
WASHING MACHINE RAVING A RINSE MODE 

BACKGROUND OF THE INVENTION 

Field of The Invention 

Ill THIE sH.~E~s BEEN 
\-<.EPtACED 

! -· 

The present invention related to a washing machine having a 

rinse mode f~~ removing deter~ent from laundry therein. 

Description of Related Art 

Clothes washing machines generally include as part of their 

operation, .a rinse mode to.remove detergent from the laundry 

after a detergent washing. In a conventional washing machine 

operating i~ its rinse mode, so called hold water rinse mode, 

detergent wash water is discharged from t~e washing tub, after 

which the tub is filled by clean wa~er. When the incoming new 

wat.er reaches a predetermined level in the tub, the water supply· 

is stopped and an agitator provided at the center of the tub is 

rotated. Detergent permeated into the laundry is dissolved into 

the new water in the tub by the action of the water being moved 

by the agitator. After a predetermined time, the water 

dissolving detergent is disc~arged from the tub. This process 

may be repeated one or more times. This hold water rinse mod~ 
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operation wastes a considerable amount of water when the 

discharge and full filling is repeated. 

Therefor~, another type of rinse mode, a so called a spin 

-dry rinse mode, which reduces the consumption of water, was 

developed. Spin dry rinse mode operation includes one or more 

spin dry rinse cycles. In each spin dry rinse cycle there is a 

spin dry rinse operation and a spin dry operation. In the spin 

dry rinse operation, water in the tub is drained from the tub 

after the detergent washing, then, new water is supplied into the 

tub while the tub is being rotated. The supplied water permeates 

into the laundry because of the tub rotation. After the spin dry 

rinse operation is completed, the spin dry operation is started. 

During·spin dry operation, water supply is stopped, but rotation 

of tub continues. The permeating water is separated from the 

laundry and exhausted by the centrifugal force of the tub 

rotation. The spin dry rinse cycle including the stopping and 

starting water supply and tub rotation is repeateq a 

predetermined number of times in spin dry rinse mode operation. 

This spin dry rinse mode can reduce the consumption of water. 

Further, the spin dry rinse mode is m~re efficient at removing 

detergent.from laundry than the hold water rinse mode. 

However, in the conventional washing machine, the spin dry 

rinse mode is carried out at a predetermined time period, and has 

a predetermined number of spin dry rinse cycles. Both the time 

period at which spin dry rinse mode operation takes place and the 

number of spin dry rinse cycles that will be carried out _are 

preset and cannot ·b.e. changed;·by·'. us·er. The time period an.d the 
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number of cycles are decided based on a heavy laundry load. In 

other words, the spin dry rinse mode is designed to handle loads 

in which much laundry is placed in the tub and much detergent is 

put into the tub such that the result of rinse mode is not 

insufficient. Therefore, when only a light load of laundry is 

being washed, the volume of water used in the spin dry rinse mode 

is often excessive, and the time period of the spin dry rinse 

mode is also significantly long for the laundry to be rinsed. 

Thus, the spin dry rinse mode operation, as now carried out is 

inefficient for light laundry loads. Furthermore, during spin 

dry rinse operation o_f the spin dry rinse mode, when the tub is· 

rotating while water is being supplied to the tub, an unbalance 

of rotation often occurs. 

SUMMARY OF THE INVENTION 

The invention to provide an improved 

washing machine having a rinse mode'to rinse laundry being 

washed. 

Embodiments of the invention seek to: 

reduce water consumption -duriH-9..:.·.rinse mode operation1 

allow the user to 

select the number of spin dry rinse cycles that will occur during 

spin dry rinse mode operation antl the time period for spin dry 

rinse mode operation1 and/or 

minimise·-or·avoid-unbalanced 

rotation during spin dry rinse mode operation. 
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According to one aspect of the invention; ·there is provided an iroP-r.oved 

washing machine having a rinse mode for rinsing laundry being 

washed in a tub of the washing machine. The washing machine has 

rinse mode control means for controlling 1) water supply into the 

tub and 2) rotation of the tub to carry out a spin dry rinse 

mode. The spin dry rinse mode includes a first operation during 

which water is supplied into the tub while the tub is rotated and 

a ~econd operation during which water supply is stopped while the 

tub continues to be rotated. The washing machine has an 

arrangement.for detecting the.amount of laundry that is being 

washed in the tub, and operation change means for changing the 

time period of the spin dry rinse operation in accordance with 

the amount of laundry detected by laundry amount detect means • 
• 

The spin dry rinse mode can include a plurality of a spin 

. dry r_inse cycles each of which .comprises first and second 

operations. The washing machine includes operation change means 

which can control the.number of spin dry rinse cycles that occur 

during spin dry rinse mode operation in accordance with the 

amount of laundry being washed as detected by laundry amount 

detect means. 
Another improvement embodied in another aspect of the present invention 

is the inclusion of an unbai-ance detect rreans for detecting an unbalance· 

rotation of the tub. When the unbalance detecting means detects 

the unbalance rotation, unbalance recovery means supplies water 

into the tub and agitates the water.and the laundry by operating 

an agitator. Operation change means qhanges the time period of 

the spin dry rinse mode operation in accordance with the 
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detection of the unbalance rotation or the number of spin dry 

rinse cycles in accordance with the detection of the unbalance 

rotation. 

Another improvement provided by yet another aspect of the present 

invention relates to the inclusion in the washing machine of a rinse degree 

select means for selecting a degree of rinse. The operation 

change means controls the time period during which the washing 

machine operates in spin dry rinse mode or the number of spin d:cy 

rinse cycles in accordance with a selected degree of rinse. 

Another improvement relates to the inclusion of two rinse 

modes, one being a spin dry rinse mode, and the other being a 

hold water rinse mode. During hold w~ter rinse mode operation, 

controlled by hold water rinse control means, water is supplied 

to the tub and an agitator in the tab is rotated. The washing 

machine has a laundry amount detect means for detecting an amount 

of the laundry placed in the tub. Operation change means 

controls the rinse operat~on such that when the degree selected 

by the rinse degree select means is higher than a predetermined 

:degree, either the spin dry rinse mode or hold water rinse mode 

is se~ected according to the amount of laundry detected by 

laundry amount detect means. 

During the first operation of the spin dry rinse mode, the 

rotating speed of the tub is controlled to avoid a resonance 

speed or at.more than secondary resonance speed and less than 

quatern~ry resonance speed by tub rotating speed control means. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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In the accompanying drawings; 
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Figure 1 is a cross-sectional view of a washing machine 

.according to the present invention; 

Figure 2 is a front view of an operation panel of the 

washing machine;. 

Figure 3 is· a block diagram of control components of the 

washing machine; 

FIGS.4(a) to 4(c) are timing charts showing the driving · 

state of the motor which drives a rotating tub of the washing 

machine, .the state of a water supply valve for supplying water 

into a rotating tub, and the· variation of speed of the rotating 

tub, respectively; 

Figure 5 is a flowchart explaining control of the washing 

machine; 

Figure 6 is a schematic diagram showing a primary resonance 

state of the tub; 

Figure 7 is a schematic diagram showing a secondary 

resonance state of the tub; 

Figure 8 is a schematic diagram showing a tertiary resonance 

state of. the tub; 

Figure 9 is a schematic diagram showing a quaternary 

resonance state of the tub; 

Figure 10 shows a rotating speed regions of the primary to 

the quaternary resonance states on a axis of. motor of washing 

machine; 

Figure 11 is a flowchart explaining control of the washing 

machine; 
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Figure 12 is a flowchart explaining control of the washing 

machine; and 

Figure 13 is a flowchart explaining control of the washing 

machine according to another embodiment of this invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 

A presently pref erred exemplary embodiment of the present 

invention will be exi'.>lained with reference to the accompanying 

drawings. 

Figure 1 is a cross-sectional view of a washing machine 

according to the present invention. An outer tub ·2 is placed in 

an outer case 1 of the washing machine, and supported by an 

elastic suspension mechani'sm 3 which is only partly shown 

in Figure 1. A rotating tub 4, into which laundry to be washed 

is placed, is rotatably mounted within outer tub 2. An agitator 

5 is rotatably mounted at the bottom center of rotating tub 4. A 

water discharge valve 6 for controlling water flow from the tub 4 

and a water discharge hose 7a for discharging water from tub 4 

are arranged below outer tub·2. When discharge valve.6 is 

opened, water in tub 4 passes through discharge ho.se 7a via a 

discharge hole 7c at a bottom portion of rotating tub 4 and 

discharge valve 6. When discharge valve ·6 is closed, water is 

not evacuated from rotating tub 4 and it can remain filled. A 

through hose 7b, also arranged below outer tub 2, has one end. 

connected to discharge hose 7a and its other end connected to the 

bottom of qu~er tub 2 (not shown in Figure 1). Through hose 7b 
·' 
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has no valve. Therefore water dropped into outer tub 2 is 

quickly discharged out of washing machine through hoses 7a and 

7b. Agitator 5 for washing laundry placed in rotating tub 4 is 

rotated by a driving mechanism 9 which is arranged below outer 

tub 2. A motor 8, providing power for driving mechanism 9, has a 

motor axis Sa and a pulley Sb firmly connected to motor axis Sa. 

Pulley Sb drives a rotating axis Sa of a transmission Sd by a 

belt Sc wrapped around pulley Sb. Transmission ad selectably 

rotates either only agitator 5 or both agitator 5 and rotating 

tub 4 in accordance with the mode of operation of the washing 

machine. During washing and hold water rinse mode operations, 

. ·transmission 8d rotates only agitator 5. However, during a spin 

dry mode operation for drying the laundry and during a spin dry 

rinse mode operation for rinsing the laundry, the transmission 8d 

rotates agitator 5 and rotating tub 4. 

Rotating tub 4 has several water extraction holes 11 only at 

an upper part of the tub where a balance ring 10 is fitted. 

During a spin dry operation (part of spin dry rinse mode), water 

spun out of the laundry passes through extraction holes 11 

through a gap between rotating tub 4 and.balance ring.10. A flat 

ring-shaped tub cover 12 is fitted on the top of outer tub 2. An 

inner lid 13 is supported on tub cover·12 by a spindle 14 at a 

rear end thereof so as to be vertically rotatable so that it can 

open and close an opening at the center of tub cover 12. When 

tub cover 12 is closed it covers the upper portion of rotating 

tub 4. A concave shaped part 15 is formed in the rear center of 

tub cover 12 and near a peripheral portion of inner lid 13. The 
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bottom of part 15 is shaped so that its front portion is .lower 

than its rear portion. A la.rge number of drain holes 16 are 

formed in the rear portion of part 15. A handle 18 for opening 

inner lid 13 is provided at the front of the inner lid. A top 

cover 20, which is vertically rotatable, can open and cover inner 

lid 13 and tub cover 12. A water supply system 22, including a 

water guide 19 and a water supply valve 21 is placed at a rear 
-portion of the washing machine, between top cover 20 and tub 

cover 12. Water supplied through water supply valve 21 flows to 

part 15 along water .guide i9. Water drops into rotating tub 4 

passing through drain holes· 16 of part 15. Thus., drain holes 16 
... 

function as a sp~inkler for the laundry placed in the rotating 

tub 4. A concave cover 17, provided at inner lid 13, covers the 

open upper portion of part 15 except for the upper portion of 

drain holes 16 to prevent water dropped from water guide 19 from 

scattering around part 15. 

A water level sensor 28 includes an electricalpressure 

sensor 28a and an air tube 28b connected to an air trap 28c which 

is between the bottom of rotating tub_4 and discharge valve 6. 

Water in rotating tub 4 presses the air in air tube 2Sb via water 

trap 28c, thus, the air pushes the pressure sensor 28a ~ith a 

pressure related to the amount of the water in rotating tub 4. 

As a result, pressure sensor 28a can detect the water level in 

rotating tub 4. An unbalance detect switch 29 is provided under 

water supply valve 21. Unbalance detect switch 29 includes a 

micro switch 29a for detecting a swing of outer tub 2 via an L­

shaped lever 29b which is rotatably supported by a pivot 29c. 
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When rotating tub 4· is badly unbalanced because of an uneven load distribution 

of laundry,· outer tub 2 swings and hits L-shap.ed lever 29b and L-

shaped lever 29b rotates around pivot 29c and its one end 

temporarily pushes micro switch 29a. Accordingly, micro switch 

29a enables detection of an unbalance of rotating tub 4. Of 

course other types of unbalance detector arrangements can be 

used. Examples would include l) electrical unbalance detection 

which uses a detection of change of motor current when motor 8 

activates, can be applied; 2) mechanical unbalance detection 

devices; and 3) other electrical unbalance detection devices. 

There is an operating panel 23 provided at the front of top cover 

20. 

Referrinq now to Fiqure 2, ope~atinq panel 23 will be 

further described~ Operating panel 23 has a switch input unit 24 

which includes a course or type selection switch 24a, a rinse select 

switch 24b, wash reserve time and mode set~inq switches 24c, a 

startinq switch 24d and a water level selecting switch 24e. 

Rinse select switch. 24b for selectinq the deqree of rinse 

desired, alternatively selects a "Preferred Rinse" which is 

normal rinse, or "Careful Rinse" which is strc;mqer than the 

normal rinse. Operatinq panel 23 includes· a display unit 25 

which includes laundry weiqht and water level display 25a, a 

rinse mode display 25b, time display 25c and washinq courseor type 

display 25d. Laundry weiqht and water level display 25a displays 

the laundry weiqht, correspondinq water level and preferred 

deterqent amount by LEDs. Rinse ~ode display 25b and washinq 

course display 25d display the selected mode and course 
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respectively. At these displays, the selected mode and course 

are displayed by turning on a liquid crystal frame. Time display 

25c has four 7-segment digit light emitting diodes (LED). It . 

displays a reservation time or a number of times for rinse mode 

operation or a time period for each operation. 

A block diagram of the washing machine is shown in Figure 3. 

Control circuit 26 is constituted by a micro-computer along with 

various peripheral devic~s, such as A/D converters, and the like. 

The A/D converters can be of various types including but not 

limited to pre-installed circuits in the microprocessor, software 

in a microcomputer, and external circuits. A cover switch 27 is 

preferably constituted by a micro switch attached near a rotating 

axis of top ~over 20. switch 27 detects the opening and closing 

of top cover 20. Control circuit 26 inputs switching signals 

from a switch input unit 24 and cover open/close signals from 

switch 27. Water level sensor 28 detects the water level in 

rotating tub 4 and outputs a water level s.ignal. The water level 

signal and an unbalance detection siqna~ from an unbalance detect 

switch 29 are also input to control circuit 26. Control circuit 

26 controls water supply valve 21, motor 8, transmission Sd and 

water discharge valve 6 via drive circuit 30. Drive circuit 30 

includes relays and amplifiers, based on the inputs described 

above together with _pre-stored control programs stored in a 

memory of the micro-computer. Control circuit 26 further 

controls disp~ay unit 25. In this manner, control circuit 26 

controls all aspects of washing including the various modes of 

operation,· i.e. washing mode and spin dry rinsing mode. Thus, 
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control circuit 26 functions as a spin dry rinse mode control 

device, a laundry weight detect device, a spin dry rinse degree 

select.device and a spin dry rotation control device. 

Control details will be described with reference to the 

flowchart shown -in Figure s. Control flow starts when starting 

switch 24d is pushed. Control circuit 26 executes laundry amount 

detecting process (step Sl). In this laundry amount detecting 

process, control circuit 26 turns on and off motor 8 in a 

specified ON/OFF pattern to rotate rotating tub 4 before 

supplying water to rotating tub 4, or when only laundry is placed 
•. 

in.rotating tub 4. At this time, control ci~cuit 26 reads a 

signal Sm (shown in Figure 3) indicative of a motor operational 

character~stic, i.e. the load of motor s. As an example,· signal 

Sm could be a signal representing the speed of rotation of motor 

8. The greater the amount (weight) of laundry placed in rotating 

tub 4, the slower the speed of motor a will be. Thus, it is 

possible to determine the amount of laundry based on the· speed of 

motor 8 indicated by signal Sm. If motor 8 is a two phase 

induction motor having a running condenser, the inter-terminal 

voltage of the running condenser can be used as a load indicator. 

In this case, the voltage of the running condenser is inversely 

proportional to the amount of laundry. As an alternative, the 

current flowinq through motor s, which is proportional to the 

load of motor 8 may be used. Control circuit 26 decides, based 

on the above input, how much laundry is being washed. In the 

presently preferred embodiment, the laundry load is classified 

into one of four stages: "Laundi:y weight High", "Laundry weight 
., ,· 
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Medium", "Laundry weight Low" and "Laundry weight MINimum" in 

response to the result of the laundry amount detection. 

After that, control circuit 26 determines the appropriate 

water supply level based on the amount of laundry. When the 

amount of laundry is "Laundry weight High", the water supply 

level is "High", when it is "Laundry weight Medium", the water 

supply level is "Medium", when it is "Laundry weight Lpw", the 

water supply level is "Sl'ightly Low", when it is "Laundry weight 

MIN~mum", the water supply level is "Low" (step 52). After the 

water supply level decision is made, control circuit 26 executes 

the washing mode. Control circuit 26 controls water supply 

valve 21, transmission Sd and motor 8 based on the decided water 

level (step SJ). 

When the washing mode is finished, control circuit 26 op~ns 

discharge valve 6 to discharge water from rotating tub 4 (step 

S4). Then, at step ss, rinse mode operation begins. 

In step SS, an inquiry is made as to whether the water level 

decided in step S2 is "High" ("Laundry weight High"). If YES, 

first spin dry operation is carried out for 3 minutes (step SS). 

In the first spin dry operation, motor 8 rota~es tub 4 at high 

speed in one direction. Permeating water in the laundry 

including detergent separates from the laundry, and discharges 

out of the washing machine through water extraction holes 11, 

outer tub 2 and through hose 7b. Three minutes after the first 

spin dry mode operation starts, the spin dry rinse cycles {steps 

S9 to step 514) are carried out. Each spin dry rinse cycle 

includes a spin dry rinse operation and a spin dry operation. 

13 
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Thus, the spin dry rinse operation of step S9 and the spin dry 

operation of step SlO together·comprise the first spin dry rinse 

operation. In a similar fashion, steps Sll and S12 taken 

together constitute. the second spin dry rinse cycle, and steps 

Sl3 and S14 together constitute the third spin dry rinse cycle. 

Consequently, when the water level is 11High11 ("Laundry weight 

High"), the spin dry rinse cycle is repeated 

spin dry rinse mode. 

3 times in the 

As shown in FIGS.4(a) to 4(c), in the first spin dry rinse 

mode, water supply valve 21 is opened by switching it ON by drive 

circuit JO. At the same time, rotating tub 4 is driven at low 

speed (100 rpm) by motors (step S9). During the spin dry rinse 

mode, discharge.valve is opened (not shown). One minute after 

starting the first spin dry rinse mode, the spin dry operation of 

the first.spin dry rin~e cycle is started. In the spin dry 

operation, water supply valve 21 is closed, and rotating tub 4 is 

driven at high speed (1000 rpm). The spin dry operation 

continues for 2·minutes .(step 510). Accordingly, the first spin 

dry rinse cycle takes 3 minutes. After that, motor 8 is turned 

off. Ten seconds after turning off motor a, the second spin dry 

rinse cycle is carried out in the same way as first spin dry 

rinse cycle (steps Sll and S12). Ten seconds after second spin 

dry rinse cycle, third spin dry rinse cycle is carried out in the 

same way as first spin dry rinse cycle (steps Sl3 and 514). 

In the spin dry ~inse operation of each spin dry rinse cycle, 

~ew water supplied via water supply valve 21 permeates the 

laundry inside rotating tub 4, and the permeated water dissolves 
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detergent left in the laundry. In the following spin dry 

operation, detergent-laden water is evacuated from the laundry 

and tub by rotating the tub at high speed. This efficiently 

removes the detergent from the laundry. 

After third spin dry rinse cycle, a hold water rinse 

operation is executed for a predetermined time (step SlS). In 

this operation, water supply valve 21 is opened, and discharge 
-

valve 6 is closed. When the level of the water inside rotating 

tub 4 reaches a predetermined level, water supply valve 21 is 

closed and only agitator 5 is rotated by motor 8. Then,·a final 

spin dry operation is carried out. In the final spin dry 

operation, water in tub 4 is discharged through discharge valve 6 

when rotating tub 4 rotates at ~igh speed for a predetermined 

time (step Sl6). The laundry washing is completed when the final 

spin dry operation is finished. 

Now consider the case where the water level is not "High". 

The inquiry of step SS is NO, and operation flow goes to step S6. 

In step 56, another inquiry is made whether the water level is 

"Medium". If the water level is "Medium", the operation flow 

goes to step 517 and steps S17 to S23 are executed. For this 

situation, only the steps different from those set forth in steps 

SS to Sl6 (water 11HIGH 11 ) will be described. 

The time spent in the first spin dry operation (step Sl7) is 

shortened to 1.5 minutes. The third spin dry rinse cycle is 

omitted, thus.the number of spin.dry rinsing cycles becomes two. 

Furthermore, the time spent in each operation in the spin dry 
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rinse cycles, namely time of the spin dry operation and the spin 

dry rinse operation, is halved, respectively. 

When the water level is neither "High" nor "Medium", that is 

the inquiry in steps SS and S6 are NO, operation flow goes to 

step S7. In step S7, another inquiry is made whether the water 

level is "Slightly Low". If the water level is "Slightly Low", 

operation flow goes to step S24 and steps 524 to 530 are 

executed. For this case, only the steps different from those 

above-described with respect to water level is "High" will be 

described. The time spent in the first spin dry operation (step 

524) is shortened to 1 minute. The number of spin dry rinsing 

cycles becomes two. Furthermore, the time spent in the spin dry 

operation and the spin dry rinse operation which are included in 

the twice spin dry rinse cycles become o.s·minute (30 seconds), 

respectively. 

If the water level is "Low", steps S31 to S35 are carried 

out. In this case, only one spin dry rinsing cycle is executed, 

and the time spent in the spin dry operation (step 532)' and the 

spin dry rinse operation (step 533) is 0.5 minute, respectively. 

In this embodiment, the amount (weight) of laundry, is 

detected and the spin dry rinse mode is varied _accordingly. 

Because the spin dry rinse mode is adjusted to the amount of 

laundry, time and water usage in the rinse mode can be reduced. 

Both the number of the spin dry rinse cycles and the time of the 

spin dry rinse /'mode are varied. Therefore, time spent and water 

used can be reduced. Of course, it is possible to use only one 
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of these features to obtain a worthwhile savings, but the use of 

both provides enhanced savings. 

The rotating speed of rotating tub 4 during water supply, or 

the spin dry rinse operation, which, in this embodiment is 

preferably about 100 rpm, is set to exceed the secondary 

resonance.speed of the washing machine, but remain less than the 

quaternary resonance speed. As a result, the washing machine can 

avoid the influence of the primary, the second~ry and the 

quaternary resonances. The 09currence of unbalanced rotation 

during water s~pply can be further suppressed, and the spin ~ry 

rinse mode can obtain high stability and high efficiency. If the 

rotating speed of tub 4 is near the resonance speed of the 

washing machine, the washing machine resonates and an unbalanced. 

rotation of tub 4 will often occur. When unbalanced rotation 

occurs, the water supplied into rotating tub 4 passing through 

drain holes 16 is not uniformly sprinkled to the laundry in 

rotating tub 4, and detergent is not adequately removed from the 

laundry. 

Figures 6-9 explain the various resonance states of the 

washing machine. Only the relevant portions of the washing 

machine are shown in these figures, the rem~ining parts being 

omitted. In each drawing, a point G indicates the center of 

gravity of the washing machine, K designates the center of 

rotating tub 4. In the presently preferred embodiment, primary 

resonance occurs when the speed of rota~ion of rotating tub 4 is 

42-43 rpm. In the primary resonance state,·as shown by ~~rows in 

Figure 6, the entire rotating tub 4 tends to laterally oscillate. 
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Secondary resonance occurs when the speed of rotation of rotating 

tub 4 is 70-77 rpm. In this case, as shown by arrows in Figure 

7, the rotating tub 4 tends to oscillate in the forward and 

reverse rotation direction. Tertiary resonance occurs when the 
• 

speed of rotation of rotating tub 4 is 143-193 rpm. In this 

case, as shown by the arrows in Figure 8, the rotating tub 4 

tends to osci1late in the vertical direction. Figure 9 shows the 

quaternary resonance state. It occurs when the speed of rotation . 

of rotatinq tub 4 is 203-237 rpm. In this quaternary resonance 

state, as shown by arrows in-Figure 9, the upper part of rotating 

tub 4 tends to oscillate, that is to say rocking, in the 

transverse direction with the lower part of rotating tub 4 as the 

focal point. The regions of the primary to the quaternary 

resonances speeds are shown in Figure 10. At the tertiary 

resonance. speed the oscillation is large in the vertical 

direction. Although, the excitation force is weak, and the 

amplitude is also small, the attenuation is large. Thus, it does 

not tend to cause a large unbalance of rotation, compared with­

primary, secondary and quaternary resonances. Therefore, it is 

able to suppress the occurrence of unbalanced rotatio~ durinq 

water supply, by the setting of the rotation speed of rotating 

tub 4 at more than the secondary res~nance speed and less than 

the quaternary resonance speed (approximately from 100 rpm to 150 

rpm). Furthermore, the·speed which is more than the secondary 

r~sonance speed and less than the quaternary resonance speed, is 

far from the.primary resonance pand having a largest oscillation 
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force among them, thus, it is possible to prevent unbalanced 

rotation having a large swing. 

However, the rotating speed of rotating tub 4 during water 

supply may be set at any speed Qther than the primary, secondary, 

tertiary and quaternary resonance speeds, namely any speed other 

than a resonance speed to suppress the occurrence of unbalanced 

rotation during water supply. If the_ rotation speed of rotating 

tub 4 during water supply is less than the primary resonance 

speed, the occurrence of unbalanced rotation during water supply 

will be suppressed. An added benefit is that rinse efficiency is 

improved because the rotation speed of rotating tub 4 during 

water supply becomes even slower allo~ing more water to be 

absorbed into the laundry. 

Table 1 compares the rinsinq effect at various rotating 

speeds of rotating tub 4 during water supply, or the spin dry 

rinse operation. 

Rinsing ratios shown in Table 1 are ratios based on a 

standard comparison established by the Japanese Industrial 

Standard (JIS) applicable to washing machines. The table .sets 

forth the results of comparing· the rinse effect using a rinse 

me.thod wherein increasing speed of rotation during the spin dry 

operation, and supplying water during an initial period. 

19 
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Table 1 

Rotation Speed 

During Water supply 

50 

100 

200 
-
300 

-----·------

Rinsing Ratio 

(rpm) 

1.095 

1.094 

1.067 

1.047 
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As shown in the Table 1, at 50 rpm, the rinse effect is 

improved 1.095 times that of the "standard". At 100 rpm, the 

improvement is 1. 094 times, etc. Thus, the lower the speed of 

rotating tub 4 during water supply, the greater the rinsing 

effect. However, low speed is near primary resonance speed, so 

it is possible to cause the unbalanced rotation. Accordingly, 

the preferred speed of rotating tub 4 during water supply is from 

90 rpm to 130 rpm. 

Referring now to Figure 11, another function of the washing .. 
machine will be explained. The washing machine has an unbalance 

recovery mode to recover an unbalance of the laundry in rotating 

tub 4 and a spin dry rinse mode variation. The flowchart set 

forth in Figure 11 explains how the control circuit carries out 

this function. Steps Gl to G4 are the same as above described 

steps Sl to S4 shown in Figure 5. The first spin dry operation 

is carried out in step GS. In step G6, it is determined whether 

unbalance detect switch 29 has detected an unbalanced rotation of 
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rotating tub 4 during the first spin dry operation in step GS. 

If it has not detected an unbalanced rotation, the operation flow 

goes to step G7. In steps G7 to Gl2·, the spin dry rinse cycle 

which includes a 1 minute spin dry rinse operation and 2 minutes 

spin dry operation, is carried out three times. After that, a 

hold water rinse operation (step Gl3) and a final spin dry 

operation (step G14) which are the same as steps SlS and S16, 
I 

respectively, shown in Figure S are carried out. 

If unbalance detect switch 29 has detected an unbalanced 

rotation in step GS, the operation flow goes to step GlS. The 

unbalance recovery mode is carried out from step Gl5 to step G18. 

First, discharge valve 6 is closed and .water supply valve 21 is 

opened, so new water is supplied to rotating tub 4. (step GlS). 

When the water reaches a predetermined level,·water supply valve 

21 is closed and agitator 5 is turned on. The laundry is 

agitated (step Gl6). A predetermined time after agitating, 

discharge valve 6 is opened and the water in rotating tub 4 is 

discharged (step Gl7). The unbalance of the laundry in rotating 

tub 4 is recovered in this mode. The above described unbalance 

recovery mode executed in steps GlS to Gl7 is the same as in the 

·hold water rinse cycle. After that, the spin dry rinse cycle is 

executed twice (steps Gl8 to G22). In this spin dry rinse cycle, 

each spin dry operation (~teps Gl8 and G20) takes l minute, while 

each spin dry rinse operation (steps Gl9 and G2i) takes o.s 

minutes. After step G22, a hold water rinse operation step G23 

and a final spin dry operation step G24 are carried out. 

Accordingly, both execution ti~es of the spin dry rinse mode and 
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the number of the spin dry rins~ cycles included in the spin 

rinse mode are altered. 

E.D 

When an unbalanced. rotation of tub 4 is detected, unbalance 

recovery mode operation including water supply and agitation of 

the laundry is carried out. Unbalance recovery mode operation 

functions not only to recover from an unbalance, but also to 

rinse the laundry. Therefore, the spin dry rinse mode after 

unbalance recovery mode operation can be shortened in time and 

number of cycles. Thus, consumption of time and waste of water 

can be reduced. In particular, in this embodiment, both the 

execution time of the spin dry rinse mode and the number of 

cycles of spin dry rinse are reduced. This saves both time and 

water. However, reduction of either the time of spin dry or the 

number of spin dry rinse cycles alone, would still be beneficial. 

Fiqure 12 is a flowchart explaining another function of the 

washing machine. A user can select a spin dry rinse operation 

variation, namely "Careful Rinse" or "Preferred Rinse", by 

operating the rinse select switch 24b shown in Figure 2. The 

operation from steps P.1 to P4 is the same as that of steps Sl to 

S4 shown in Figure 5. In step PS, control circuit 26 judges 

whether "Careful Rinse" bas been selected by operating the rinse 

select switch 24b. ·rf "Careful rins.e" has not been selected, 

"Preferred Rinse" is selected and the operation flow goes to step 

P.6. Steps P6 to P14 which are the same as steps SS to 816, cause 

there to be three spin dry rinse cycles. If "Careful rinse" has 

been. selected, the operation flow goes to step Pl5. In step Pl5, 

a first spin dry operation is executed for 3.5 minutes. Then, a 
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spin dry rinse cycle is executed 5 times (steps Pl6 to P25). In 

each spin dry" rinse cycle, a spin dry rinse operation (steps Pl6, 

PlS, P20, P22 and P24) is executed for 2 minutes, and a spin dry 

operation (steps P17, P19, P21, P23 and P25) is executed for 3 

minutes. After the five spin dry rinse cycles, the hold water 

rinse operation (step P26) and the final spin dry operation (step 

P27) are carried out. Namely, when the "Careful Rinse" is 

selected by a user, the number of the spin dry rinse cycle is 

made qreater, at the· same time, each spin dry rinse cycles 

included in the spin dry rinse mode is lengthened~ Therefore, 

the user can chanqe the degree of rinse whether "Preferred Rinse" 

or "Careful Rinse". 

Figure 13 is a flowchart explaining another embodiment of a 

washing machine according to the present invention. The 

difference between this embodiment and the previously described 

embodiment is in the function of control circuit 26. All other 

parts are the same as shown in Figures 1-3 and will not therefore 

be ~escribed. In this embodiment, when the "Careful Rinse~' is 

selected by rinse select switch 24b, a water level is determined 

based on the amount of the laundry in rotating tub 4. After 

determining the proper water level, control circuit 26.changes 

its.rinse mode, either a spin dry rinse mode or a hold water 

rinse mode. Before rinse mode, the operation of the washing 

machine is carried out per steps Ql to Q4 which are the same as 

corresponding step Sl to S4 shown in Figure s. In step QS, it is 

determined whether the "Careful Rinse" has been selected. If the 

"Careful Rinse" has not been selected, steps Q6 to Ql4 which are 
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identical to corresponding steps SS to Sl6, respectively and 

include three spin dry rinse cycles, are executed. However, If 

"Careful Rinse" has been selected, inquiry is made whether the 

water level decided in step Q2 is "High" (step Ql5)~ If the 

water level is "High", steps Ql6 to Q28 are executed in order. 

The operations from steps Ql6 to Q28 are the same as step P15 to 

P27 shown in Figure 12. If water level is not "High", namely, 
-

water level is "Medium", "Slightly Low" or "Low", the hold water 

rinse mode which includes two times hold water rinse operation is 

executed (steps Q29 and Q30). Each hold water rinse operation is 

the same as step Ql3 and Q27. In this regard, see corresponding 

steps GlS to Gl7 in Figure 11 for detailed explanation. Then, a 

final spin dry mode is car~ied out for a predetermined time (step 

G3.1). 

In this embodiment, after the "Careful Rinse" is selected, 

further more, if water level is not "High", the hold water rinse 

mode is selected for the rinse mode. The reason for this 

selection of rinse mode is that, in the case in which the water 

level is not "High", using the spin dry rinse mode for obtaining 

an adequate rinse effect needs more time and water than using the 

hold water rinse mode to obtain same rinse effect. 

Many changes and modifications of the above described 

embodiment can be carried out without departing from the scope of 

the general inventive concept as defined by the appended claims 

and their equivalents. 
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WHAT IS CLAIMED IS: 

1. A washing machine, comprising:_ 

a tub for receiving laundry to be washed; 

means for· supplying water into the tub; 

means for rotating the tub; 

, "~im111111111111111m ~ 
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rinse mode control means for controlling 1) water supply 

into the tub and 2) rotation of the tub so as to carry out a spin 

dry rinse mode operation, the spin dry rinse mode operation 

including: 

a first operation wherein water is supplied into the 

tub while the tub i~ rotated, and 

a second operation wherein water is not supplied into 

the tub and the tub is.rotated; 

laundry amount detect means for detecting an amount of 

laundry placed into the tub; and 

rinse time change means for changing a time pe~iod of the 

spin dry rinse mode operation in accordance with the amount of 

laundry detected by laundry amount detect means. 

2. A washing machine, comprising: 

a tub for receiving laundry to be washed; 

means for supplying water fnto the tub; 

means for rotating the tub; 

rinse mode control means for controlling 1) water supply 

into the tub and 2) rotation of the tub so as to carry out a spin 

dry .rinse mode operation, the spin dry rinse mode including a 
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plurality of spin dry rinse· cycles each spin dry rinse cycle 

including: 

a first operation wherein water is supplied into the 

tub while the tub is rotated, and 

a second operation wherein water is not supplied into 

the tub and the tu.b is rotated 1. 

laundry amount detect means for detecting an amount of 
-

laundry placed into the tub; and 

operation number .change means for controlling the number of 

spin dry rinse cycles carried out during spin dry rinse mode in 

accordance with the amount of laundry detected by laundry amount 
• 

detect means. 

3. A washing machine, comprising: 

a tub for receiving laundry to be washed; 

means for supplying water into the tub; 

means for rotating the tub; 

rinse mode control means for controlling 1) water supply 

into the tub and 2) rotation of the tub so as to ca~ry out a spin 

dry rinse mode including: 

a first operation wherein water is supplied into the 

tub while the tub is rotated, and 

a second operation wherein water is not supplied into 

the tub and the tub is rotated; 

unbalance.detect means for detecting unbalanced rotation of 

the tub; 
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unbalance recovery means for supplying water into the tub 

and stirring the water and the laundry when the unbalance 

detecting means detects the unbalance rotation; and 

rinse time change means for changing a time period of the 

spin dry rinse mode operation in accordance with the detection of 

unbalanced rotation. 

4. A washing machine, comprising: 

a tub for receiving laundry to be washed; 

means for supplying water into the tub; 

means for rotating the tub; 

rinse mode control means for controlling 1) a water supply 

into the tub and 2) rotation of the tub to carry out spin dry 

rinse mode operation which includes a plurality of spin dry rinse 

operations, each ~pin dry rinse operation including: 

a first operation during which water is supplied into 

the tub while the tub is rotated, and 

a second operation during which water is not supplied 

into the tub and the tub is rotated; 

unbalance detect means for detecting an unbalanc~d rotation 

of the tub; 

unbalance recovery means for supplying water into the tub 

and stirring the water and the laundry when the unbalance 

detecting means detects unbalanced rotation; and 

operation number change means for controlling the number of 

spin dry rinse cycles included in spin dry rinse mode operation 

in accordance with the detection of unbalanced rotation. 
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5. A washing machine, comprising: 

a tub for receiving laundry to be washed; 

means for supplying water into the tub; 

means for rotating the tub; 

111111111111111111111111111111 
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rinse mode control m~ans for controlling 1) water supply 

into the tub and 2) rotation of the tub to carry out the spin dry 

rinse mode which includes: 

a first operation during which water is supplied into 

the tub while the t.ub is rotated, and 

a second operation during which water is not supplied 

into the tub and the tub is rotated; 

rinse degree select means for manually selecting a degree 

of rinse desired; and 

rinse time change means for controlling a time period ·Of 

spin dry rinse mode operation in accordance with the selected 

degree of rise by the rinse degree select means. 

6. A washing ~achine, comprising: 

a tub for receiving laundry to be washed; 

means for supplying water into the tub; 

means for rotating the tub; 

rinse mode control means for controlling 1) water supply 

into the tub and 2) rotation of the tub to carry out a spin dry 

rinse ~ode operation which includes a plurality of spin dry rinse 

cycles, each spin dry rinse cycle including: 
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a first opera~ion during which water is supplied into 

the tub while the tub is rotated, and 

a second operation durin9 which water is not supplied 

into the tub and the tub is rotated; 

rinse degree select means for manually selecting a degree of 

rinse desired; and 

operation number change means for controlling the n~er of 

spin dry rinse cycles carried out during spin dry rinse mode 

operation in accordance with the selected degree of rinse by 

rinse degree select means. 

1.· A washing machine, comprising: 

a tub for receiving laundry to be washed; 

means for supplying water into the tub; 

means for rotating the tub; 

spin dry rinse mode control means for controlling 1) a water 

supply into the tub and 2) rotation of the tub to carry out a 

spin dry rinse mode operation including 

a first operation during which water is supplied into 

the tub while the tub is rotated, and 

. a second operation during which water is not supplied 

into .the tub and the tub is rotated; 

hold water rinse mode control means for controlling 1) a 

·water supply into the tub and 2) rotation of the tub to carry out 

a hold water rinse operation in which.water fills the tank, and 

the water and the ~aundry are stirred; 

29 



I llllllJ llm~ 111]1 Ill~ 111111 ] 

rinse degree select means for manually selecting a degree of 

rinse.desired; 

laundry amount detect mea·ns for detecting an amount of the 

laundry placed in the tub; and 

mode select means for selecting a desired rinse mode so that 

when the degree selected by the rinse degree select means is 

higher than a predetermined degree, either the spin dry rinse 

mode or the hold water rinse mode is selected in according to the 

amount of laundry detected by laundry amount detect means. 

a. A washing machine, comprising: 

a tub for receiving laundry to be washed; 

means for supplying water into the tub; 

means for rotating the tub; 

rinse mode control means for controll.ing 1) a water supply 

into 't:he tub a~d 2) rotation of the tub to carry out a spin dry 

rinse mode including: 

a first operation during which water is supplied into 

the tub while the tub is rotated, and 

a second operation during which water is not supplied 

into the tub and the tub is rotated; and 

tub rotating speed control means for controlling the 

rotating speed of the tub to avoid a resonance speed during the 

first operation. 

9. A washing machine according to claim s,'wherei~ the tub 

rotating speed control means controls the rotating speed of the 
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tub so as to be less than a primary resonance speed of the 

washing machine. 

10. A washing machine, comprising: 

a tub for r~ceiving laundry to be washed; 

means for supplying water into the tul;>; 

means for rotating the tub; 

rinse mode control means for controlling 1) a water supply 

into the tub and 2) rotation of the tub to carry out the spin dry 

rinse mode which includes 

a first operation during which water is supplied into 
. 

the tub while the tub is rotated, and 

a second operation that water is not supplied into the 
•. 

tub and the tub is rotated; and 

tub rotating speed control means for controlling the 

~otating speed of the tub so as to be more than a secondary 

resonance speed and less than a ~aternary resonance speed during 

the first operation. 

11. A washing machine according to any one of claims 1 to 

10, wherein the rotating speed of the tub during the first 

operation is less than the rotating speed of the tub during the 

second operation. 

12. A washing machine according to any one of claims 1, 2 

and 7, wherein the laundry amount detecting means includes a 

speed detecting means for detecting a rotation speed of the tub, 
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and laundry detecting means determines the amount of 

laundry based on the detected rotation speed. 

13. A washing machine according to any one of 

claims 1, 2 and 7, wherein the rinse mode control means 

5 includes a motor for driving the tub, and the laundry 

amount detecting means includes a load detecting means 

for detecting a load of the motor, the laundry 

detecting means determining the amount of laundry based 

on detected motor load. 

10 14. A washing machine according to claim 3 or 4, 

wherein the unbalance detecting means includes a swing 

detect means for detecting a swing of the tub, and the 

unbalance detecting means determines the unbalance of 

the t~ on the basis of the detected swing of the tub. 

15 15. A washing machine substantially as 

hereinbefore described with reference to Figs. 1 to 5 

of the accompanying drawings. 

16. A washing machine substantially as 

hereinbefore described with reference to Figs. 6 to·10 

20 of the accompanying.drawings. 

17. A washing machine substantially as 

hereinbefore described with reference to Fig. 11 of the 

accompanying drawings. 

18. A washing machine substantially as 

25 hereinbefore described with reference to Fig. 12 of the 

accompanying drawings. 
19. A washing machine substantially as 

hereinbefore described with reference to Fig. 13 of the 

accompanying drawings. 
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