. 

10 13 is similar to the washing machine of the first 

embodiment. Therefore, detailed description is not 

repeated. In Fig. 13, some of the components are not shown 

for simplicity. 

In the drum washer-drier in accordance with the 

15 fourth embodiment, as is apparent from the comparison 

between Figs. 13 and 2, the dimension of the box of outer 

tank 9 in the left and right directions can be made 

smaller. Meanwhile, the effect of reducing vibration is 

not affected at this time. Therefore, in accordance with 

20 the washing machine of the fourth embodiment, the washing 

machine as a whole can be made compact while maintaining 

the effect of reduced vibration. This facilitates 

installation of the washing machine in a system kitchen, 

for example. 

25 [Fifth Embodiment) 
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Fig. 14 shows a structure near the support receiving 

portion 13 of the drum washer-drier in accordance with the 

fifth embodiment. Other portions of the washing machine in 

accordance with the fifth embodiment are the same as the 

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 dumper 

15 shown in Fig. 4, a dumper 110 is provid~d which has an 

10 opening through which suspending rod 10 is inserted, and 

generating sliding resistance ~etween the outer peripheral 

surf ace of suspending rod 10 and the inner peripheral 

surface of the opening. The dumper 110 also provides the 

same effect as the first embodiment. 

15 Both in the first and fifth.embodiments, dumpers 

generating sliding resistance by sliding between the outer 

peripheral edge of the spring receiving portion 11 or the 

outer peripheral surface of suspending rod 10 have been 

described. However, such a dumper generating sliding 

20 resistance is not the only option. For example, a dumper 

utilizing viscous resistance of a fluid, or an air dumper 

utilizing temporarily repulsion of air may be used. 

[Sixth Embodiment) 

The drum washer-drier in accordance with a sixth 

25 embodiment will be described with reference to Fig. 15. 
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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 embodiment formed of metal 

includes a drum body 301b having a number of small holes 

5 302 formed on its outer periphery, a drum bottom 301a on 

which a horizontal rotary axis 4, is fixed and lid 30lc 

having an opening 350, and it is characterized in that a 

groove 355 is formed parallel to the rotary axis 4, along 

rotary axis 4 at drum bottom 30la, and that fluid balancer 

10 332 is fitted in and fixed by the groove 355. Drum 301 is 

rotatably supported at one end on the surf ace of drum 

bottom 301a 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 301a, 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. In Fig. 

16, drum body 401a and drum lid 40lc correspond to drum 

25 body lb and drum lid le of the first embodiment shown in 
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Fig. 3. Further, on the outer peripheral surface of drum 

lid 401c, a groove 451 is formed along the central axis of 

drum 401, and fluid balancer 432 is fitted in groove 451, 

as in the first embodiment. 

5 The drum washer-drier in accordance with the seventh 

embodiment is characterized by the following. On the outer 

wall of groove 451 formed on drum lid 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. Therefore, 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 lb, drum lid le and groove 51 of the first embodiment 

liiffi~ 
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shown in Fig. 3. In this washing machine, ribs 571 are 

formed on a peripheral surface of fluid balancer 502, and 

further a boss 572 is formed 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 contact 

between fluid balancer 502 and drum 501 becomes very small. 

10 At other portions, there is formed an air layer between 

drum 501 and fluid balancer 502. Therefore, fluid 

transmitted from drum 501 to fluid balancer 502 as a whole 

can be reduced. Therefore, possibility of thermal 

deformation of fluid balancer 502 can be reduced. 

15 [Ninth Embodiment] 

Fig. 18 is a perspective view of a drum 601 in the 

drum washer-drier in accordance with the ninth embodiment 

of the present invention. The drum 601 may be used 

combined with any of the drum washer-driers in accordance 

20 with the first to eighth embodiments above. 

Referring to Fig. 18, drum 601 has a number of small 

holes 2 therearound, and fluid balancer 632 having a ring­

shaped is fixed on the drum lid portion. On a surface of 

fluid balancer 632 opposite to the drum 601, a plurality 

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

11ii1i1iillii -4 6 

-



+··· 

drum 601, its width along the radial direction and 

thickness along the peripheral direction are formed. 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 

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. 
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WHAT IS CLAIMED IS: 

1. A drum washer-drier, comprising: 

a washing and drying drum rotating about an 

approximately horizontal axis; 

a water tank enclosing said drum; 

an outer tank resiliently supporting said water tank 

therein; and 

a motor for rotating said drum; wherein 

said wa~er tank has a cylindrical shape with an 

opening formed at a front portion; 

said outer tank includes an outer box ·having a door 

with an opening for putting laundry in attached closable 

thereon, 

a plurality of load receiving portions provided on an 

upper surface of said outer box and, 

a plurality of suspending rods suspending downward 

from said load receiving portions respectively, each 

having a spring receiving portion at a lower end; 

said water tank includes a plurality of support 

receiving portions formed below said plurality of load 

20 receiving portions respectively, each having an opening 

through which a tip end of corresponding one of said 

suspending rod penetrates; and 

said outer tank further includes 
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a compression spring provided between each said 

25 support receiving portion and said spring receiving 

portion, through which said suspending rod is inserted, 

and 

a dumper provided between said support receiving 

portion and said suspending rod. 

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

wherein 

said support receiving portions are arranged at a 

level not higher than the level of said axis. 

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

wherein 

said support receiving portions are arranged such 

axis distances between said support receiving portions and 

5 a vertical plane including the center axis of said axis 

are shorter than distances between the vertical plane and 

said plurality of load receiving portions, whereby said 

rods incline outward. 

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

wherein 

said plurality of support receiving portions include 

a plurality of support receiving portions arranged at 
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5 least along a prescribed axis parallel to said axis, 

the plurality of support receiving portions arranged 

along said prescribed axis are provided with a smaller 

distance therebetween than ~istance between corresponding 

load receiving portions, so that said rods penetrating 

10 through the plurality of support receiving portions 

arranged along said prescribed axis are inclined in a 

direction of said prescribed axis. 

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

wherein 

said plurality of support receiving portions include 

a plurality of support receiving portions arranged at 

5 least along a prescribed axis parallel to said axis, 

the plurality of support receiving portions arranged 

along said prescribed axis are provided with a smaller 

distance therebetween than distance between corresponding 

load receiving portions, so that rods penetrating through 

10 the plurality of support receiving portions arranged along 

said prescribed axis are inclined in a direction of said 

prescribed axis. 

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

wherein 

said support receiving portions are arranged closer 

- 50 -



' lllllll llllll lllll lllll ll llll 
* C L M S * 

to said axis than said plurality of load receiving 

5 portions, whereby said rods incline outward. 

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

wherein 

said plurality of support receiving portions include 

a plurality of support receiving portions arranged at 

5 least along a ·prescribed axis parallel to said axis, 

the plurality of support receiving portions arranged 

along said prescribed axis are provided with a smaller 

distance therebetween than distance between corresponding 

load receiving portions, so that rods penetrating through 

10 the plurality of support receiving portions arranged along 

said prescribed axis are inclined toward in a direction of 

said prescribed axis. 

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

wherein 

said plurality of support receiving portions 

include a plurality of support receiving portions arranged 

5 at least along a prescribed axis parallel to said axis, 

the plurality of support receiving portions arranged 

along said prescribed axis are provided with a\smaller 

distance therebetween than distance between corresponding 

load receiving portions, so that rods penetrating through 
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10 the plurality of support receiving portions arranged along 

said prescribed axis are inclined toward in a direction of 

said prescribed axis. 

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

wherein 

each of said plurality of rods has a rod receptacle 

at its upper end, 

5 said outer tank has a plurality of openings through 

which said rods are inserted, formed at positions 

corresponding to said load receiving portions of the upper 

surface of said outer box, 

said load receiving portions include load receiving 

10 members each having an opening through which said rod is 

inserted and arranged at said opening position on the 

upper surface of said outer tank for supporting from below 

said rod receptacle of the rod inserted through said 

opening, and 

15 a vibration absorber arranged between said load 

receiving member and the upper surface of said outer tank 

and having an opening through which said rod is inserted. 

10. The drum washer-drier according to claim 5, 

wherein 

said vibration absorber is formed of a low rebound 
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rubber. 

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

wherein 

said plurality of support receiving portions are 

arranged on a front surface and a rear surface of said 

5 water tank. 

12. A drum washer.;...drier, comprising: 

a drying drum formed of a metal, rotatable about a 

prescribed axis and having a front surface and rear 

surf ace along said axis and a circular opening at said 

5 front surface, and 

a motor operatively coupled to said rotation axis; 

wherein 

said drum has a ring-shaped groove having an outer 

sidewall, an inner side wall. and a bottom surface, formed 

10 on at least one of said front and rear surfaces; 

said drum washer-drier further comprising 

a ring shaped fluid balancer fitted in said groove 

such that an outer side surf ace is supported by said outer 

and inner side walls. 

13. The drum washer-drier according to claim 12, 

wherein 
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said outer side wall has a plurality of rectangular 

holes, and 

said fluid balancer has a plurality of convex 

portions fittable in said rectangular holes, formed at 

positions corresponding to said rectangular holes on the 

outer side surface. 

14. The drum washer-drier according to claim 13, 

wherein 

said f_luid balancer has a front surface facing 

outward when said fluid balancer is fitted in said groove, 

5 and 

said balancer has a plurality of ribs formed on said 

front surface. 

15. The drum washer-drier according to claim 12, 

wherein 

said fluid balancer includes a ring-shaped body 

having an outer side surface, an inner side surface, a 

5 bottom surf ace and a front surf ace of a size insertable in 

said groove with a space therebetween, and 

a plurality of projections formed on said inner side 

surface and said bottom surface, having a prescribing 

height necessary for fixing said ring-shaped body in said 

10 groove. 
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16. The drum washer-drier according to claim 15, 

wherein 

said outer side surface has a plurality of 

rectangular holes, and 

said fluid balancer has a plurality of convex 

portions fittable in said rectangular holes, formed at 

positions corresponding to said rectangular holes, on the 

outer side surface. 

17. The drum washer-drier according to claim 12, 

wherein 

said outer side surface has a plurality of 

rectangular holes, and 

said fluid balancer has a plurality of convex 

portions fittable in said rectangular holes, formed at 

positions corresponding to said rectangular holes, on the 

outer Side surface. 

18. 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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therein, 

a motor driving said drum, and 

a control circuit for controlling said drum, for 

rotating said drum to dry laundry by software control by 

said control circuit, said method comprising 

a low speed rotation step in which said motor is 

controlled such that said drum is rotated at a prescribed 

15 rotation speed higher than critical rotation speed of said 

fluid balancer and lower than resonance rotation speed 

generated by resilient support for a prescribed time 

period, and 

a step of high speed rotation in which said motor is 

20. controlled such that after said drum is rotated for said 

prescribed time·period at said prescribed rotation speed, 

said drum is rotated at a predetermined prescribed high 

rotation speed for dehydration. 

19. The method of operating a drum washer-drier 

according to claim 18, further comprising: 

after said step of low speed rotation and before said 

step of high speed rotation, the step of controlling said 

5 motor such that said drum is rotated for a prescribed 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 

- 56 -



5 

11111~ 1111~ 11111~Ill111111 
H S * 

by said resilient support. 

20. The method of operating a drum washer-drier 

according to claim 19, 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 

10 to be started or control is to be returned to said low 

speed rotation step, in accordance with result of said 

determination. 

21. The method of operating a drum washer-drier 

according to claim 18, wherein 

a plurality of different rotation speeds each being 

higher than said critical rotation speed of said fluid 

5 balancer and lower than the resonance rotation speed 

generated by said resilient support are selected in 

advance, and 

said step of low speed rotation includes 

the step of controlling said motor such that said 

10 drum is rotated at a prescribed time period by selecting 
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lowest rotation speed of said plurality of different 

rotation speeds; 

next stage of rotation in which said motor is 

controlled such that said drum is rotated for a prescribed 

15 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 rotated at the highest rotation speed of 

20 said plurality of different rotation speeds is completed. 

5 

22. The method of operating a drum washer-drier 

according to claim 21, wherein 

said drum washer-drier further includes a vibration 

sensor attached on said water tank, 

s·aid method further comprising the steps of 

determlning, 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 

10 to be started or control is to be returned to said low 

speed rotation step, in accordance with result of said 

determination. 

23. The method of operating a drum washer-drier 
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according to claim 18, 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 

10 to be started or control is to be returned to said low 

speed rotation step, in accordance with result of said 

determination. 
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