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(54) Washing machine

(57) A drum washing machine including a water tub,
a rotary tub rotatably provided in the water tub, a pump-
ing unit to pump water contained in a lower portion of
the water tub into the rotary tub, and a control unit to
control the pumping unit wherein the control unit con-

trols the pumping unit to pump the water contained in
the lower portion of the water tub into the rotary tub while
determining an amount of a laundry load.
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Description

[0001] The present invention relates to a drum wash-
ing machine comprising a fixed water tub, a rotary tub
rotatably mounted within the fixed tub to receive laundry
to be washed and a water pump and, a method of con-
trolling the drum washing machine.
[0002] In a conventional drum washing machine, a set
amount of water is fed into a water tub, and then a rotary
tub within the water tub is rotated alternately in opposite
directions to uniformly soak the laundry with the water.
As the laundry absorbs some of the water, the water lev-
el within the water tub/rotary tub lowers relative to the
water level when the water was initially fed in. Therefore,
supplementary water is fed into the water tub to restore
the lowered water level up to the initial water level.
[0003] A conventional drum washing machine deter-
mines the size of the laundry load according to the
number of water supplement operations. That is, if there
are a large number of water supplement operations, it
is deduced that the laundry load is large, whereas if
there are a small number of water supplement opera-
tions, it implies that the laundry load is small. The size
of the laundry load is used as basic data for subsequent
washing, rinsing and drying processes.
[0004] Generally, the length of time required for laun-
dry to sufficiently absorb water differs according to the
material(s) making up the laundry. In addition, the extent
to which the laundry absorbs water, and the time taken
to do so, also depends on how the laundry is arranged.
For example, if clothes of the laundry are tightly knotted
and entangled, the extent to which they absorb water
and the time taken to do so will be different than if the
laundry is loose and separate.
[0005] However, in conventional drum washing ma-
chines, the only way the water is caused to be absorbed
into the laundry is by rotating the rotary tub alternately
in opposite directions. Therefore, if the rotary tub con-
tains laundry having a relatively low water absorptivity,
or the clothes of the laundry are tight knotted and en-
tangled, the laundry may not be sufficiently and uniform-
ly soaked with the water within a short space of time.
Consequently, there is a problem in that it is difficult to
precisely determine the size of the laundry load within
a short space of time.
[0006] It is therefore an object of the present invention
to provide a drum washing machine, and a method of
controlling the drum washing machine, which substan-
tially alleviates or overcomes the problems mentioned
above.
[0007] The washing machine of the present invention
is characterised in that the water pump is operable to
pump water fed into the fixed water tub from the fixed
water tub and into the rotary tub.
[0008] A preferred embodiment comprises a circula-
tion pipe having one end connected to the fixed water
tub and the other end to an inlet to the rotary tub, the
pump being operable to pump water through the pipe

from the fixed water tub into the rotary tub.
[0009] A control unit and a water level sensor are pref-
erably provided to determine the level of water in the
rotary tub after the pump has stopped. Conveniently, the
control unit is operable to cause further water to be sup-
plied to the fixed water tub if the water level sensor de-
tects that the water level is below a predetermined level
and to restart the pump when the predetermined water
level has been reached. Advantageously, the water lev-
el sensor is operable to detect the water level in the ro-
tary tub each time the pump is stopped, the control unit
being operable to cause further water to be supplied to
the fixed water tub if the water level sensor detects that
the water level is below a predetermined level each time.
[0010] In a preferred embodiment, the water level
sensor is operable to continue detecting the water level
in the rotary tub each time the pump is stopped until a
predetermined time limit is exceeded or the predeter-
mined water level is maintained following operation of
the pump.
[0011] Preferably, the control unit is operable to cal-
culate the number of times that further water is supplied
to the fixed water tub each time that the pump is stopped
and, to determine the amount of laundry in the rotary
drum in dependence on the calculated number of times
that further water is supplied to the fixed water tub.
[0012] The drum washing machine may include a mo-
tor to rotate the rotary tub, wherein control unit may con-
trol the motor to rotate the rotary tub in opposite direc-
tions while controlling an operation of the pumping unit.
[0013] The drum washing machine control unit may
determine the water level from the water level sensor
when the pump and the motor are simultaneously
stopped.
[0014] The drum washing machine may include a us-
er input comprising a key input unit to receive washing
courses according to materials of the laundry load,
wherein the control unit operates the pump according to
ON-OFF periods corresponding to the washing courses.
[0015] The key input unit may be provided with wash-
ing course buttons for one or more of cotton fabrics,
mixed fabrics, woollen fabrics and synthetic fibres. The
ON-OFF periods of the pump may be set according to
a chosen one of the washing course buttons. Durations
of OFF periods of the ON-OFF periods may increase
from the cotton fabrics, to the mixed fabrics, to the wool-
len fabrics, to the synthetic fibres.
[0016] The method of controlling a drum washing ma-
chine of the present invention is characterised by the
steps of feeding a set amount of water into the fixed wa-
ter tub, operating the pump unit to circulate the water
between the fixed tub and the rotary tub, and determin-
ing the size of the laundry load.
[0017] A preferred method also comprises the step of
rotating the rotary tub whilst the pump unit circulates the
water. Conveniently, the operation of the pump unit is
variable dependent upon user input criteria.
[0018] Preferably, the method also includes the steps
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of performing a number of additional water feeding op-
erations within a preset time period to maintain the water
level at a predetermined level, calculating the number
of additional water feeding operations, and determining
the size of the laundry load based on the number of ad-
ditional water feeding operations.
[0019] The drum washing machine control method
may include operating a motor to rotate the rotary tub
alternately in opposite directions while controlling an op-
eration of the pumping unit.
[0020] The drum washing machine control method
may include determining the water level of the rotary tub
using a water level sensor, when the pumping unit and
the motor are simultaneously stopped.
[0021] The pumping unit operations may be preset
according to materials of the laundry load.
[0022] The time duration of pumping operations of the
pumping unit may increase from a cotton fabrics wash-
ing course, to a mixed fabrics washing course, to a wool-
len fabrics washing course, to a synthetic fibre washing
course.
[0023] A preferred embodiment of the present inven-
tion will now be described with reference to the accom-
panying drawings, in which:

Figure 1 is a perspective view showing an internal
structure of a drum washing machine according to
an embodiment of the present invention;
Figure 2 is a control flowchart of a method of con-
trolling the drum washing machine according to an
embodiment of the present invention;
Figures 3A and 3B are timing diagrams showing a
procedure of reading a water level value from a wa-
ter level sensor so as to detect a current water level
of a rotary tub in Figure 2;
Figure 4 is a control flowchart showing a method of
setting an ON-OFF period of a pump according to
washing course buttons which are chosen by a user
based on materials of laundry; and
Figures 5A, 5B and 5C are timing diagrams showing
the ON-OFF period of the pump according to but-
tons of Figure 4.

[0024] Referring now to Figure 1, the drum washing
machine of the present invention includes a water tub
10 and a rotary tub 11 rotatably provided in the water
tub 10.
[0025] A water feed pipe 12 is connected to the water
tub 10 to supply water from an external water supply
pipe into the water tub 10. A water feed valve 13 is
mounted in the water feed pipe 12 to control the flow of
water. A detergent container 14 is disposed in the water
feed pipe 12.
[0026] A drain pipe 15 is disposed between the bot-
tom of the water tub 10 and a drain outlet to enable water
to be drained from the water tub 10. A drain pump 16
and a drain valve 17 are mounted in the drain pipe 15
to pump the water out of the water tub 10.

[0027] A circulating pipe 18 is branched from the drain
pipe 15 between the drain pump 16 and the drain valve
17. One end of the circulating pipe 18 is connected to
the water tub 10 and a remaining end thereof is provided
at an inlet of the rotary tub 11 so as to circulate the water
from the water tub 10 to the rotary tub 11. A spray nozzle
18a is disposed at said remaining end of the circulating
pipe 18 to spray the circulated water into the rotary tub
11. A circulating valve 19 is mounted in the circulating
pipe 18 to prevent water from flowing up into the circu-
lating pipe 18 when the system is draining the water to
the drain outlet. The circulating pipe 18, the drain pump
16, the spray nozzle 18a and the circulating valve 19
form a pumping unit.
[0028] A reversible motor 20 is coupled to the rotary
tub 11 and is operable to rotate said rotary tub 11. A
water level sensor (not shown) is mounted in the rotary
tub 11 to detect the water level within the rotary tub 11.
[0029] The water feed valve 13, the motor 20, the
drain pump 16, the drain valve 17, the circulating valve
19, and the water level sensor are all electrically con-
nected to a control unit (not shown) that performs the
entire control operation of the drum washing machine.
[0030] The control unit includes a user input side
which is connected to washing course buttons (not
shown) to receive information from a user regarding ma-
terials of the laundry, such as whether it comprises cot-
ton fabrics, woollen fabrics, or synthetic fibres. As will
be described later, the control unit controls the number
of pumping operations of the drain pipe 16, varied by
setting different ON-OFF periods of the drain pump 16,
in response to signals received from the buttons.
[0031] Referring now to the control flowchart of Figure
2, in operation 100, the water feed valve 13 is turned on
for a certain period, so that water is fed into the water
tub 10 until the level of the water reaches a preset water
level. Accordingly, water flows from the water feed pipe
12 through the detergent container 14, and fills a lower
portion of the water tub 10.
[0032] Once the water reaches the preset water level,
in operation 110, the water level sensor sends a signal
to the control unit which then controls the reversible mo-
tor 20 to rotate in forward and reverse directions so as
to rotate the rotary tub 11 in opposite directions, and
thereby cause the laundry to be sufficiently and uniform-
ly soaked with water. Simultaneously, also in operation
110, the control unit controls the drain pump 16 to cir-
culate water from the lower portion of the water tub 10
to be sprayed onto the laundry in the rotary tub 11.
[0033] Even if the laundry is tangled together, the al-
ternating opposite directional rotation of the rotary tub
11 and the water circulation and spray operation loosens
and separates it. Therefore, the laundry is sufficiently
and uniformly soaked with water within a short space of
time.
[0034] Thereafter, in operation 120, a water current
level reading is taken from the water level sensor within
rotary tub 11 to determine whether supplementary feed-
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ing of water is required. The water level is read during
an interval when both the motor and the pump are si-
multaneously turned off so that the water level can be
detected more accurately.
[0035] In operation 130, it is determined whether the
feeding of supplementary water is required, depending
on the read water level. If the read water level of the
rotary tub 11 is lower than the preset water level, it is
determined that the feeding of supplementary water is
required. On the contrary, if the read water level of the
rotary tub 11 is not lower than the preset water level, it
is determined that the feeding of supplementary water
is not required. If the feeding of supplementary water is
required, the water feed valve 13 is turned on in opera-
tion 140.
[0036] Thereafter, the control unit repeatedly per-
forms a series of operations for a preset period in which
laundry is allowed to be soaked with water and the sup-
plementary water is fed into the rotation tub 10 depend-
ing on the variations of the water level in the rotary tub
11.
[0037] Subsequently, the control unit determines
whether the preset period has elapsed in operation 150.
If the preset period has not elapsed, the control unit per-
forms operation 110 and repeats the operations of al-
lowing the laundry to be soaked with water and feeding
the supplementary water depending on the variations of
the water level. However, if the preset period has
elapsed, the number of water supplement operations
performed during the preset period is then determined
in operation 160.
[0038] In operation 170, the size of the laundry load
is determined based on the number of water supplement
operations determined from operation 160. That is, if the
number of water supplement operations is large, the
size of the laundry load is large, whereas if the number
of water supplement operations is small, the size of the
laundry load is small.
[0039] Figures 3A and 3B are timing diagrams show-
ing a procedure for reading the water level from the wa-
ter level sensor in the rotary tub, as in operation 120 in
Figure 2. The motor 20 and the drain pump 16 have dif-
ferent ON-OFF periods. However, the motor 20 and the
drain pump 16 are set to have intervals T1 during which
they are both simultaneously turned off. The control unit
reads the water level from the water level sensor during
these intervals T1 so as to detect the water level most
precisely.
[0040] Referring now to Figures 5A-5C with Figure 4
taken into consideration, it can be seen that the ON-OFF
period of the pump is set according to the washing
courses classified by the materials of the laundry, such
as cotton fabrics, mixed fabrics and woollen fabrics and
synthetic fibres.
[0041] For example, in the case of cotton fabrics hav-
ing a relatively large laundry load and high absorptivity,
the OFF period of the pump is set to be shorter than
those for other fabrics, so that the number of pumping

operations within the preset time period of the pump is
increased thereby enabling laundry to be sufficiently
soaked with water within a short time.
[0042] In the case of mixed fabrics having a similar
size laundry load, but low absorptivity compared to the
cotton fabrics, the OFF period of the pump is set to be
longer than that for the cotton fabrics thereby reducing
the number of pumping operations of the pump com-
pared to the cotton fabrics course.
[0043] Finally, woollen fabrics have a small size load
compared to the cotton fabrics and the mixed fabrics,
but have very high absorptivity according to material and
texture properties of the woollen fabrics. The synthetic
fibres have a small size load, small volume, small thick-
ness, and low absorptivity compared to the cotton fab-
rics and mixed fabrics, so that the amount of water re-
quired for washing is small. Therefore, in the case of the
woollen fabrics and the synthetic fibres, the OFF period
of the pump is set to be relatively longer than those for
the cotton fabrics and the mixed fabrics, thus reducing
the number of pumping operations of the pump com-
pared to the cotton fabrics and mixed fabrics courses.
[0044] As is apparent from the above description, the
present invention provides a drum washing machine
and a method of controlling the drum washing machine,
which circulates water contained in a water tub into a
rotary tub to be sprayed onto laundry simultaneously
with the rotation of the rotary tub in opposite directions,
so that the laundry is sufficiently and uniformly soaked
with water within a short space of time, and then the
laundry load size is precisely and quickly determined,
improving reliability of the determination.
[0045] Furthermore, the present invention is advanta-
geous in that it controls the number of water circulation
and spray operations performed by a pump according
to the materials of the laundry, thus precisely determin-
ing the amount of load of laundry within a short space
of time.
[0046] Although embodiments of the present inven-
tion have been shown and described, it would be appre-
ciated by those skilled in the art that changes may be
made in these embodiments without departing from the
principles of the invention, the scope of which is defined
in the claims and their equivalents hereafter.

Claims

1. A washing machine comprising a fixed water tub, a
rotary tub rotatably mounted within the fixed tub to
receive laundry to be washed and a water pump,
characterised in that the water pump is operable
to pump water fed into the fixed water tub from the
fixed water tub and into the rotary tub.

2. A washing machine according to claim 1, compris-
ing a circulation pipe having one end connected to
the fixed water tub and the other end to an inlet to
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the rotary tub, the pump being operable to pump
water through the pipe from the fixed water tub into
the rotary tub.

3. A washing machine according to claim 1 or claim 2,
including a control unit and a water level sensor to
determine the level of water in the rotary tub after
the pump has stopped.

4. A washing machine according to claim 3, wherein
the control unit is operable to cause further water to
be supplied to the fixed water tub if the water level
sensor detects that the water level is below a pre-
determined level and to restart the pump when the
predetermined water level has been reached.

5. A washing machine according to claim 4, wherein
the water level sensor is operable to detect the wa-
ter level in the rotary tub each time the pump is
stopped, the control unit being operable to cause
further water to be supplied to the fixed water tub if
the water level sensor detects that the water level
is below a predetermined level each time.

6. A washing machine according to claim 5, wherein
the water level sensor is operable to continue de-
tecting the water level in the rotary tub each time
the pump is stopped until a predetermined time limit
is exceeded or the predetermined water level is
maintained following operation of the pump.

7. A washing machine according to claim 6, wherein
the control unit is operable to calculate the number
of times that further water is supplied to the fixed
water tub each time that the pump is stopped and,
to determine the amount of laundry in the rotary
drum in dependence on the calculated number of
times that further water is supplied to the fixed water
tub.

8. A method of controlling a washing machine com-
prising a fixed water tub, a rotary tub within said
fixed water tub, a pump unit and a control unit char-
acterised by the steps of feeding a set amount of
water into the fixed water tub, operating the pump
unit to circulate the water between the fixed tub and
the rotary tub, and determining the size of the laun-
dry load.

9. A method according to claim 8 further comprising
the step of rotating the rotary tub whilst the pump
unit circulates the water.

10. A method according to claim 8 or claim 9 wherein
the operation of the pump unit is variable dependent
upon user input criteria.

11. A method according to any of claims 8-10 including

the steps of performing a number of additional water
feeding operations within a preset time period to
maintain the water level at a predetermined level,
calculating the number of additional water feeding
operations, and determining the size of the laundry
load based on the number of additional water feed-
ing operations.

12. A drum washing machine comprising a water tub, a
rotary tub rotatably provided in the water tub, a
pumping unit to pump water contained in a lower
portion of the water tub into the rotary tub, and a
control unit to control the pumping unit, wherein the
control unit controls the pumping unit to pump the
water contained in the lower portion of the water tub
into the rotary tub while determining an amount of
a laundry load.

13. The drum washing machine according to claim 12
wherein the pumping unit comprises a circulating
pipe having a first end coupled to an inside of the
water tub and a second end disposed at an inlet of
the rotary tub, a pump to pump the water contained
in the water tub into the rotary tub and a spray noz-
zle disposed at the second end of the circulating
pipe.

14. The drum washing machine according to claim 13
further comprising a motor to rotate the rotary tub
wherein the control unit controls the motor to rotate
the rotary tub in opposite directions while controlling
an operation of the pumping unit.

15. The drum washing machine according to claim 14
further comprising a water level sensor to detect a
water level of the rotary tub wherein the control unit
determines the water level from the water level sen-
sor in response to the pump and the motor being
simultaneously stopped.

16. The drum washing machine according to claim 12
further comprising a key input unit to receive wash-
ing courses according to materials of the laundry
load wherein the control unit operates the pump ac-
cording to ON-OFF periods corresponding to the
washing courses.

17. The drum washing machine according to claim 16
wherein the key input unit is provided with washing
course buttons for one or more of cotton fabrics,
mixed fabrics, woollen fabrics and synthetic fibres.

18. The drum washing machine according to claim 17
wherein the ON-OFF periods of the pump are set
according to a chosen one of the washing course
buttons.

19. The drum washing machine according to claim 18
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wherein durations of OFF periods of the ON-OFF
periods increase from the cotton fabrics, to the
mixed fabrics, to the woollen fabrics to the synthetic
fibres.

20. A method of controlling a drum washing machine,
the drum washing machine having a water tub, a
rotary tub, and a pumping unit to pump water con-
tained in a lower portion of the water tub into the
rotary tub, the method comprising feeding a set
amount of water according to a selected washing
course, and operating the pumping unit to pump the
water contained in a lower portion of the water tub
into the rotary tub while determining an amount of
laundry load.

21. The drum washing machine control method accord-
ing to claim 20 further comprising operating a motor
to rotate the rotary tub in opposite directions while
controlling an operation of the pumping unit.

22. The drum washing machine control method accord-
ing to claim 21 further comprising determining a wa-
ter level of the rotary tub through a water level sen-
sor which detects the water level of the rotary tub
in response to the pumping unit and the motor being
simultaneously stopped.

23. The drum washing machine control method accord-
ing to claim 20 wherein the pumping unit is designed
so that a time duration of pumping operations there-
of is preset according to materials of the laundry
load.

24. The drum washing machine control method accord-
ing to claim 23 wherein the time duration of pumping
operations of the pumping unit increases from a cot-
ton fabrics washing course to a mixed fabrics wash-
ing course, to a woollen fabrics washing course to
a synthetic fibre washing course.

25. A drum washing machine comprising a control unit
to control a time duration of water pumping opera-
tions according to a determination of a type of fabric
in a laundry load wherein the control unit deter-
mines a load amount of the laundry load by deter-
mining the number of the water pumping operations
required to reach a predetermined water level.

26. A drum washing machine comprising a pumping
unit to pump water and a control unit to control the
pumping unit to perform supplemental pumping op-
erations until a predetermined water level is
reached wherein the control unit determines a laun-
dry load amount according to a total of the supple-
mental pumping operations.
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