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(54) Clothes dryer

(57) A clothes dryer of the present invention has a
drum which accommodates an article to be dried; a drum
driving unit which rotationally drives the drum; a first air
passage having a first blow-out port opened to the drum;
a second air passage having a second blow-out port
opened to the drum and having a smaller air passage
cross-sectional area than the first blow-out port, an air
passage switching unit which selectively switches be-
tween the first air passage and the second air passage;
an air blowing unit which blows drying air into the first air
passage or the second air passage; and a controller
which controls the drum driving unit, wherein the air blow-
ing unit blows out the drying air of a larger amount into
the drum from the first blow-out port when the first air
passage is selected than when the second air passage
is selected, and the air blowing unit blows out the drying
air at a higher pressure and a higher speed into the drum
from the second blow-out port when the second air pas-
sage is selected than when the first air passage is se-
lected, and the controller changes rotation sequences of
the drum by controlling the drum driving unit according
to the selected one of the first air passage and the second
air passage.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a clothes dryer which dries clothes and the like.

2. Description of the Related Art

[0002] Conventionally, such a clothes dryer blows drying air through an air passage into a drum, brings the drying air
into contact with clothes and the like thrown into the drum to absorb moisture from the clothes for drying the clothes,
and discharges the drying air which contains moisture so as to have a high humidity, to an air passage outside the drum.
[0003] However, since the clothes are dried in a limited and small space of the drum, the clothes are tangled each
other during drying so that the drying air cannot be brought into contact with the tangled portions of the clothes. Thus,
it takes long time to dry tangled portions of the clothes, thereby increasing the required drying time.
[0004] Further, after the tangled clothes are dried, strong wrinkles are formed in them. Its solving method is disclosed
in, e.g., Unexamined Japanese Patent Publication No. H07-185196 (hereinafter, described as "Patent Document 1").
[0005] The clothes dryer disclosed in Patent Document 1 will be described below.
[0006] The conventional drum type washer dryer disclosed in Patent Document 1 includes a drum which accommodates
clothes to be dried, a motor which rotates the drum in forward and reverse directions, and a warm air supplying device
mainly having a fan which supplies warm air into the drum and a heater.
[0007] The drum type washer dryer has load fluctuation amount detection means which detects a load fluctuation
amount of the motor per one rotation of the drum. When the load fluctuation amount of the motor per one rotation of the
drum is above a predetermined value, the load fluctuation amount detection means judges that tangling of clothes to be
dried occurs, thereby reversely rotating the motor.
[0008] In other words, the drum is driven reversely only when tangling of clothes to be dried occurs, so that a motor
driving stop time for reversely rotating the drum is minimum to reduce the drying time.
[0009] However, in the conventional configuration, in particular, when long clothes such as long-sleeved shirts and
trousers are strongly tangled each other, only reverse rotation of the drum is insufficient to untangle the clothes.
[0010] In addition, each time tangling of clothes occurs, the drum is required to be driven reversely. Thus, the clothes
cannot be moved temporarily at the time of the reverse rotation of the drum, so that the drying warm air cannot be brought
into contact with the clothes or can be brought into contact with part of them. As a result, the drying time becomes longer.

SUMMARY OF THE INVENTION

[0011] A clothes dryer of the present invention has a first air passage having a first blow-out port opened to a drum,
a second air passage having a second blow-out port opened to the drum and having a smaller air passage cross-sectional
area than the first blow-out port, an air passage switching unit which selectively switches between the first air passage
and the second air passage, an air blowing unit which blows drying air into the first air passage or the second air passage,
a controller which controls the drum driving unit, wherein the air blowing unit blows out the drying air of a larger amount
into the drum from the first blow-out port when the first air passage is selected than when the second air passage is
selected, and the air blowing unit blows out the drying air at a higher pressure and a higher speed into the drum from
the second blow-out port when the second air passage is selected than when the first air passage is selected, and the
controller changes rotation sequences of the drum by controlling the drum driving unit according to the selected one of
the first air passage and the second air passage.
[0012] This can realize the clothes dryer which can effectively eliminate fixed wrinkles in clothes and tangling of clothes
in the drying process with low power consumption, thereby enabling shortening of the drying time and reduction of
occurrence of wrinkles in clothes.

BRIEF DESCRIPTION OF DRAWINGS

[0013]

Fig. 1 shows a cross-sectional view of an essential portion of a drum type washer dryer according to a first embodiment
of the present invention;
Fig. 2 shows a block circuit diagram of the drum type washer dryer;
Fig. 3 shows a time chart showing an operation of the drum type washer dryer;



EP 2 390 405 A1

3

5

10

15

20

25

30

35

40

45

50

55

Fig. 4 shows a time chart showing drum rotation sequence 1 shown in Fig. 3;
Fig. 5 shows a time chart showing drum rotation sequence 2 shown in Fig. 3; and
Fig. 6 shows a time chart showing another example of drum rotation sequence 2 shown in Fig. 3.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0014] Hereinafter, exemplary embodiments of the present invention will be described with reference to the drawings.
It should be noted that the present invention is not limited to the embodiments.

FIRST EMBODIMENT

[0015] Fig. 1 is a cross-sectional view of an essential portion of a drum type washer dryer according to a first embodiment
of the present invention, and Fig. 2 is a block circuit diagram of the drum type washer dryer.
[0016] In Figs. 1 and 2, cylindrical drum 1 formed with an opening and having a bottom surface accommodates clothes
to be washed. Drum 1 is enclosed in water tub 2 which becomes a cylindrical water tank reserving washing water. Water
tub 2 is supported in housing 100.
[0017] In drum 1, the side formed with the opening is a front side, and the side having the bottom surface is a rear
side; in Fig. 1, the left side is the front side, and the right side is the rear side. With the front and rear sides defined in
this manner, the present invention will be described below with reference to the drawings.
[0018] Rotational shaft 1a is attached to the bottom surface of drum 1 so as to be tilted forwardly and upwardly. Drum
driving motor 3 (drum driving unit) is attached to a back surface of water tub 2 and rotates rotational shaft 1a of drum 1.
In addition, water tub 2 is connected to a water supply pipe (not shown) having water supply valve 25 (see Fig. 2), and
water discharge pipe 40 having water discharge valve 27.
[0019] Door 35 opposite the opening of drum 1 is provided on a front surface side of housing 100. A user can put
clothes etc. to be washed into drum 1 or can take out them therefrom by opening door 35.
[0020] A plurality of inward projections (not shown) is provided on an inner circumference wall surface of drum 1.
[0021] Drum 1 is rotated at low speed to enable clothes to be washed to perform an agitating operation (tumbling
operation) in which the clothes to be washed are engaged with the projections so as to be lifted and fallen from an
appropriate height.
[0022] Drying air for drying clothes is blown into drum 1 by air blowing unit 4. The drying air absorbs moisture from
clothes to be washed in drum 1 so as to have a high humidity, and is discharged from a large number of small holes 1b
provided in a circumference side surface of drum 1 to an outside of drum 1.
[0023] The drying air discharged to the outside of drum 1 is discharged from discharge port 5 provided on the front
side of an upper portion of water tub 2 to the outside of water tub 2. The drying air discharged to an outside of water tub
2 is dehumidified by dehumidifying unit 6 and is heated by heating unit 7.
[0024] The dehumidified and heated drying air is guided to first air passage 9 or second air passage 11 by air blowing
unit 4, and is blown into drum 1 again.
[0025] First air passage 9 has first blow-out port 8 opened to the rear side of drum 1. Second air passage 11 has
second blow-out port 10 opened to the front side of drum 1 on the circumference side surface on the front side of drum 1.
[0026] First blow-out port 8 of first air passage 9 is formed so as to have a larger air passage cross-sectional area
than second blow-out port 10, and has a lower pressure loss than second air passage 11. For this reason, a large amount
of drying air can be blown out from first blow-out port 8 into drum 1.
[0027] Second blow-out port 10 of second air passage 11 has a smaller air passage cross-sectional area than first
blow-out port 8. For this reason, higher-pressure and higher-speed drying air than first blow-out port 8 can be blown
from second blow-out port 10 into drum 1.
[0028] Typically, in the drum type washer dryer, a gap between the front side of rotating drum 1 and water tub 2 is
formed to be minimum possible so as not to engage clothes thereinto. Although it is spacedly difficult to provide a blow-
out port which has a large opening and a low pressure loss in the small gap, second blow-out port 10 which has a
relatively small air passage cross-sectional area and blows out the high-pressure and high-speed air can be provided
in the gap.
[0029] On the other hand, the bottom surface side on the rear side of drum 1 has a space for providing first blow-out
port 8 having a relatively large opening. When first blow-out port 8 is covered with cover 26 which has a high open-area
rate and includes a large number of small-diameter ventable holes, it cannot engage clothes thereinto. Therefore, first
blow-out port 8 which has a low pressure loss can be provided on the bottom surface on the rear side of drum 1.
[0030] In addition, when drum 1 is rotated so as to be tilted forwardly and upwardly for agitating clothes, small clothes
such as socks, handkerchiefs, and briefs are easily shifted to the rear side of drum 1, and long clothes such as long-
sleeved underwear, long underpants, long-sleeved shirts, and long-sleeved pajamas are easily shifted to the front side
of drum 1.
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[0031] Therefore, when the small clothes and the long clothes are mixed and dried, a large amount of drying air is
blown out from first blow-out port 8 located on the rear side of drum 1, so that the drying air is brought into contact with
the small clothes shifted to the rear side of drum 1 earlier than with the long clothes.
[0032] Further, since a large number of gaps are formed between the small clothes, the drying air passes through the
small clothes to reach the long clothes on the front side of drum 1. Therefore, both the small clothes and the long clothes
can be dried efficiently. In particular, since tangling of the small clothes is less than the long clothes, they can be dried
with relatively fewer wrinkles.
[0033] On the other hand, in the agitation during drying, since the long clothes in which their sleeves are easily twisted
so that wrinkles occur easily are easily shifted to the front side of drum 1, the drying air is brought into contact with them
from second blow-out port 10 located on the front side of drum 1, which can increase the drying speed.
[0034] Further, the high-pressure and high-speed drying air blown out from second blow-out port 10 is brought into
contact with the long clothes, so that the long clothes can be easily stretched, and since the long clothes can be moved
well by the drying air, they can be untangled. The effect of reducing occurrence of wrinkles is high.
[0035] Air passage switching unit 12 includes valve 12a which is rotatably pivoted in a branching portion of first air
passage 9 and second air passage 11, and a driving unit, not shown, which rotationally drives valve 12a.
[0036] Air passage switching unit 12 is provided in the branching portion of first air passage 9 and second air passage
11, which is formed on a downstream side of air blowing unit 4. Air passage switching unit 12 switches between first air
passage 9 and second air passage 11 as the drying air passage.
[0037] When valve 12a is rotated to "a" side in Fig. 1 to close second air passage 11, first air passage 9 is opened so
that the drying air blown by air blowing unit 4 passes through first air passage 9.
[0038] On the other hand, when valve 12a is rotated to "b" side in Fig. 1 to close first air passage 9, second air passage
11 is opened so that the drying air blown by air blowing unit 4 passes through second air passage 11.
[0039] Circulation air passage 13 has air blowing unit 4 and air passage switching unit 12 therein, and circulates the
drying air in the drum type washer dryer in such a manner that the drying air passes from drum 1 through discharge port
5, dehumidifying unit 6, and heating unit 7 in this order, and is delivered again from first blow-out port 8 or second blow-
out port 10 into drum 1.
[0040] Air blowing unit 4 includes air blowing fan 4a and air blowing fan motor 4b. At the time of switching to first air
passage 9 by air passage switching unit 12, air blowing unit 4 rotates air blowing fan 4a so that an air amount passing
through first air passage 9 is larger than that of second air passage 11.
[0041] In addition, at the time of switching to second air passage 11 by air passage switching unit 12, air blowing unit
4 rotates air blowing fan 4a so that an air speed passing through second blow-out port 10 of second air passage 11 is
higher than that passing through first blow-out port 8. For instance, the air speed passing through first blow-out port 8
is about 10 m/s, and the air speed passing through second blow-out port 10 is 50 m/s or more.
[0042] Further, the air speeds passing through first blow-out port 8 and second blow-out port 10 are not limited to
these, and can be set to any air speed which satisfies a condition in which the air speed in second blow-out port 10 is
higher than that in first blow-out port 8.
[0043] In the drum type washer dryer of this embodiment, the air amount passing through first air passage 9 is larger
than that passing through second air passage 11, the air speed passing through second blow-out port 10 of second air
passage 11 is higher than that passing through first blow-out port 8 of first air passage 9, and in the drying process, air
passage switching unit 12 is operated to switch between first air passage 9 and second air passage 11.
[0044] Discharge port 5 is disposed in a position in which a distance from first blow-out port 8 to discharge port 5 is
relatively longer than that from second blow-out port 10 to discharge port 5. In other words, relatively, discharge port 5
is close to second blow-out port 10, and is far from first blow-out port 8.
[0045] Therefore, discharge port 5 is provided so as to be closer to the front side of drum 1 than to the rear side thereof.
Further, discharge port 5 may be provided near second blow-out port 10 on the front side of drum 1 so that the distance
from first blow-out port 8 to discharge port 5 is longest.
[0046] As described above, discharge port 5 is disposed near second blow-out port 10 on the front side of drum 1 and
is far from first blow-out port 8, so that the distance from first blow-out port 8 to discharge port 5 becomes longer.
[0047] Discharge port 5 is arranged in this manner, so that during blowing from first blow-out port 8 on the rear side
of drum 1, the drying air blown out from first blow-out port 8 is widely spread into drum 1 before being discharged from
discharge port 5 to the outside of drum 1. Thereby, clothes and the drying air can be efficiently brought into contact with
each other in drum 1, so that the clothes can be dried with low power consumption.
[0048] In addition, even when discharge port 5 is disposed near second blow-out port 10, since the high-pressure and
high-speed drying air is blown out from second blow-out port 10 during blowing from second blow-out port 10 on the
front side of drum 1, the drying air can reach the rear side of drum 1 from the front side thereof before being discharged
from discharge port 5 to the outside of drum 1.
[0049] Thereby, contact of the drying air with the clothes cannot be poor, so that an effect of smoothening out wrinkles
can be maintained by the high-pressure and high-speed drying air.
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[0050] In addition, discharge port 5 is disposed on an upper side of drum 1, and can effectively and upwardly discharge
the drying air which has been brought into contact with the clothes. Further, in the drum type clothes dryer without a
washing function, discharge port 5 may be provided in a place different from the upper side of drum 1. On the other
hand, in the drum type washer dryer, since discharge port 5 is affected by washing water, it is desirably provided above
a water level of the washing water.
[0051] Further, second blow-out port 10 is opened to the upper portion on the front side of drum 1. Thereby, the high-
pressure and high-speed drying air can be effectively blown to clothes lifted and moved by rotation of drum 1, so that
an effect of reducing occurrence of wrinkles can be increased.
[0052] Although in this embodiment, only one first blow-out port 8 of first air passage 9 is provided, a plurality of first
blow-out ports 8 can be provided. In the same manner, although only one second blow-out port 10 of second air passage
11 is provided, a plurality of second blow-out ports 10 can be provided.
[0053] With this configuration, since the drying air can be blown to a large number of portions of clothes and can be
blown to clothes from various directions, the drying time can be shortened.
[0054] Damper 34 supporting water tub 2 is provided on a lower side of water tub 2. Damper 34 attenuates vibration
of water tub 2 caused at the time of rotation of drum 1 in a weight unbalanced state due to shift of clothes in drum 1
caused during spin-drying.
[0055] Clothes amount detecting unit 15 is attached to damper 34, and detects a shift amount in which a shaft of
damper 34 is shifted up and down due to changes in weight of clothes in supported water tub 2 to detect a clothes amount.
[0056] The drum type washer dryer of this embodiment is of a heat pump type to perform dehumidification and heating,
and has heat pump device 50.
[0057] Heat pump device 50 includes compressor 16 which compresses a refrigerant, heat radiator 17 which radiates
heat of the refrigerant which has been compressed so as to be hot and to have a high pressure, expansion mechanism
18 which reduces the pressure of the high-pressure refrigerant, heat absorber 19 which absorbs heat from surroundings
by the refrigerant which has been pressure-reduced so as to have a low pressure, and pipe line 20 which couples
compressor 16, heat radiator 17, expansion mechanism 18, and heat absorber 19 to circulate the refrigerant.
[0058] In heat pump device 50, heat absorber 19 corresponds to dehumidifying unit 6, and heat radiator 17 corresponds
to heating unit 7.
[0059] It should be noted that the drum type washer dryer is not limited to the configuration which is of a heat pump
type to dry clothes. For instance, dehumidifying unit 6 may be of a water cooling type which directly sprays water to the
drying air, and heating unit 7 may be a heater.
[0060] Hereinafter, a circuit configuration of the drum type washer dryer of this embodiment will be described with
reference to Fig. 2.
[0061] As shown in Fig. 2, the drum type washer dryer has controller 70. Controller 70 controls a series of driving
operations including washing, rinsing, spin-drying, and drying based on setting information inputted from a user via input
setting unit 32 and operated state monitoring of each unit.
[0062] For instance, in the drying process, controller 70 controls rotation of drum driving motor 3, controls operation
of air blowing unit 4, dehumidifying unit 6, and heating unit 7, and controls air passage switching unit 12 to switch between
first air passage 9 and second air passage 11.
[0063] Controller 70 has, e.g., a CPU (Central Processing Unit), a ROM (Read Only Memory) which stores a program,
a RAM (Random Access Memory) which stores a program and data at the time of execution of various processes, an
input/output interface, and a bus connecting these, which are not shown.
[0064] In addition, controller 70 has timer 71 which performs timekeeping of a first predetermined time and a second
predetermined time described later. As timer 71, an internal timer incorporated into controller 70 can be used. As timer
71, a timer device independent from controller 70 may be used.
[0065] In the drum type washer dryer, alternating current electricity 23 is rectified by rectifier 28, and then, is smoothened
by a smoothening circuit including choke coil 29 and smoothening capacitor 30 to generate direct current electricity.
Using the direct current electricity as driving electricity, drum driving motor 3 is rotationally driven by inverter circuit 22.
[0066] Controller 70 controls rotation of drum driving motor 3 based on a driving instruction inputted from input setting
unit 32 and driven state monitoring information detected by each detecting unit.
[0067] Setting contents inputted from input setting unit 32 are displayed on displaying unit 33. Further, controller 70
controls load operation of water supply valve 25, water discharge valve 27, air blowing unit 4, dehumidifying unit 6, and
heating unit 7 via load driving unit 24.
[0068] Controller 70 detects washing water supplied into water tub 2 by water level detecting unit 31 at the time of
washing and rinsing, and closes water supply valve 25 when the washing water in an amount set according to a clothes
amount to be washed detected by clothes amount detecting unit 15 is reserved.
[0069] Drum driving motor 3 has, e.g., a stator having three-phase windings 3a, 3b, and 3c, and a rotor having a
bipolar permanent magnet, and can be configured as a direct current brushless motor having three position detection
elements 19a, 19b, and 19c. Drum driving motor 3 is rotation-controlled by inverter circuit 22 which can be PWM-
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controlled by switching elements 22a to 22f.
[0070] Here, rotor position detection signals detected by position detection elements 19a to 19c are inputted to controller
70. Controller 70 outputs a control signal to inverter driving circuit 21 based on the rotor position detection signals, and
PWM-controls on and off states of switching elements 22a to 22f via inverter driving circuit 21.
[0071] In this manner, controller 70 controls energization with respect to three-phase windings 3a, 3b, and 3c of the
stator, and rotates the rotor of drum driving motor 3 at a desired rotation speed. Further, each time a state of one of
signals of three position detection elements 19a to 19c is changed, controller 70 detects its period, and calculates a
rotation speed of the rotor by rotation speed detecting unit 72 from the period.
[0072] Operations and operation effects of the drum type washer dryer configured as described above will be described
below in detail.
[0073] First, occurrence of wrinkles in clothes drying will be described. When clothes are dried in space-limited drum
1, a large number of wrinkles occur and are left in the clothes, which can dissatisfy the user.
[0074] This is caused because the clothes cannot be dried in a straightly stretched state in space-limited drum 1. In
particular, a large number of wrinkles occur in clothes including much cotton, so that drying finishing tends to be poor.
[0075] Cotton fibers containing moisture can be freely moved each other. Even when the clothes are agitated by
rotation of drum 1 so as to be folded by a mechanical force, the folded portion is stretched by application of a force in
the next stretching direction, so that no wrinkles can be left.
[0076] However, when drying is advanced to reduce moisture in the cotton fibers, a joining force of the fibers can be
increased to make movement of the fibers poor. When the fibers are folded by the mechanical force at this time, this
state can be easily maintained.
[0077] When drying is advanced to reduce more moisture in the fibers, the fibers remain folded and cannot be stretched
even by application of the force in the next stretching direction. This state will be called fixed wrinkles. A contrary
phenomenon in which although moisture is required to be vaporized to dry clothes, the reduced moisture fixes wrinkles,
occurs. As the number of fixed wrinkles is higher, the drying finishing is poor.
[0078] In space-limited drum 1, the folded state of the fibers is inevitable. Therefore, to reduce wrinkling, it is important
that the number of wrinkles be required to be reduced and that acute-angled folded and strongly fixed fibers be avoided.
[0079] Therefore, in such a manner that a fiber folded portion is stretched and a different portion is folded, it is desirable
to advance drying with the fibers stretched and folded by frequent folded position change.
[0080] On the other hand, in the state that drying is advanced with the fibers stretched so that there is little moisture,
joining of the fibers is strong even when the mechanical force acts in the next folding direction. Thus, the fibers are hard
to be folded, resulting in occurrence of different wrinkles.
[0081] From the above, in the drying process, according to a dried state of clothes, there are a region in which wrinkles
are easily fixed and a region in which wrinkles are not easily fixed. The region in which wrinkles are easily fixed and the
region in which wrinkles are not easily fixed will be described using a drying percentage defined by expression 1 shown
below.
[0082] The drying percentage (%) is expressed by 

[0083] Here, the mass of standard clothes is a mass of clothes equilibrated at a temperature of 20°C and a humidity
of 65%. For this reason, when drying of clothes is advanced, the mass of clothes containing moisture can be smaller
than the mass of standard clothes, so that the drying percentage (%) can be above 100%.
[0084] In the drying percentage based on clothes which are made of cotton fibers in which wrinkles occur most easily,
a region in the range from approximately 85% (around 85%) to approximately 100% (around 100%) is the region in
which wrinkles are easily fixed into clothes. In particular, a region in which the drying percentage based on clothes which
are made of cotton fibers is in the range from approximately 90% (around 90%) to approximately 100% (around 100%)
causes wrinkles to be fixed into the clothes most easily.
[0085] In the drying state of one clothes piece, it cannot be dried uniformly, so that non-uniform drying occurs partially.
For instance, drying of an underarm portion of a long-sleeved shirt is slowest.
[0086] For this reason, typically, the drying percentage at completion of drying is not targeted to 100%, but is set to
the drying percentage which brings an excessive drying state exceeding 100% (e.g., the drying percentage in the range
from 102% to 105%) at completion of the drying process.
[0087] Therefore, based on the drying percentage, the drying process is sectioned into a drying start period region in
which wrinkles are hard to be fixed in the range from a time immediately after spin-drying to the drying percentage of
up to around 90%, a drying middle period region in which wrinkles occur and the number of fixed wrinkles is easily
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increased in the range from the drying percentage of around 90% to around 100%, and a drying end period region in
which wrinkles are hard to occur at the drying percentage exceeding 100%.
[0088] Accordingly, in this embodiment, in the drying middle period region, the high-pressure and high-speed air which
is effective for greatly stretching clothes to reduce wrinkles is blown out from second blow-out port 10 of second air
passage 11 so as to be brought into contact with the clothes.
[0089] In at least one of the drying start period region and the drying end period region, a large amount of air is blown
from first blow-out port 8 of first air passage 9. In this manner, in the drying process, first air passage 9 which blows out
a large amount of air with low power consumption and second air passage 11 which blows out the high-pressure and
high-speed air effective for reducing wrinkles are switched, enabling reduction of occurrence of wrinkles and electricity
saving.
[0090] The drying start period, the drying middle period, and the drying end period in the drying process can be
assumed based on a time from start of the drying process. Accordingly, in this embodiment, controller 70 judges the
drying start period, the drying middle period, and the drying end period in the drying process based on the time from
start of the drying process subjected to timekeeping of timer 71, and controls air passage switching unit 12 to switch
between first air passage 9 and second air passage 11 with good timing.
[0091] More specifically, controller 70 judges a period from start of the drying process to a first predetermined time,
e.g., a period until the drying percentage of clothes in the drum reaches 90%, as the drying start period. In addition,
controller 70 judges a period from elapse of the first predetermined time to a second predetermined time, e.g., a period
until the drying percentage of clothes in the drum reaches 100%, as the drying middle period. Further, controller 70
judges a period from elapse of the second predetermined time to completion of the drying process, as the drying end
period.
[0092] As described above, the air passage switching unit 12 is controlled during the drying process to switch between
first air passage 9 and second air passage 11 with good timing, so that occurrence of wrinkles can be effectively reduced
by one air blowing unit 4.
[0093] Further, the regions in which drying is performed in a larger air amount and with lower power consumption than
the high-speed air during the drying process are provided. For this reason, this can reduce a total power consumption,
as compared with when the high-pressure and high-speed drying air is blown into the drum at all times, and with when
the number of air blowing fan motors is increased by two to increase the air amount and they are driven at all times.
[0094] In this way, the drum type washer dryer of this embodiment can realize good drying finishing with less occurrence
of wrinkles in clothes while saving electricity.
[0095] In addition, in this embodiment, in the drying start period, the drying middle period, and the drying end period
in the drying process, drum rotation sequences are changed according to timing to switch between first air passage 9
and second air passage 11.
[0096] As described above, this performs efficient drying by increasing the air speed and the air amount to remove
wrinkles according to each drying period, thereby realizing an energy saving operation. However, methods in which the
air acts on clothes are different according to the respective air speeds (air amounts). Accordingly, rotation of drum 1 is
controlled by the optimum sequence according to each drying stage and each air blowing method to clothes, thereby
realizing the further energy saving operation.
[0097] Hereinafter, a relation between the rotation sequences of drum 1 and the methods in which the air acts on
clothes will be described.
[0098] First, in the drying start period to the drying percentage of around 90%, since the number of fixed wrinkles into
clothes is relatively low, the air amount is increased (but, the air speed is low) to efficiently dry the clothes. At this time,
poor contact of the drying air with all the clothes due to tangling of the clothes should be prevented.
[0099] A rotation direction of drum 1 is reversed in forward and reverse directions in a relatively short time cycle. This
can reduce tangling of the clothes and can untangle the tangled clothes. As a result, in the drying start period, the drum
rotation sequence has a pattern in which a reversal frequency is relatively high, thereby allowing an efficient drying
operation in a large amount of air while reducing tangling of the clothes.
[0100] Next, in the drying middle period in the range from the drying percentage of around 90% to around 100%, since
wrinkles are easily fixed into clothes, the drying air in which the air speed is increased (but, the air amount is reduced)
is blown out for drying.
[0101] At this time, the high-pressure and high-speed air acts on the clothes so that wrinkles can be smoothened out,
and the high-pressure air is brought into contact with the tangled portions of the clothes so that the clothes can be
untangled.
[0102] The air amount is reduced so that the drying (dehumidifying) ability becomes slightly lower. In this period,
therefore, it is important that poor contact of the drying air with the clothes be prevented to the extent possible.
[0103] Further, in the rotation sequence of drum 1, which reverses the rotation direction of drum 1 in a short time, like
the drying start period, a series of movements in which the clothes are lifted and fallen by rotation of drum 1 are stopped
once in a period before and after the reverse timing of the drum rotation. For this reason, the clothes are collected in
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the bottom portion, so that the drying air is hard to be brought into contact with the clothes, and a position in which the
drying air is brought into contact with the clothes is concentrated on one portion.
[0104] In other words, as the rate at which the rotation direction of drum 1 is reversed is higher with respect to the
drying time, the efficiency is lowered, so that the drying time increases. To prevent this, the reversal frequency of the
drum rotation in the drying middle period is lower than that in the drying start period.
[0105] As described above, the high-pressure and high-speed air acts on the clothes to reduce wrinkles and tangling.
For this reason, since it is not necessary to reverse the rotation direction of drum 1 to reduce wrinkles and tangling, the
reversal frequency of drum 1 can be lowered.
[0106] Accordingly, in this embodiment, the drying middle period has the drum rotation pattern in which the frequency
at which the rotation direction of drum 1 is reversed is lower than that of the drying start period. This can perform the
drying operation with less wrinkles and tangling while the contact efficiency of the drying air with the clothes is increased
to shorten the drying time.
[0107] Further, in the drying middle period, fixed wrinkles which have been formed once are advanced abruptly with
advance of drying (dehumidification). Therefore, it is necessary to prevent advance of fixed wrinkles by uniformly bringing
the drying air having the highest pressure and the highest speed into contact with a large number of clothes for drying
throughout the period.
[0108] Accordingly, the frequency at which the drum rotation is reversed is lowered, so that the time in which drum 1
is rotated in the same direction can be made longer, and while the clothes lifted by rotation of drum 1 are stretched, the
frequency at which the high-pressure and high-speed air is brought into contact with the clothes can be increased,
thereby increasing the effect of smoothening out wrinkles.
[0109] In addition, at the time of start immediately after the drum rotation is reversed, the clothes are collected in the
bottom portion by stopping the drum 1. The necessary electricity in lifting the heavy clothes collected in the bottom
portion is larger than when drum 1 is rotated at a fixed speed.
[0110] Accordingly, the frequency at which drum 1 is reversed is lowered so that power consumption of drum driving
motor 3 is reduced, and temperature increase of drum driving motor 3 is inhibited so that the energy saving operation
can be performed.
[0111] As in the drying start period, in the drying end period in which the drying percentage exceeds 100%, the number
of fixed wrinkles into the clothes is relatively low. The amount of drying air is increased (but, the air speed is low) to
efficiently perform drying.
[0112] As in the drying start period, in the drum rotation, the rotation direction is reversed in the forward and reverse
directions in a relatively short time cycle. Therefore, tangling of the clothes can be reduced and contact with the clothes
can be improved for efficient drying. Consequently, in the drying end period, the drum rotation sequence has the pattern
in which the reversal frequency is relatively high.
[0113] As described above, according to this embodiment, the amount and speed of the drying air are optimally
switched according to the periods in which wrinkles and tangling of the clothes occur. In addition, the drum rotation
sequences have the optimum rotation patterns which can reduce wrinkles and tangling of the clothes and can increase
the contact efficiency of the drying air with the clothes. This can realize good drying finishing in which occurrence of
wrinkles in the clothes is reduced while saving electricity.
[0114] Hereinafter, referring to Figs. 3, 4, and 5, operations of the drum type washer dryer when the air passages and
the drum rotation sequence switching timings shown in the drawings are applied will be described.
[0115] Fig. 3 is a time chart showing an example of the air passages and the drum rotation sequence switching timings
according to the drying start period, the drying middle period, and the drying end period as described above.
[0116] As shown in Fig. 3, in the drying process, in the drying start period from start of the drying operation to elapse
of the first predetermined time, first air passage 9 which has a large air passage cross-sectional area and a low pressure
loss is used, and a large amount of drying air is blown out from first blow-out port 8 on the rear side of drum 1 and is
brought into contact with clothes.
[0117] In other words, controller 70 controls air passage switching unit 12 to open first air passage 9, thereby starting
the drying operation. In addition, controller 70 starts timekeeping of timer 71 with start of the drying operation to continue
the opened state of first air passage 9 until the first predetermined time elapses.
[0118] In this case, since the pressure loss of first air passage 9 is low, even when the rotation speed of air blowing
fan motor 4b is relatively low to drive air blowing unit 4 with low power consumption, a large amount of air can be obtained.
[0119] Therefore, shortening of the drying time and reduction of the power consumption in the drying start period are
enabled. At this time, the drum rotation sequence has the pattern in which the rotation direction is reversed in the forward
and reverse directions in a relatively short time cycle.
[0120] By way of example, the drum rotation is a repeating operation in a pattern of drum rotation sequence 1 as
shown in Fig. 4 "rotation for 15 seconds in the forward direction (a rotation speed of 47 rpm)- stop for 3 seconds - rotation
for 15 seconds in the reverse direction (a rotation speed of 47 rpm) - stop for 3 seconds ... ". Thereby, shortening of the
drying time and reduction of the power consumption in a large amount of drying air are enabled while tangling of the
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clothes can be reduced.
[0121] As shown in Fig. 3, in the drying middle period after elapse of the first predetermined time from start of the
drying operation, air passage switching unit 12 performs switching to second air passage 11 to increase the rotation
speed of air blowing fan motor 4b.
[0122] Thereby, in the drying middle period, the high-pressure and high-speed drying air obtained by rotating air
blowing fan motor 4b at a high rotation speed is blown from second blow-out port 10 having a smaller air passage cross-
sectional area than first blow-out port 8.
[0123] In other words, when the first predetermined time elapses from start of the drying operation, controller 70
controls air passage switching unit 12 to open second air passage 11 and controls air blowing unit 4 to increase the
rotation speed of air blowing fan motor 4b.
[0124] Thereafter, controller 70 continues the opened state of second air passage 11 until the second predetermined
time elapses. In this case, since the clothes are stretched at all times by the high-pressure and high-speed drying air,
occurrence of wrinkles can be reduced.
[0125] At this time, in the drying middle period, the drum rotation sequence has the pattern in which the frequency at
which the rotation direction is reversed is lower than that of the drying start period. By way of example, the drum rotation
is a repeating operation in a pattern of drum rotation sequence 2 as shown in Fig. 5 "rotation for 60 seconds in the
forward direction (a rotation speed of 47 rpm) - stop for 3 seconds - rotation for 60 seconds in the reverse direction (a
rotation speed of 47 rpm) - stop for 3 seconds ... ". Thereby, the clothes can be dried without stopping movement thereof,
so that the drying air can continue to be brought into contact with the clothes moved in drum 1. Accordingly, the drying
time can be shortest in a smaller air amount than the drying start period, so that the power consumption during this can
be reduced.
[0126] Further, as shown in Fig. 3, in the drying end period after the second predetermined time elapses, air passage
switching unit 12 performs switching to first air passage 9. In the drying end period, the amount of moisture contained
in the clothes is small, and the small amount of moisture is brought into contact with the drying air and is vaporized,
which takes long time.
[0127] For this reason, it is necessary to blow a large amount of drying air into drum 1 to increase an opportunity of
bringing moisture into contact with the drying air, and it is desirable to obtain a large amount of air with low power
consumption.
[0128] Accordingly, first air passage 9 having a large air passage cross-sectional area and a low pressure loss is used
to blow a large amount of drying air from first blow-out port 8 on the rear side of drum 1 so that it is brought into contact
with the clothes. In other words, when the second predetermined time elapses from start of the drying operation, controller
70 controls air passage switching unit 12 to open first air passage 9, and controls air blowing unit 4 to lower the rotation
speed of air blowing fan motor 4b.
[0129] Thereafter, controller 70 continues the opened state of first air passage 9 until the drying process is completed.
In this case, since the pressure loss of first air passage 9 is low, even when the rotation speed of air blowing fan motor
4b is made relatively low to drive air blowing unit 4 with low power consumption, a large amount of air can be obtained.
Therefore, shortening of the drying time in the drying end period and reduction of the power consumption during this
are enabled.
[0130] At this time, as in the drying start period, the drum rotation sequence has the pattern in which the rotation
direction is reversed in the forward and rearward directions in a relatively short time cycle. The drum rotation is a repeating
operation in the pattern of drum rotation sequence 1 as shown in Fig. 4 "rotation for 15 seconds in the forward direction
(a rotation speed of 47 rpm) - stop for 3 seconds - rotation for 15 seconds in the reverse direction (a rotation speed of
47 rpm) - stop for 3 seconds ...". Accordingly, shortening of the drying time and reduction of the power consumption in
a large amount of drying warm air are enabled while tangling of the clothes can be prevented.
[0131] Further, the drum rotation sequence of the drying end period may be a sequence different from the drying start
period. For instance, it may have a rotation pattern "rotation for 30 seconds in the forward direction (a rotation speed of
47 rpm) - stop for 3 seconds - rotation for 30 seconds in the reverse direction (a rotation speed of 47 rpm) - stop for 3
seconds ... ".
[0132] The reversal frequency is lowered so that the load of the motor can be reduced, and a life of the motor increase.
Since drying of the clothes is advanced in the drying end period, tangling of the clothes tends to be hard to occur as
compared with the drying start period, so that the reversal frequency of the motor can be lowered.
[0133] As described above, in this embodiment, not only the blow-out ports, amounts, and speeds of the drying air
can be optimally switched based on the periods in which wrinkles and tangling of the clothes are hard to occur and the
period in which wrinkles and tangling of the clothes easily occur, but also rotation of drum 1 has the optimum rotation
sequences which can reduce occurrence of wrinkles and tangling of the clothes and increase the contact efficiency of
drying air with the clothes. This can realize good drying finishing in which occurrence of tangling and wrinkles of the
clothes are less while saving electricity.
[0134] Fig. 6 is a time chart showing another example of drum rotation sequence 2 in the drying middle period shown
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in Fig. 5. Hereinafter, an operation of the drum type washer dryer in the drying middle period when the drum rotation
sequence shown in Fig. 6 is applied will be described.
[0135] In the drying middle period after the first predetermined time elapses from start of the drying operation, air
passage switching unit 12 performs switching to second air passage 11 to increase the rotation speed of air blowing fan
motor 4b.
[0136] Thereby, in the drying middle period, the high-pressure and high-speed drying air obtained by rotating air
blowing fan motor 4b at a high rotation speed is blown from second blow-out port 10 having a smaller air passage cross-
sectional area than first blow-out port 8.
[0137] In other words, when the first predetermined time elapses from start of the drying operation, controller 70
controls air passage switching unit 12 to open second air passage 11 and controls air blowing unit 4 to increase the
rotation speed of air blowing fan motor 4b. Thereafter, controller 70 continues the opened state of second air passage
11 until the second predetermined time elapses.
[0138] In this case, since the clothes are stretched at all times by the high-pressure and high-speed air, wrinkles are
reduced. The drum rotation sequence during this has a pattern in which drum 1 is rotated at a rotation speed varied in
each predetermined time with respect to the drying start period in which drum 1 is rotated at the predetermined rotation
speed. In addition, the drum rotation sequence has a pattern in which the rotation speed is higher than that of the drying
start period.
[0139] By way of example, the drum rotation has a pattern in which the drum rotation sequence as shown in Fig. 6
"rotation for 60 seconds in the forward direction (in which 10 seconds at a rotation speed of 47 rpm → 30 seconds at a
rotation speed of 55 rpm → 20 seconds at a rotation speed of 65 rpm) - stop for 3 seconds - rotation for 60 seconds in
the reverse direction (in which 10 seconds at a rotation speed of 47 rpm → 30 seconds at a rotation speed of 55 rpm
→ 20 seconds at a rotation speed of 65 rpm) → stop for 3 seconds ... " is repeated.
[0140] At this time, first, drum 1 is rotated at substantially the same rotation speed as the drying start period, so that
the clothes are fallen by gravitation slightly earlier. Thereafter, drum 1 is rotated so that the rotation speed of drum 1 is
gradually higher than that of the drying start period, whereby the clothes tend to adhere to the inner wall of drum 1.
[0141] Thereby, the position of the clothes in drum 1 can be changed up and down during drum rotation, so that the
drying air at high pressure and high speed in the limited range can be uniformly brought into contact with the clothes.
As a result, the contact efficiency of the drying air with the clothes can be increased to shorten the drying time, and
wrinkles in the clothes can be efficiently smoothened out, so that drying with fewer wrinkles can be performed with low
power consumption.
[0142] In addition, although in this embodiment, the drum type washer dryer including the washing function and the
clothes drying function has been described, the present invention is not limited to this and is applicable to the clothes
dryer without the washing function.
[0143] As a configuration example of the clothes dryer, the washing function can be removed from the drum type
washer dryer shown in Fig. 1. For instance, as the clothes dryer without the washing function, water tub 2 as a water
tank in Fig. 1 is not required to be connected to the water supply pipe and water discharge pipe 40, and is configured
as a simple outer tank of drum 1, and other basic configuration should be the same as the drum type washer dryer in Fig. 1.

Claims

1. A clothes dryer comprising:

a drum which accommodates an article to be dried;
a drum driving unit which rotationally drives the drum;
a first air passage having a first blow-out port opened to the drum;
a second air passage having a second blow-out port opened to the drum and having a smaller air passage
cross-sectional area than the first blow-out port;
an air passage switching unit which selectively switches between the first air passage and the second air passage;
an air blowing unit which blows drying air into the first air passage or the second air passage; and
a controller which controls the drum driving unit, wherein
the air blowing unit blows out the drying air of a larger amount into the drum from the first blow-out port when
the first air passage is selected than when the second air passage is selected, and the air blowing unit blows
out the drying air at a higher pressure and a higher speed into the drum from the second blow-out port when
the second air passage is selected than when the first air passage is selected, and
the controller changes rotation sequences of the drum by controlling the drum driving unit according to the
selected one of the first air passage and the second air passage.
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2. The clothes dryer according to claim 1, wherein
the second blow-out port is opened to a front side of the drum.

3. The clothes dryer according to claim 1 or 2, wherein
the controller makes less a frequency per unit time of reversing a rotation direction of the drum when the second
air passage is selected than when the first air passage is selected.

4. The clothes dryer according to claim 1 or 2, wherein
the controller changes a rotation speed of the drum at predetermined intervals by controlling the drum driving unit
when the second air passage is selected.

5. The clothes dryer according to claim 1 or 2, wherein
the controller makes higher a rotation speed of the drum when the second air passage is selected than when the
first air passage is selected.

6. The clothes dryer according to claim 1 or 2, further comprising a water tank which encloses the drum and reserves
washing water, a water supply pipe which has a water supply valve for supplying the washing water into the water
tank, and a water discharge pipe having a water discharge valve for discharging the washing water in the water
tank, whereby the dryer has a washing function.
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