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Description

[0001] This invention relates generally to automatic
washing machines comprising a water tub and a rotating
tub rotatably mounted in the water tub, and more partic-
ularly to drum type washing machines.

[0002] Low foaming detergents have been recom-
mended for use with conventional drum type washing
machines. An amount of foam produced in a wash step
is relatively smaller in the case of low foaming deter-
gents. A rotating tub is rotated at a relatively low speed
in the wash step so that laundry falls from an upper in-
terior of the rotating tub to a lower interior of the rotating
tubin the wash step. In this case, a large amount of foam
produced in the rotating tub moderates an impact due
to fall of laundry, thereby reducing a washing effect.
[0003] Furthermore, when a large amount of foam is
produced in the wash step, the foam enters a space be-
tween the rotating tub and a water tub during a dehy-
dration step, thereby preventing the rotating tub from ro-
tation. As a result, since the rotational speed of the ro-
tating tub is not sufficiently increased, the laundry is in-
sufficiently dehydrated or rotation of the rotating tub is
interrupted.

[0004] Non-low-foaming detergents or ordinary syn-
thetic detergents are more available and less expensive
and have more types than the aforesaid low foaming de-
tergents. Accordingly, a drum type washing machine
with which the ordinary synthetic detergents can be
used have been desired.

[0005] Therefore, an object of the present invention is
to provide a washing machine from which a desired
washing effect can be achieved without interruption of
rotation of the rotating tub even when a non-low-foaming
detergent is used.

[0006] The invention provides a washing machine in-
cluding a water tub, a rotating tub rotatably mounted in
the water tub so that laundry is put into the rotating tub,
water supplying means for supplying water into the wa-
ter tub, drive means for rotating the rotating tub, and
control means for controlling the water supplying means
and the drive means so that a washing operation is car-
ried out for the laundry, characterized in that the control
means carries out the washing operation under a non-
low-foaming detergent mode suitable for a case where
a detergent used is a non-low-foaming detergent.
[0007] An amount of water supplied into the water tub
is preferably smaller under the low foaming detergent
mode than under the non-low-foaming detergent mode.
Furthermore, the rotational speed of the rotating tub is
preferably lower under the low foaming detergent mode
than under the non-low-foaming detergent mode. Con-
sequently, production of a large amount of foam can be
prevented even when the non-low-foaming detergent is
used for the washing operation.

[0008] Furthermore, the number of times of a rinsing
operation carried out subsequently to the washing op-
eration under the non-low-foaming detergent mode is
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preferably larger than the number of times of the rinsing
operation carried out subsequently to the washing op-
eration under the low foaming detergent mode. Addi-
tionally, the control means preferably carries out a foam
discharging operation in which the drive means is
caused to rotate the rotating tub while the water supply-
ing means is being caused to supply water into the water
tub, so that foam is discharged from the rotating tub.
Consequently, interruption of the dehydrating operation
by the foam produced in the washing operation can be
prevented.

[0009] The invention will be described, merely by way
of example, with reference to the accompanying draw-
ings, in which:

FIG. 1 is a longitudinally sectional side view of a
drum type washer-drier of a first embodiment in ac-
cordance with the present invention;

FIG. 2 is a front view of the drum type washer-drier;
FIG. 3 illustrates an operation panel;

FIG. 4 is a rear view of the drum type washer-drier
with a rear panel of the outer cabinet being elimi-
nated;

FIG. 5 is a plan view of the drum type washer-drier
with an upper panel of the outer cabinet being elim-
inated;

FIG. 6 is a plan view of a detergent case;

FIG. 7 is a front view of an upper portion of the wash-
er-drier with the detergent case being eliminated
from a water supply case;

FIG. 8 is a block diagram showing an electrical ar-
rangement of the washer-drier;

FIG. 9is a flowchart showing processing of a stand-
ard course;

FIG. 10 shows differences in the water level be-
tween a low foaming detergent mode and an ordi-
nary synthetic detergent mode;

FIG. 11A shows an amount of detergent displayed
on a display when the low foaming detergent mode
has been set;

FIG. 11B shows an amount of detergent displayed
on a display when the ordinary synthetic detergent
mode has been set;

FIG. 12 is a flowchart showing a process for deter-
mining whether a detergent case has been set in
the water supply case;

FIG. 13 is a graph showing rotation of a rotating tub
in the washing operation under the low foaming de-
tergent mode;

FIG. 14 a graph showing rotation of the rotating tub
in the washing operation under the ordinary syn-
thetic detergent mode;

FIG. 15 is a flowchart showing a process for deter-
mining a water level and an amount of detergent in
the wash step in the washer-drier of a second em-
bodiment in accordance with the invention;

FIG. 16 is a view similar to FIG. 12, showing the
washer-drier of a third embodiment in accordance



3 EP 1213 384 A2 4

with the invention;

FIG. 17 is a view similar to FIG. 1, showing the
washer-drier of a fourth embodiment in accordance
with the invention;

FIG. 18 is a view similar to FIG. 4;

FIG. 19 is a flowchart showing a process for the
wash step;

FIG. 20 schematically shows a condition where a
large amount of foam is produced in the rotating tub;
FIG. 21 is a graph showing changes in the pressure
in an air trap;

FIG. 22 is a graph showing differences in the pres-
sure changes due to differences in the foam density
in the washer-drier of a fifth embodiment in accord-
ance with the invention; and

FIG. 23 shows thresholds changed with lapse of
time in the washing operation.

[0010] A firstembodiment of the present invention will
be described with reference to FIGS. 1 to 13. In the first
embodiment, the invention is applied to a drum type
washer-drier. Referring to FIGS. 1 and 2, an overall con-
struction of the washer-drier is shown. A generally rec-
tangular box-shaped outer cabinet 1 has a front formed
with a circular access opening 4. A door 2 is hingedly
mounted on the front of the cabinet 1 for opening and
closing the access opening 4. An operation panel 3 is
provided on an upper front of the cabinet 1. An operation
circuit unit 5 is provided in the cabinet 1 so as to be lo-
cated in the rear of the operation panel 3. A control cir-
cuit unit 6 is also provided in the cabinet 1 so as to be
located in the rear of a lower front of the cabinet 1.
[0011] A drum-like water tub 7 is mounted in the cab-
inet 1 so as to be inclined rearwardly downward. The
water tub 7 is supported by a two suspension mecha-
nisms 8 and has a front formed with a circular opening
12. An elastic member such as a rubber bellows 14 con-
nects the opening 12 to the access opening 4 of the cab-
inet 1 with watertightness. A drum-like rotating tub 9 is
rotatably mounted in the water tub 7. The rotating tub 9
is also inclined rearwardly downward so as to be sub-
stantially coaxial with the water tub 7. The rotating tub
9 serves as a dehydration tub, wash tub and drying tub.
The rotating tub 9 includes a circumferential wall and a
rear end panel each formed with a number of through
holes 10 serving to cause water or air to pass there-
through. The rotating tub 9 has a front formed with a
circular opening 13. A balancing ring 15 is mounted
along a circumferential edge of the opening 13.

[0012] An electric motor 16 is mounted on a generally
central part of the rear end panel of the water tub 7 for
driving the rotating tub 9. The motor 16 is of the outer
rotor type in which a rotor is disposed outside a stator.
The motor 16 includes a stator 16a, a rotor 16b and a
rotational shaft 16c. A bearing housing 17 having a cy-
lindrical bearing support 17a is fixed on a generally cen-
tral part of the rear end panel of the water tub 7. The
stator 16a is mounted on an outer circumference of the
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bearing support 17a. The rotational shaft 16¢ is rotatably
mounted on a bearing 18 supported by the bearing sup-
port 17a. The rotational shaft 16¢ has a front end ex-
tending through the rear end panel of the water tub 7,
being secured to a generally central portion of the rear
end panel of the rotating tub 9. The rotating tub 9 is thus
directly rotated by the motor 16.

[0013] An outwardly protruding water reservoir 19 is
formed on a lowermost portion of the circumferential
wall of the water tub 7 so as to be integral with the cir-
cumferential wall. A heating element 20 for heating
washing liquid is enclosed in the water reservoir 19. A
drain hole 19a is formed in a rear end of the bottom of
the water reservoir 19. A drain valve 21 and a drain hose
22 both serving as draining means are connected to the
drain hole 19a.

[0014] Referringto FIGS. 1 and 4, a drier 100 serving
as drying means is provided over the rear, upper and
upper front portions of the water tub 7. More specifically,
a heater 24 and blower 23 are disposed before and be-
hind on the upper portion of the water tub 7. The blower
23 includes a casing 25, a blowing blade 26 provided in
the casing 25, and an electric motor 27 fixed to an outer
part of the casing 25 for driving the blowing blade 26. A
belt transmission mechanism 7 connects the motor 27
to the blowing blade 26. The heater 24 includes a casing
29 and a heating element 30 disposed in the casing. The
casing 29 has a rear end connected to a discharge side
of the casing 25. A warm wind discharge hole 12a is
formed over the opening 12 of the water tub 7. A duct
31 has one of two ends connected to the warm wind
discharge hole 12a. The other end of the duct 31 is con-
nected to a front end of the case 29 of the heater 24.
[0015] A heat exchanger 32 is provided in the rear of
the water tub 7 in the casing 1. The heat exchanger 32
comprises a duct 32a provided on the left hand of the
rear end panel of the water tub 7 as viewed in FIG. 4.
The duct 32a is curved along the outer circumference
of the rear end panel. A plurality of walls 33 are formed
in the duct 32a to define a zigzag passage therein. The
rear end panel of the water tub 7 has an air inlet 34
formed to correspond to a lower portion of the duct 32a.
The air inlet 34 also serves as a water inlet. The duct 32
has an air outlet 35 and a water inlet 36 both formed in
an upper portion thereof. The duct 32a is connected
through the air outlet 35 to a suction side of the casing
25. Heat exchange is caused between air in the duct
32a and water supplied through the water inlet 36 in the
above-described heat exchanger 32. The air in the duct
32a is thus cooled to be dehumidified. Accordingly, the
heat exchanger 32 is of the water cooling type. The
above-described blower 23, heater 24 and heat ex-
changer 32 constitute a drier 100.

[0016] Referring now to FIG. 5, a pump mount 37 is
provided in the left-hand rear interior of the outer cabinet
1. Apump 38 is mounted on the mount 37 to supply bath-
water. The pump 38 includes a priming supply opening
39, a suction opening 40 and a discharge opening 41.



5 EP 1213 384 A2 6

A suction hose (not shown) is connected to the suction
opening 40 so that bathwater is sucked up from a bath-
tub.

[0017] A water supply case 42 is provided in an upper
left-hand front interior of the outer cabinet 1. The dis-
charge opening 41 and supply opening 39 of the pump
38 are connected through respective hoses 44 to the
water supply case 42. A detergent container 80 as
shown in FIG. 6 is enclosed in the water supply case 42.
The detergent container 80 includes a front panel 80a
and a container body 80b having a powdered synthetic
detergent container 83, a liquid detergent or bleach con-
tainer 84 and a softener container 85. A magnet 103 is
embedded in a left-hand portion of the front panel 80a.
[0018] Returningto FIG. 2, the front panel 80a having
a front generally planar with the front of the outer casing
2. The front of the panel 80a has a hand hook 81 covered
with a turnable lid 82. When pressed by fingers, the lid
82 is turned such that the front of the hand hook 81 is
opened. When the hand hook 81 is drawn, the detergent
container 80 is drawn outward to be drawn out from the
water supply case 42.

[0019] Referring now to FIG. 7, the upper portion of
the outer cabinet 1 is shown with the detergent container
80 having been removed from the water supply case 42.
As shown, a reed switch 102 is mounted on an upper
inner wall of the cabinet 1 so as to be located in the left
of the water supply case 42. When the detergent con-
tainer 80 has been set in the water supply case 42, the
magnet 103 is located in proximity to the reed switch
102 such that the reed switch is turned on. Thus, the
reed switch 102 and the magnet 103 serve as detecting
means for detecting attachment or detachment of the
detergent container 80 to or from the water supply case
42.

[0020] Referring now to FIG. 5, a water supply unit 45
is provided on the right of the pump 38 in the outer cab-
inet 1. The pump 38 and the water supply unit 45 con-
stitute water supplying means in the invention. The wa-
ter supply unit 45 includes a single water input section
46 and three water output sections 47 to 49. The water
input section 46 is connected through a hose (not
shown) to a faucet of a water service. Three valves 50
to 52 are mounted on the water output sections 47 to 49
respectively. The valves 50 and 51 are connected
through hoses 53 and 54 to the water supply case 42
respectively. The valve 52 is connected through a hose
55 to the water inlet 36 of the duct 32a. Thus, the water
supply unit 45 serves as heat exchanger water supply-
ing means.

[0021] Bathwater is supplied via the hose 43 into the
water supply case 42. Water from the water service is
supplied via the hose 53 into the water supply case 42.
The bathwater and the water from the water service are
caused to pass through the containers 83 and 84 and
thereafter supplied into the water tub 7. On the other
hand, water from the water service is supplied via the
hose 54 into the water supply case 42. The water is then
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caused to pass through the container 85 and thereafter
supplied into the water tub 7.

[0022] The operation panel 3 will be described in de-
tail with reference to FIG. 3. The operation panel 3 in-
cludes a power supply switch 56, start switch 57 serving
also as an interrupt switch, various switches 58 to 63,
and display sections 64 to 70 displaying contents set by
the respective switches 58-63. The operation panel 3
further includes switches 72 to 75 and display sections
76 to 79 displaying contents set by the respective
switches 72-75. For example, a COURSE switch 60 is
provided for setting a washing course. A DETERGENT
switch 63 is provided for setting a used detergent be-
tween an ordinary synthetic detergent (corresponding
to a non-low-foaming detergent) and a low foaming de-
tergent. When the ordinary synthetic detergent is set,
the display section 70 comprising LEDs is turned on. In
the following description, a mode in which an ordinary
synthetic detergent is used in a washing operation will
be referred to as "ordinary synthetic detergent mode."
A mode in which a low foaming detergent is used in a
washing operation will be referred to as "low foaming
detergent mode." Furthermore, the display section 69
displays an amount of detergent according to an amount
of laundry put into the rotating tub 9. In particular, the
display section 69 displays an amount of detergent ac-
cording to a type of the set detergent in the embodiment.
Thus, the display section 69 serves as detergent
amount display means.

[0023] Referring to FIG. 8, an electrical arrangement
of the washer-drier is shown. A control circuit 86 serving
as control means comprises a microcomputer and
stores a control program for controlling an overall wash-
ing operation and an overall drying operation. An input
circuit 87 delivers an operation signal to the control cir-
cuit 86. The reed switch 102 also delivers the operation
signal to the control circuit 86. A water level sensor 88,
a rotational position sensor 89, a turbidity sensor 90 and
a dryness sensor 91 deliver respective signals to the
control circuit 87. The input circuit 87 outputs operation
signals delivered in response to the switches 57 to 63
and 72 to 75 except for the power switch 56 on the op-
eration panel 3. The water level sensor 88 detects a wa-
terlevelin the watertub 7. The rotational position sensor
89 delivers a rotational position signal according to a
rotational position of the motor 16. The turbidity sensor
90 comprises a photosensor detecting transmittance of
washing liquid in the water tub 7 and delivers a signal
according to turbidity of the washing liquid. The dryness
sensor 91 delivers a signal according to a dryness factor
of the laundry. For example, the dryness sensor 91 com-
prises a thermistor detecting a temperature in the duct
32a of the heat exchanger 32 and another thermistor
detecting a temperature in the water tub 7.

[0024] The motor 16 is electrically connected via an
inverter circuit 92 to the control circuit 86. A buzzer 93,
a display circuit 94 and the heating element 20 are con-
nected via a drive circuit 95 to the control circuit 86. The



7 EP 1213 384 A2 8

drain valve 21, motor 27, heating element 30, pump 38
and valves 50 to 52 are also connected via the drive
circuit 95 to the control circuit 20. The display circuit 94
is connected to the display sections 64 to 70 and 76 to
79 of the operation panel 3. The control circuit 86 and
the motor 16 constitute drive means and laundry amount
detecting means. Furthermore, the control circuit 86 and
the display circuit 94 constitute detergent amount dis-
play means. The control circuit 86 further serves as sup-
plied water amount determining means.

[0025] The operation of the washer-drier will now be
described with reference to FIGS. 9 to 14. The following
mainly described the differences between the ordinary
synthetic detergent mode and the low foaming deter-
gent mode under a STANDARD course. FIG. 9 shows
processing steps carried out when the STANDARD
course has been set. In the STANDARD course, wash,
intermediate dehydration, rinse, final dehydration and
drying steps are sequentially carried out upon operation
ofthe start switch 57. In the wash step, a water supplying
operation (step S1), a washing operation (step S2) and
a dehydrating operation (step S3) are sequentially car-
ried out. In the water supplying operation, a water level
in the water tub 7 in the wash step is firstly determined.
Four water levels, that is, EXTREMELY LOW, LOW,
MIDDLE and HIGH, are previously set according to an
amount of laundry put into the rotating tub 9. An amount
of laundry in the rotating tub 9 is detected on the basis
of a rotational speed of the motor 16 and accordingly a
rotational speed of the rotating tub 9 in a case where a
predetermined input current is supplied to the motor 16
so that the motor is driven. FIG. 10 shows water levels
in the water tub 7 according to an amount of laundry. As
shown, all the water levels in an ordinary synthetic de-
tergent mode except the EXTREMELY LOW are lower
by 20 mm than those in a low foaming detergent mode
respectively. The water level of EXTREMELY LOW is
set at 40 mm in each detergent mode.

[0026] The control circuit 86 stores data of amounts
of detergent according to the water levels. When a water
level has been determined, an amount of detergent ac-
cording to the determined water level is displayed on the
display section 69. FIGS. 11A and 11B illustrate exam-
ples of displayed detergent amounts corresponding to
the HIGHSs in the low foaming and ordinary synthetic de-
tergent modes respectively. A pictograph 69a similar to
the character of U and displayed on the right-hand part
of the display section 69 designates a measuring cup
representative of a unit of detergent amount. An amount
of detergent corresponding to the HIGH in the low foam-
ing detergent mode is displayed as 0.8 cups. An amount
of detergent corresponding to the HIGH in the ordinary
synthetic detergent mode is displayed as 1 cup. All the
water levels in the ordinary synthetic detergent mode
except the EXTREMELY LOW are lower by 20 mm than
those in the low foaming detergent mode respectively
as described above. Accordingly, detergent amounts in
the low foaming detergent mode are larger by 0.2 cups
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than those in the ordinary synthetic detergent mode re-
spectively. Based on the detergent amount displayed on
the display section 69, the user puts a suitable amount
of detergent into the container 83 or 84 of the detergent
container 80.

[0027] When the water level has been determined
and the detergentamount has been displayed, the water
supply unit 45 or the pump 38 is driven so that water is
supplied into the water tub 7. In this case, the control
circuit 86 determines whether the detergent container
80 is attached to the water supply case 42, based on
the signal from the reed switch 102. Based on the de-
termination, the control circuit 68 starts driving the water
supply unit 45 or the pump 38. FIG. 12 shows a deter-
mining process on the basis of the signal delivered from
the reed switch 102. At step A1, the control circuit 68
determines whether the reed switch 102 has been
turned on, namely, whether the detergent container 80
has been detached from the water supply case 42 and
re-attached to the water supply case 42 with detergent
in the container 83 or 84. When determining in the af-
firmative at step A1, the control circuit 68 determines at
step A2 that the detergent container 80 has been set,
finishing the process and starting the water supply.
[0028] On the other hand, when determining in the
negative at step A1, the control circuit 68 advances to
step A3 to determine whether the reed switch 80 is in
an OFF-state. When the reed switch 102 is in the OFF-
state (YES), thatis, when the detergent container 80 has
not been attached to the water supply case 42, the con-
trol circuit 68 advances to step A4 to determine whether
a time t1 has elapsed after the detergent amount has
been displayed on the display section 69. When the time
t1 has not elapsed (NO), the control circuit 68 returns to
step A1. When the time t1 has elapsed (YES), the con-
trol circuit 68 operates the buzzer 93 so that an error is
informed of (step A5). Thereafter, the control circuit 68
returns to step A1 when the start switch 57 is operated
(YES at step A6). Accordingly, when finding occurrence
of the error by activation of the buzzer 93, the user at-
taches the detergent container 80 to the water supply
case 42. As a result, water supply starts.

[0029] On the other hand, when determining in the
negative (NO) at step A3 or when the detergent contain-
er 80 has been attached to the water supply case 42,
the control circuit 68 advances to step A7 to determine
whether a time t2 has elapsed after the detergent
amount was displayed on the display section 69. When
the time t2 has not expired (NO), the control circuit 68
returns to step A1. When the time t2 has expired (YES),
the control circuit 68 determines that the detergent con-
tainer 80 has been attached to the water supply case
42, finishing the processing. Thus, when the time t2 has
expired at step A7, the control circuit 68 determines that
the detergent container 80 has been set. This determi-
nation takes it into consideration that the user puts de-
tergent into the detergent container 80 and attaches the
detergent container to the water supply case 42 before
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a detergent amount is displayed on the display section
69 or that the washing operation is carried out without
use of a detergent. Accordingly, the water supply is not
carried out without the detergent container 80 attached
to the water supply case 42 in the washer-drier of the
embodiment.

[0030] When a predetermined water level is reached
in the water tub 7 such that water supply is finished, the
rotating tub 9 is driven so that the washing operation is
carried out (step S2). In this case, under the low foaming
detergent mode, the motor 16 is controlled so that states
of a low speed ranging from 40 to 50 rpm, a high speed
ranging from 60 to 80 rpm and stop are sequentially re-
peated, as shown in FIG. 13. In the low speed state, the
laundry in the rotating tub 9 is pushed by a baffle 11
thereby to be moved upward and thereafter falls down,
so that the laundry is washed. In the high speed state,
the laundry in the rotating tub 9 is rotated while adhering
to a circumferential wall of the rotating tub 9 by a cen-
trifugal force, so that the laundry is washed.

[0031] Under the ordinary synthetic detergent mode,
the motor 16 is controlled so that two states, that is, a
low speed ranging from 40 to 50 rpm and stop are alter-
nately repeated as shown in FIG. 14. Accordingly, in the
ordinary synthetic detergent mode, the laundry in the ro-
tating tub 9 is pushed by the baffle 11 thereby to be
moved upward and thereafter falls down, so that the
laundry is washed. As a result, an amount of foam pro-
duced during the washing operation under the ordinary
synthetic detergent mode can be reduced.

[0032] Upon completion of the washing operation, the
drain valve 21 is opened so that the water tub 7 is
drained (step S3). Under the ordinary synthetic deter-
gent mode, while the drain valve 21 is open, water is
supplied by the water supply unit 45 and the rotating tub
9 is rotated in one direction at high speeds so that a
foam discharging operation is carried out at predeter-
mined intervals.

[0033] Upon completion of the wash step, the control
circuit 86 opens the valve 52 of the water supply unit 45
to supply water from the water service into the duct 32a
of the heat exchanger 32 (step S4), advancing to the
subsequent intermediate dehydration step (step S5).
Thus, the water is supplied into the duct 32a so that foam
and lint having entered the duct 32a until start of the
drying step are discharged through the air inlet 34. In
the intermediate dehydration step, the rotating tub 9 is
rotated while the drain valve 21 is open.

[0034] In the rinse step, the rotating tub 9 is rotated
while water is being supplied into the water tub 7 (step
S6), and the water tub 7 is drained while the drain valve
21is open (step S7). These steps are carried outin turn.
At step S8, the control circuit 86 determines whether the
rinsing and draining operations have been carried out N
times. The control circuit 86 returns to step S6 when the
operations has not been carried out N times.

[0035] The number of times N under the low foaming
detergent mode is set at one or three on the basis of a
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result of detection by the turbidity sensor 90. On the oth-
er hand, the number of times N is set at four in the ordi-
nary synthetic detergent mode.

[0036] Upon completion of the rinse step, the control
circuit 86 advances to step S9 to determine whether the
drying step is carried out. When determining that the
rinse step is carried out (YES) , the control circuit 86 ad-
vances to step S10 to energize the heating element 30.
When the final dehydration step (step S11) and the dry-
ing step (step S12) have been carried out, the valve 52
of the water supply unit 45 is closed so that the water
supply into the duct 32a of the heat exchanger 32 is
stopped, whereby the washing operation is completed.
Under either low foaming detergent mode or ordinary
synthetic detergent mode, the rotating tub 9 is rotated
in one direction at high speeds with the drain valve 21
being open in the final dehydration step.

[0037] In the drying step, the rotating tub 9 is rotated
at low speeds in both directions alternately, and the
blower 23 is driven. Prior to the drying step, the heating
element 30 is energized, and water is supplied from the
water supply unit 45 into the duct 32a. As a result, moist
air in the rotating tub 9 is sucked via the holes 10 and
airinlet 34 into the duct 32a. The air sucked into the duct
32ais condensed by the water supplied through the wa-
ter inlet 36 to be dehumidified. The dehumidified air
flows through the air outlet 35 into the casing 25 of the
blower 23. The dehumidified air then flows through the
casing 29 of the heater 24 and the duct 31 in turn to be
returned via the warm air discharge hole 12a into the
water tub 7 and the rotating tub 9. As the result of the
above-described air circulation, air in the rotating tub 9
is warmed and dehumidified, whereupon the laundry is
dried. In particular, the heating element 30 is energized
prior to the drying step in the embodiment and accord-
ingly, a drying time can be reduced.

[0038] The control circuit 86 determines in the nega-
tive at step S9 in the case of the STANDARD course
including only the washing operation. The final dehydra-
tion step is carried out at step S14, and all the steps
have been completed.

[0039] According to the foregoing embodiment, the
water level in the wash step in the ordinary synthetic de-
tergent mode is lower than that in the low foaming de-
tergent mode. Further, an amount of detergent in the
wash step under the ordinary synthetic detergent mode
is smaller than that under the low foaming detergent
mode. Consequently, an amount of foam produced in
the wash step can be reduced since the ordinary syn-
thetic detergent is used. Furthermore, a capacity of the
rotating tub 9 accommodating the foam produced in the
wash step can be increased since the water level is re-
duced. Accordingly, the foam produced in the wash step
can be prevented from entering a space between the
tubs 9 and 7 to obstruct rotation of the rotating tub 9.
[0040] Under the ordinary synthetic detergent mode,
the rotating tub 9 is rotated at low speeds in the washing
operation. Consequently, an amount of foam produced
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can be reduced. In the conventional drum type washing
machines, a large amount of foam is produced in the
rotating tub when an ordinary synthetic detergent is
used, whereupon the cleaning effect is reduced and ro-
tation of the rotating tub is obstructed. In the foregoing
embodiment, however, the wash step can be carried out
desirably even when an ordinary synthetic detergent is
used.

[0041] Under the ordinary synthetic detergent mode,
the foam discharging operation is carried out between
the draining operation and the dehydrating operation in
the intermediate dehydration step. Consequently, the
rotation of the rotating tub 9 in the dehydrating operation
can be prevented from being obstructed by the foam
produced during the wash step. Furthermore, the rinsing
operation is carried out in the rinse step under the ordi-
nary synthetic detergent mode more frequently than the
rinsing operation in the rinse step under the low foaming
detergent mode. Consequently, the foam discharge can
be enhanced even when the use of an ordinary synthetic
detergent results in a large amount of foam.

[0042] FIG. 15illustrates a second embodiment of the
invention. FIG. 15 is a flowchart showing a process for
determining a water level and an amount of detergent
in the wash step. More specifically, the control circuit 86
firstly carries out a first detection of laundry amount (step
B1) and determines an amount of detergent on the basis
of aresult of the detection (step B2). In the first detection
of laundry amount, a predetermined input current is sup-
plied to the motor 16 so that the rotating tub 9 is driven
for a short period of time, for example, 15 seconds. Ac-
cordingly, a rough amount of laundry is obtained in the
first detection. Upon determination of a detergent
amount, the control circuit 86 displays the determined
detergent amount on the display section 69. Thus, since
the user finds a necessary amount of detergent at an
initial stage of the wash step, the detergent can quickly
be put into the detergent container 80.

[0043] The control circuit 86 then carries out a second
detection of laundry amount (step B3) and determines
a water level in the water tub 7 in the wash step on the
basis of a result of the detection (step B4). In the second
detection of laundry amount, the predetermined input
current is supplied to the motor 16 so that the rotating
tub 9 is driven for a longer period of time than in the first
detection, for example, 40 seconds. Accordingly, a more
accurate laundry amount can be obtained in the second
detection than in the first detection. Based on the result
of laundry amount detection, the control circuit 86 de-
termines any water level between a minimum water lev-
el and a maximum water level. A suitable amount of wa-
ter is supplied into the water tub 7 according to the laun-
dry amount by the water supply unit 45 or pump 38.
[0044] When putting detergentinto the detergent con-
tainer 80, the user measures a necessary amount of de-
tergent with a measuring cup or the like. The detergent
amount may sometimes involve an accidental error. Ac-
cordingly, no problem arouses even when a laundry
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amount is determined on the basis of the rough first de-
tection.

[0045] FIG. 16 illustrates a third embodiment of the
invention. FIG. 16 is a flowchart showing a process for
determining whether a detergent container 80 has been
setinthe water supply case 42. In the third embodiment,
when determining at step A7 that the time t2 has expired
since a detergent amount was displayed on the display
section 69 (YES), the control circuit 68 advances to step
A71 to turn on the buzzer 93 to inform of an error. There-
after, upon operation of the start switch 57 (YES at step
A72), the control circuit 86 advances to step A2. Alter-
natively, when a time t3 has expired (YES at step A73)
without operation of the start switch 57 (NO at step A72),
the control circuit 86 advances to step A2. Consequent-
ly, the user can remember to put the detergent into the
detergent container 80.

[0046] FIG. 17 to 21 illustrate a fourth embodiment of
the invention. A generally rectangular box shaped air
trap 111 is mounted on the rear of the duct 32a of the
heat exchanger 32. The duct 32a is formed with an over-
flow hole 112 through which water in the duct 32a is
caused to overflow under an abnormal condition. The
air trap 111 is located lower than the overflow hole 112.
The rear of the duct 32a has a small through hole 111a
corresponding to a lower portion of the air trap 111. The
air trap 111 communicates via the hole 111a with the
duct 32a.

[0047] A pressure sensor 113 is mounted on an inner
wall of the top of the outer casing 1. The pressure sensor
113 is connected via a tube 114 to the air trap 111. Pres-
sure in the air trap 111 is detected by the pressure sen-
sor 113. The pressure sensor 113 is of a high sensitive
type and can detect a very small pressure of about sev-
eral hundreds [Pa]. The pressure sensor 113 delivers a
signal to the control circuit 86.

[0048] The control circuit 86 determines a condition
of foam in the rotating tub 9 on the basis of the signal
delivered by the pressure sensor 113 when the wash
step is carried out. Thus, the control circuit 86, air trap
111 and pressure sensor 113 constitute foam detecting
means. Accordingly, a test is conducted prior to ship-
ment of products. In the test, water is supplied into the
water tub 7, and whether a detected value of the pres-
sure sensor varies approximately when a water level
reaches the small hole 111a.

[0049] FIG. 19 is a flowchart showing a process for
the wash step. The control circuit 86 firstly inputs a de-
tected value P of the pressure sensor 113, storing it as
a reference PO (step C1). The control circuit 86 further
stores data of an upper limit value PA and a lower limit
value PB of the detected value P. When the detected
value P obtained at step C1 is smaller than the lower
limit value PB, the control circuit 86 determines that the
detection is erroneous. In this case, the lower limit value
PB is stored as the reference P0. Water is then supplied
into the water tub 7. (step C2). Water supply is carried
out until a water level according to a laundry amount is
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reached, and the rotating tub 9 is rotated at low speeds
so that the laundry and wash liquid in the rotating tub 9
are agitated.

[0050] Upon completion of the water supply, the con-
trol circuit 86 starts the washing operation (step C3). The
rotating tub 9 is rotated in opposite directions alternately
(as in the directions of arrows X and Y in FIG. 18) either
under the low foaming detergent mode or under the or-
dinary synthetic detergent mode. Upon start of the
washing operation, the control circuit 86 inputs the de-
tected value P of the pressure sensor 113 in synchroni-
zation with rotation of the tub 9 in the direction of arrow
X (step C4). The control circuit 86 then obtains the dif-
ference AP between the reference PO and the input de-
tected value P by calculation (step C5). When the de-
tected value P is without the range between the lower
limit value PB and the upper limit value PA, the control
circuit 86 determines that the detection is erroneous, re-
inputting the detected value P. Additionally, when the de-
tected value P is smaller than the reference PO, the ref-
erence PO is renewed to the detected value P.

[0051] Foam is produced in the rotating tub 9 when
the washing operation is carried out. In this case, a large
amount of foam is produced as shown in FIG. 20 when
an ordinary synthetic detergent has been used although
the low foaming detergent mode has been set, or when
a large amount of detergent exceeding an amount dis-
played on the display section 69 has been put into the
detergent container 80. The foam enters a space be-
tween the tubs 7 and 9 through the holes 10. The foam
further enters the duct 32a through the air inlet 34. Pres-
sure in the air trap 111 is increased when the foam in
the duct 32a has reached the small hole 111a. FIG. 21
shows changes in the pressure in the air trap 111. The
foam does not reach the small hole 111a until a short
period of time expires from start of the washing opera-
tion and accordingly, pressure in the air trap 111 is main-
tained at a low value. However, the pressure in the air
trap 111 is suddenly increased when the foam has
reached the small hole 111a.

[0052] The duct32ais disposed on a left-hand portion
of the rear end plate of the water tub 7 as shown in FIG.
18. Accordingly, when the rotating tub 9 is rotated in the
direction of arrow X, water in the water tub 7 tends to
easily enter the duct 32a with rotation of the rotating tub
9. As a result, the foam in the duct 32a is forced upward
such that the pressure in the air trap 111 is changed to
a large extent. Accordingly, the control circuit 86 inputs
the detected value P of the pressure sensor 113 in syn-
chronization with rotation of the tub 9 in the direction of
arrow X.

[0053] The above-mentioned difference AP is com-
pared with a threshold KP at step C6. The threshold KP
was experimentally obtained from the pressure changes
in the air trap 111 as shown in FIG. 21. When the differ-
ence AP is smaller than the threshold KP (NO), the con-
trol circuit 86 determines that the condition of the foam
is normal (step C7), advancing to step C8. On the other
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hand, when the difference AP is larger than the thresh-
old KP (YES), the control circuit 86 determines that the
condition of the foam is abnormal (step C9). Succes-
sively, the control circuit 86 determines whether the de-
termination that the condition of the foam is abnormal
has taken place at a predetermined number of times, for
example, three times (step C10). When the determina-
tion has taken place once or twice, the drain valve 21 is
opened for 12 seconds, for example so that part (about
2 lit.) of the water in the water tub 7 is discharged (step
C11). The control circuit 86 then advances to step C8.
When the determination has taken place three times,
the drain valve 21 is opened (step C12), advancing to
step C8.

[0054] At step C8, the control circuit 86 determines
whether the washing operation is finished. When the
washing operation is to be continued (NO), the control
circuit 86 returns to step C4 to repeat the above process-
ing. Accordingly, when the drain valve 21 is opened at
step C12, the washing operation is carried out with all
the wash liquid in the water tub 7 discharged. In this
case, wash liquid having permeated the laundry is uti-
lized for the washing operation. On the other hand, when
the washing operation has been finished (YES at step
C8), the control circuit 86 advances to step C13 to de-
termine whether the determination of abnormal condi-
tion has taken place at least once. When determining
that the determination of abnormal condition has taken
place at least once (YES), the wash liquid discharging
operation is carried out together with the aforesaid foam
discharging operation (step C14). When determining
that the determination of abnormal condition has never
taken place (NO), a normal draining operation is carried
out (step C15).

[0055] According to the fourth embodiment, the pres-
sure in the air trap 111 is detected by the pressure sen-
sor 113. Based on the detected pressure, the control cir-
cuit 86 determines whether the condition of foam in the
tub 9 is abnormal. Consequently, the control circuit 86
can detect production of a large amount of foam in the
tub 9 due to an error in the type of detergent used or an
error in an amount of detergent.

[0056] When the determination of abnormal foam
condition has taken place once or twice, part of the wash
liquid in the water tub 7 is discharged. As a result, a
space accommodating the foam in the water tub 7 is in-
creased and accordingly, the height of the foam is re-
duced. Consequently, an adverse effect of the foam on
the washing operation can be reduced. Furthermore, an
amount of wash liquid in the water tub 7 is reduced such
that an amount of foam produced after the determination
by the control circuit 86 can be reduced. Additionally,
when the determination of abnormal foam condition has
taken place three times, all the wash liquid is discharged
from the water tub 7. Consequently, little foam is pro-
duced after the determination.

[0057] FIGS. 22 and 23 illustrate a fifth embodiment
of the invention. Only the difference between the fourth
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and fifth embodiments will be described. In the fifth em-
bodiment, the value of the threshold KP is changed by
stages according to a time expired from start of the
washing operation for the following reason: an adverse
effect of the foam on the washing operation is small if
the foam density is small even when a large amount of
foam is produced in the rotating tub 9. Differences in the
foam density result from the type of detergent and a de-
tergent amount. Even when the foam having entered the
duct 32a reaches the small hole 111a of the air trap 111,
the pressure in the air trap 111 differs depending upon
the foam density. FIG. 22 shows pressure changes (dif-
ference AP from the reference P0) with lapse of time
during the washing operation. Curve D1 represents a
lowest density and curve D4 represents a highest den-
sity. As shown, the pressure is increased upon start of
the washing operation in the case of the foam with a
high density. On the other hand, the pressure does not
almost change in the case of the foam with a low density.
[0058] In the fifth embodiment, the threshold is set at
a large value in an initial stage of the washing operation
so as to correspond to a high-density foam, as shown
in FIG. 23. Even when foam has reached the small hole
111a of the air trap 111 in the case where a foam density
is low, the control circuit 86 is arranged not to determine
that the foam condition is abnormal. Further, the thresh-
old is rendered smaller with lapse of time from initial oc-
currence of foam so that a low-density foam is coped
with. Consequently, the determination that the foam
condition is abnormal can be made with a suitable timing
irrespective of a foam density.

[0059] In the first embodiment, the water level under
the ordinary synthetic detergent mode is set so that an
amount of water is smaller by 20 ml than that under the
low foaming detergent mode. However, the water level
under the ordinary synthetic detergent mode may be set
to be about 80% of that under the low foaming detergent
mode, instead.

[0060] The time period of the washing operation may
be increased when the rotational speed of the rotating
tub 9 during the washing operation under the ordinary
synthetic detergent mode is rendered lower than that
under the low foaming detergent mode. In this case, the
time period of the washing operation under the ordinary
synthetic detergent mode may be rendered longer by 5
minutes than that under the low foaming detergent
mode or by 30%.

[0061] The detecting means for detecting the deter-
gent container setin the water supply case 42 may com-
prise a microswtich or a photoelectric switch.

[0062] In the fourth embodiment, the rotational speed
of the rotating tub 9 may be reduced when the determi-
nation that the condition of the foam is abnormal has
taken place once or at a plurality of times. In this case,
too, an amount of foam produced after the determination
by the control circuit 86 can be reduced.

[0063] The air trap 111 may be disposed at any loca-
tion where a large amount of foam produced in the ro-
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tating tub 9 changes the pressure in the air trap.
[0064] The presentinvention may be applied to drum
type washing machines without a drying function. The
invention may further be applied to full automatic wash-
ing machines of the vertical axis type with or without a
drying function.

[0065] The foregoing description and drawings are
merely illustrative of the principles of the present inven-
tion and are not to be construed in a limiting sense. Var-
ious changes and modifications will become apparent
to those of ordinary skill in the art. All such changes and
modifications are seen to fall within the scope of the in-
vention as defined by the appended claims.

Claims

1. A washing machine including a water tub (7), a ro-
tating tub (9) rotatably mounted in the water tub (7)
so that laundry is put into the rotating tub (9), water
supplying means (38, 45) for supplying water into
the water tub (7), drive means (16, 86) for rotating
the rotating tub (9), and control means (86) for con-
trolling the water supplying means (38, 45) and the
drive means (16, 86) so that a washing operation is
carried out for the laundry, characterized in that
the control means (86) carries out the washing op-
eration under a non-low-foaming detergent mode
suitable for a case where a detergent used is a non-
low-foaming detergent.

2. A washing machine according to claim 1, charac-
terized in that the control means (86) carries out
the washing operation selectively under a low foam-
ing detergent mode suitable for a case where the
detergent used is the low foaming detergent or un-
der the non-low-foaming detergent mode.

3. A washing machine according to claim 2, charac-
terized in that the control means (86) controls the
water supplying means (38, 45) so that an amount
of water supplied is smaller when the washing op-
eration is carried out under the non-low-foaming de-
tergent mode than when the washing operation is
carried out under the low foaming detergent mode.

4. A washing machine according to claim 2, charac-
terized in that the control means (86) controls the
drive means (16, 86) so that a rotational speed of
the rotating tub (9) is lower when the washing op-
eration is carried out under the non-low-foaming de-
tergent mode than when the washing operation is
carried out under the low foaming detergent mode.

5. A washing machine according to claim 2, charac-
terized in that the control means (86) controls the
water supplying means (38, 45) and the drive
means (16, 86) subsequently to the washing oper-
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ation so that a rinsing operation is carried out for the
laundry, and a number of times of the rinsing oper-
ation carried out subsequently to the washing oper-
ation under the non-low-foaming detergent mode is
larger than a number of times of the rinsing opera-
tion carried out subsequently to the washing oper-
ation under the low foaming detergent mode.

A washing machine according to claim 1 or 2, char-
acterized in that subsequently to the washing op-
eration under the non-low-foaming detergent mode,
the control means (86) carries out a foam discharg-
ing operation in which the drive means (16, 86) is
caused to rotate the rotating tub (9) while the water
supplying means (38, 45) is being caused to supply
water into the water tub (9), so that foam is dis-
charged from the rotating tub (9).

A washing machine according to claim 1 or 2, char-
acterized in that the rotating tub is rotated about a
horizontal axis and the control means (86) controls
the drive means (16, 86) so thatin a case where the
washing operation is carried out under the non-low
foaming detergent mode, the laundry falls without
adhering to an inner wall of the rotating tub (9) when
moved to an upper interior of the rotating tub (9).

A washing machine according to claim 2, further
characterized by detergent amount display means
(69, 86, 94) for displaying an amount of detergent
according to a mode of the washing operation.

A washing machine according to claim 1 or 2, fur-
ther characterized by laundry amount detecting
means (16, 86) for executing a first detecting oper-
ation in which a rough amount of the laundry in the
rotating tub (9) is detected and a second detecting
operation in which an accurate amount of the laun-
dry is detected, the first and second detecting op-
erations being executed in turn in this order, deter-
gent amount display means (69, 86, 94) for display-
ing an amount of a detergent on the basis of a result
of the first detecting operation, and water amount
determining means (86) for determining an amount
of water supplied into the water tub (7) on the basis
of a result of the second detecting operation.

A washing machine according to claim 1 or 2, fur-
ther characterized by drying means (100) provided
for drying the laundry in the rotating tub (9) and in-
cluding a heat exchanger (32) mounted on the wa-
ter tub (7) and heat exchanger water supply means
(45) for supplying water to the heat exchanger (32),
and

characterized in that the control means (86) caus-
es the heat exchanger water supply means (45) to
supply water to the heat exchanger (32) at least one
of a rinse step and a dehydration step.
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A washing machine according to claim 1, further
characterized by foam detecting means (86, 111,
113) for detecting an amount of foam produced in
the rotating tub (9) during the washing operation.

A washing machine according to claim 11, further
characterized by draining means (21) for draining
the water tub (7), and characterized in that when
determining that an amount of foam produced is ex-
cessive, based on a result of detection by the foam
detecting means (86, 111, 113), the control means
(86) drives the draining means (21) so that the water
tub (7) is partly drained.

A washing machine according to claim 11, further
characterized by draining means (21) for draining
the water tub (7), and characterized in that when
determining that an amount of foam produced is ex-
cessive, based on a result of detection by the foam
detecting means (86, 111, 113), the control means
(86) drives the draining means (21) so that the water
tub (7) is completely drained.

A washing machine according to claim 11, charac-
terized in that when determining that an amount of
foam produced is excessive, based on a result of
detection by the foam detecting means (86, 111,
113), the control means (86) controls the drive
means (16, 86) so that a rotational speed of the ro-
tating tub (9) is reduced.

A washing machine according to claim 11, charac-
terized in that the control means (86) compares an
output value of the foam detecting means (86, 111,
113) with a threshold thereby to determine whether
an amount of foam produced is excessive and that
the threshold is varied according to a period of time
expiring from start of the washing operation.

A washing machine according to claim 11, charac-
terized in that the rotating tub is rotated in two di-
rections about a horizontal axis, that the foam de-
tecting means (86, 111, 113) includes an air trap
(111) mounted on a portion of a wall of the water tub
(7) circumferentially spaced from a lowermost por-
tion thereof and a pressure sensor (113) for detect-
ing pressure in the air trap (111), and that the control
means (86) determines whether an amount of foam
produced is excessive, based on an output value of
the pressure sensor (113) in a case where the ro-
tating tub (9) is rotated in a direction in which the air
trap (111) is spaced from the lowermost portion of
the water tub (7).
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