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(54) LAUNDRY TREATMENT APPARATUS AND CONTROL METHOD OF LAUNDRY TREATMENT

APPARATUS

(67)  Disclosed is a control method of a laundry treat-
ment apparatus including a drum (3) for storing laundry,
a duct provided outside the drum for guiding air dis-
charged from the drum (3) to the drum (3), a fan (75)
provided in the duct (71), a heat pump (73) for performing
heat exchange between air introduced into the duct (71)
and a refrigerant to dehumidify and heat the air, and a
temperature sensing unit for measuring the temperature
of the airintroduced into the duct (71), the control method
including operating the fan and the heat pump (73) to
supply heated air to the drum (a hot air supply step),
measuring the temperature of the air discharged from
the drum (3) through the temperature sensing unit (a tem-
perature measurement step), when the temperature of
the air measured by the temperature sensing unit (9) is
equal to or higher than a predetermined reference tem-
perature, measuring the amount of time for which the
temperature of the air remains equal to or higher than
the reference temperature (a time measurement step),
and when the amount of time for which the temperature
of the air remains equal to or higher than the reference
temperature is equal to or greater than a reference
amount of time, stopping the operation of the fan (75)
and the heat pump (a hot air supply completion step).
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Description

[0001] This application claims the benefit of Korean
Patent Application No. 10-2016-0172574, filed on De-
cember 16, 2016.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The presentinvention relates to alaundry treat-
ment apparatus and a control method thereof.

Discussion of the Related Art

[0003] A laundry treatment apparatus is an apparatus
that is capable of washing laundry, drying laundry, or
both washing and drying laundry.

[0004] A laundry treatment apparatus that is capable
of drying laundry includes a drum for receiving laundry
and a hot air supply device for supplying heated air to
the drum. Conventional laundry treatment apparatuses
include two types of hot air supply devices.

[0005] The first type of hot air supply device includes
a supply duct for guiding external air to the drum, an
exhaust duct for guiding the air in the drum out of the
drum, a fan provided in any one of the supply duct and
the exhaust duct, and a heater provided in the supply
duct for heating air. The second type of hot air supply
device includes a circulation duct for discharging the air
in the drum out of the drum and resupplying the air to the
drum, a cooling unit provided in the circulation duct for
condensing air, and a heater provided in the circulation
duct for heating dehumidified air.

[0006] In the second type of hot air supply device, a
heat pump may be used to cool and heat air. However,
alaundry treatment apparatus including a heat pump has
a problem in that it is difficult to supply high-temperature
air to the drum, whereby it is difficult to sterilize laundry.
[0007] Thatis, compared with a heater made of a heat-
ing wire (a resistance wire that generates heat when cur-
rentis supplied thereto), the heat pump generates asmall
amount of heat. As a result, air having a temperature
lower than the temperature of air supplied to the drum
after being heated using the heating wire is supplied to
the drum, whereby it is difficult to perform a sterilization
course for supplying high-temperature air to the drum to
kill bacteria in laundry.

SUMMARY OF THE INVENTION

[0008] Accordingly, the presentinvention is directed to
a laundry treatment apparatus and a control method of
alaundry treatment apparatus that substantially obviates
one or more problems due to limitations and disadvan-
tages of the related art.

[0009] An object of the present invention is to provide
a laundry treatment apparatus and a control method of
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a laundry treatment apparatus that is configured such
that air heated by a heat pump is supplied in order to
perform a sterilization course.

[0010] Additional advantages, objects, and features
will be set forth in part in the description which follows
and in part will become apparent to those having ordinary
skill in the art upon examination of the following or may
be learned from practice. The objectives and other ad-
vantages may be realized and attained by the structure
particularly pointed out in the written description and
claims hereof as well as the appended drawings.
[0011] Inaccordance with an aspect, a control method
of a laundry treatment apparatus, including a drum for
storinglaundry, aduct provided outside the drum for guid-
ing air discharged from the drum to the drum, a fan pro-
vided in the duct, a heat pump for performing heat ex-
change between air introduced into the duct and a refrig-
erant to dehumidify and heat the air, and a temperature
sensing unit for measuring the temperature of the air in-
troduced into the duct, includes operating the fan and the
heat pump to supply heated air to the drum (a hot air
supply step), measuring the temperature of the air dis-
charged from the drum through the temperature sensing
unit (a temperature measurement step), when the tem-
perature of the air measured by the temperature sensing
unit is equal to or higher than a predetermined reference
temperature, measuring the amount of time for which the
temperature of the air remains equal to or higher than
the reference temperature (a time measurement step),
and when the amount of time for which the temperature
of the air remains equal to or higher than the reference
temperature is equal to or greater than a reference
amount of time, stopping the operation of the fan and the
heat pump (a hot air supply completion step). In accord-
ance with another aspect, a laundry treatment apparatus
includes a drum for storing laundry, a duct provided out-
side the drum for guiding air discharged from the drum
to the drum, a fan provided in the duct, a heat pump for
performing heat exchange between air introduced into
the duct and a refrigerant to dehumidify and heat the air,
a temperature sensing unit for measuring the tempera-
ture of the air introduced into the duct, and a controller
being configured to perform a control method according
to any one of the herein described embodiments.
[0012] The reference temperature and the reference
amount of time may be uniform irrespective of the amount
of laundry introduced into the drum.

[0013] The time measurement step may include com-
paring the accumulated value of the amount of time for
which the temperature of the air measured by the tem-
perature sensing unit is equal to or higher than the ref-
erence temperature with the reference amount of time.
[0014] The time measurement step may include com-
paring the amount of time for which the temperature of
the air measured by the temperature sensing unit con-
tinuously remains equal to or higher than the reference
temperature with the reference amount of time.

[0015] The reference temperature may be setto 60 °C
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to 70 °C.

[0016] The reference amount of time may be set to 50
minutes to 60 minutes.

[0017] The hot air supply completion step may include
stopping the operation of the heat pump and maintaining
the operation of the fan for a predetermined amount of
time (a cooling step) and stopping the operation of the
fan after the completion of the cooling step (a fan oper-
ation completion step).

[0018] The control method may furtherinclude rotating
the drum while the hot air supply step is being performed
(a drum rotation step).

[0019] The hot air supply step, the temperature meas-
urement step, and the time measurement step may be
performed when a sterilization course is selected through
an input unit.

[0020] It is to be understood that both the foregoing
general description and the following detailed description
of the present invention are exemplary and explanatory
and are intended to provide further explanation of the
present invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The accompanying drawings, which are includ-
ed to provide a further understanding of the present in-
vention and are incorporated in and constitute a part of
this application, illustrate embodiment(s) of the present
invention and together with the description serve to ex-
plain the principle of the present invention. In the draw-
ings:

FIG. 1 is a view showing an example of a laundry
treatment apparatus according to the presentinven-
tion; and

FIG. 2is a flowchart showing an example of a control
method of a laundry treatment apparatus according
to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0022] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples
of which are illustrated in the accompanying drawings.
Meanwhile, the construction or control method of an ap-
paratus, which will be described hereinafter, are dis-
closed only to describe embodiments of the present in-
vention, and therefore the scope of the present invention
is not limited thereby. Wherever possible, the same ref-
erence numbers will be used throughout the drawings to
refer to the same or like parts.

[0023] FIG. 1isaviewshowinganexampleofalaundry
treatment apparatus according to the present invention.
A laundry treatment apparatus 100 according to the
presentinventionincludes a cabinet 1, a drum 3 rotatably
provided in the cabinet, a hot air supply unit 7 for supply-
ing heated air to the drum, and a temperature sensing
unit 9 for measuring the temperature in the drum.
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[0024] The cabinet 1 is provided with a cabinet intro-
duction port 11, through which laundry is introduced into
or removed from the drum. The cabinet introduction port
11 is opened and closed by a door 13, which is hinged
to the cabinet 1

[0025] The drum 3 may include a cylindrical drum body
31 having an open front surface and an openrear surface
and a lifter 33 protruding from the inner circumferential
surface of the drum body toward the center of rotation of
the drum body.

[0026] The drum 3 having the above structure is sup-
ported by a first support unit 15 and a second support
unit 17 provided in the cabinet 1. The first support unit
15 is fixed in the cabinet 1 to rotatably support the front
surface of the drum body 31, and the second support unit
17 is fixed in the cabinet 1 to rotatably support the rear
surface of the drum body 31.

[0027] The first support unit 15 is provided with an in-
troduction port 151, which communicates with the cabinet
introduction port 11. Consequently, the interior of the
drum body 31 communicates with the outside of the cab-
inet 1 through the introduction port 151 and the cabinet
introduction port 11.

[0028] The first support unit 15 is provided with a front
support unit 157 for rotatably supporting the open front
surface of the drum body 31. The front support unit 157
may be formed in the shape of a ring that surrounds the
introduction port 151.

[0029] Meanwhile, the firstsupportunit 15 may be fixed
to the front surface of the cabinet 1 via a connection unit
153. The connection unit 153 may be formed in the shape
of a ring that surrounds the cabinet introduction port 11.
[0030] The second support unit 17 is provided with a
rear support unit 171 for rotatably supporting the open
rear surface of the drum body 31. The rear support unit
171 may be formed in the shape of a ring that is inserted
into the open rear surface of the drum body 31.

[0031] The drum 3 having the above structure is rotat-
ed by a driving unit 5. The driving unit 5 may include a
motor 51 provided in the cabinet 1 and a belt 53 for trans-
mitting the rotary force of the motor to the drum body 31.
[0032] The hot air supply unit 7 may include a duct 71
provided outside the drum body 31 for guiding the air
discharged from the drum body 31 to the drum body 31,
afan 75 provided in the duct 71, and a heat pump 73 for
performing heat exchange between the air introduced
into the duct 71 and a refrigerant to dehumidify and heat
the air.

[0033] One end of the duct 71 may be connected to a
first through-hole 155 formed through a connection part
153 of the first support unit, and the other end of the duct
71 may be connected to a second through-hole 173
formed through the second support unit 17.

[0034] The fan is a means for circulating the air in the
drum body 31 through the duct 71. The fan may include
an impeller 751 rotatably provided in the duct 71 and a
fan motor 753 fixed to the outside of the duct 71 for ro-
tating the impeller.
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[0035] The heat pump 73 may include a refrigerant
pipe 739 defining a circulation channel of the refrigerant,
an evaporator 731 disposed in the duct 71 in the state of
being fixed to the refrigerant pipe 739, a condenser 733
disposed in the duct 71 in the state of being fixed to the
refrigerant pipe 739, a compressor 735 for compressing
the refrigerant that has passed through the evaporator
731 and moving the compressed refrigerant to the con-
denser 733, and an expansion valve 737 for opening or
closing the refrigerant pipe 739 (for controlling the flow
rate of the refrigerant) to adjust the pressure of the re-
frigerant discharged from the condenser 733.

[0036] The evaporator 731 absorbs heat from the air
introduced into the duct 71 to condense the moisture con-
tained in the air. Consequently, the refrigerant passing
through the evaporator 731 is evaporated in the refriger-
ant pipe 739. The condenser 733 emits heat to the air
that has passed through the evaporator in order to heat
the air. Consequently, the refrigerant passing through
the condenser 733 is condensed in the refrigerant pipe
739. As aresult, the air that has passed through the evap-
orator 731 is cooled, and the air that has passed through
the condenser 733 is heated.

[0037] The temperature sensing unit 9 may be config-
ured to sense the temperature in the drum body 31 or to
sense the temperature of the air introduced into the duct
71. FIG. 1 shows an example in which the temperature
sensing unit 9 is provided in the duct 71.

[0038] The laundry treatment apparatus 100 shown in
FIG. 1 is configured as an apparatus that performs only
drying of laundry. Alternatively, the laundry treatment ap-
paratus according to the present invention may be con-
figured as an apparatus that performs both washing and
drying of laundry.

[0039] In this case, a tub (not shown) for storing water
may be provided in the cabinet, and the drum 3 may be
rotatably provided in the tub. In order to rotate the drum
provided in the tub, the driving unit may include a stator
fixed to the outside of the tub for generating a rotating
field, a rotor configured to be rotated by the rotating field,
generated by the stator, and a rotary shaft extending
through the tub for interconnecting the drum and the rotor.
[0040] In the case in which the stator, the rotor, and
the rotary shaft constitute the driving unit, the first support
unit 15 and the second support unit 17 may be omitted.
Meanwhile, the duct 71 may be configured to discharge
the air in the tub out of the tub and to resupply the air to
the tub.

[0041] FIG. 2 is a flowchart showing an example of a
control method of the laundry treatment apparatus 100
having the above structure. The control method may be
performed by a controller of the laundry treatment appa-
ratus 100 for controlling the same. The control method
according to the present invention includes a step (S10)
of determining whether a sterilization course forremoving
bacteria that are harmful to humans, such as Pseu-
domonas aeruginosa or Staphylococcus aureus, has
been selected.
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[0042] The cabinet 1 may be provided with a display
unit 143 for displaying control commands that can be
selected by a user and the state of execution of the control
command selected by the user and an input unit 141 for
allowing the user to input one of the control commands.
[0043] Consequently, the user may select the sterili-
zation course through the input unit 141, and a controller
(not shown) may determine whether the sterilization
course has been selected based on a control signal re-
ceived from the input unit 141.

[0044] When a control command for requesting exe-
cution of the sterilization course is input, a hot air supply
step (S20) of supplying heated air to the drum 3 is per-
formed.

[0045] The hot air supply step (S20) may include a fan
operation step (S21) and a heat pump operation step
(S23).

[0046] The fan operation step (S21) is a step of sup-

plying power to the fan motor 753 to rotate the impeller
751 under the control of the controller, and the heat pump
operation step (S23) is a step of circulating the refrigerant
through the compressor 735 and the expansion valve
under the control of the controller.

[0047] Meanwhile, in the hot air supply step (S20), the
fan operation step (S21) and the heat pump operation
step (S23) may be sequentially performed in order to
prevent a reduction in the efficiency of the heat pump.
[0048] In order to improve the efficiency of heat ex-
change between the laundry stored in the drum 3 and
the air supplied to the drum at the hot air supply step
(S20), a drum rotation step (S25) of rotating the drum 3
through the driving unit 5 under the control of the con-
troller may be performed while the hot air supply step
(S20) is being performed.

[0049] The drum rotation step (S25) may be set to ro-
tate the drum in any one of the clockwise direction and
the counterclockwise direction or to rotate the drum in
alternating directions.

[0050] While the hot air supply step (S20) is being per-
formed, a temperature measurement step (S30) of meas-
uring the temperature of the air introduced into the duct
71 from the drum 3 through the temperature sensing unit
9 is performed.

[0051] When the temperature of the air measured at
the temperature measurement step (S30) is equal to or
higher than a predetermined reference temperature
(S40), a time measurement step (S45) of measuring the
amount of time for which the temperature of the air re-
mains equal to or higher than the reference temperature
is performed.

[0052] The controller determines the temperature of
the air introduced into the duct 71 based on temperature
data received from the temperature sensing unit 9 and
compares the temperature data received from the tem-
perature sensing unit 9 with reference temperature data
stored in the controller or in a separate storage to deter-
mine whether the temperature of the air is equal to or
higher than the reference temperature (S40).
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[0053] When the amount of time for which the temper-
ature of the air remains equal to or higher than the ref-
erence temperature is less than a predetermined refer-
ence amount of time, the temperature measurement step
(S30), the temperature comparison step (S40), and the
time measurement step (S45) are repeated.

[0054] When the amount of time for which the temper-
ature of the air remains equal to or higher than the ref-
erence temperature is equal to or greater than the refer-
ence amount of time (S50), a hot air supply completion
step (S60) of stopping the operation of the fan and the
heat pump is performed.

[0055] Meanwhile, the time measurement step (S45)
may be a step of comparing the accumulated value of
the amount of time for which the temperature of the air
measured by the temperature sensing unit 9 is equal to
or higher than the reference temperature with the refer-
ence amount of time or a step of comparing the amount
of time for which the temperature of the air measured by
the temperature sensing unit 9 continuously remains
equal to or higher than the reference temperature with
the reference amount of time. In the latter step, the
amount of time for which the sterilization course is per-
formed may be increased. For this reason, the former
step is performed as the time measurement step (S45).
[0056] According to experimentation, when the tem-
perature of the air discharged from the drum is 60 °C to
70 °C and is maintained for 50 minutes to 60 minutes, it
can be seen that 99% or more of bacteria harmful to
humans are killed irrespective of the amount of the laun-
dry storedin the drum (the laundry amount). Consequent-
ly, the reference temperature may be set to 60 °C to 70
°C, and the reference amount of time may be set to 50
minutes to 60 minutes.

[0057] The hot air supply completion step (S60) may
include a cooling step (S61) of stopping the operation of
the heat pump 73 and maintaining the operation of the
fan for a predetermined amount of time and a fan oper-
ation completion step (S63) of stopping the operation of
the fan after the completion of the cooling step (S61).
[0058] Inthe casein whichthe drumrotation step (S25)
is performed while the hot air supply step (S20) is being
performed, however, the drum rotation step (S25) may
be completed after the completion of the cooling step
(S61).

[0059] As can be seen from the above description, the
control method according to the present invention is ca-
pable of performing a sterilization course in a drying ma-
chine including a heat pump and of sterilizing laundry
stored in a drum within the same amount of time irre-
spective of the amount of laundry (a laundry amount).
[0060] As is apparent from the above description, the
present invention has the effect of providing a control
method of a laundry treatment apparatus that is config-
ured such that air heated by a heat pump is supplied in
order to perform a sterilization course.

[0061] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
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presentinvention without departing from the scope of the
invention. Thus, it is intended that the present invention
covers the modifications and variations of this invention
provided they come within the scope of the appended
claims and their equivalents.

Claims
1. A laundry treatment apparatus comprising:

a drum (3) for storing laundry,

a duct (71) provided for reintroducing air dis-
charged from the drum (3) into the drum (3),

a fan (75) provided in the duct (71),

a heat pump (73) for dehumidifying and heat air
flowing in the duct (71),

a temperature sensing unit (9) for measuring a
temperature of air discharged from the drum (3),
and

a controller configured to determine an amount
of time, for which the measured temperature of
the discharged air remains equal to or higher
than the reference temperature, and to stop op-
eration of the fan (75) and of the heat pump (73),
when the amount of time is equal to or greater
than a reference amount of time.

2. The laundry treatment apparatus according to claim
1, wherein the reference temperature and the refer-
ence amount of time are independent from an
amount of laundry introduced into the drum.

3. The laundry treatment apparatus according to any
one of the preceding claims, wherein the controller
is configured to compare an accumulated value of
the amount of time, for which the measured temper-
ature is equal to or higher than the reference tem-
perature, with the reference amount of time.

4. The laundry treatment apparatus according to claim
1 or 2, wherein the controller is configured to com-
pare the amount of time, for which the measured
temperature continuously remains equal to or higher
than the reference temperature, with the reference
amount of time.

5. The laundry treatment apparatus according to any
one of the preceding claims, wherein the reference
temperature is 60 °C to 70 °C.

6. The laundry treatment apparatus according to any
one of the preceding claims, wherein the reference
amount of time is 50 minutes to 60 minutes.

7. The laundry treatment apparatus according to any
one of the preceding claims, wherein the controller
is configured to stop the operation of the heat pump
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(73) and to maintain the operation of the fan (75) for
a predetermined amount of time of a cooling step
and to stop the operation of the fan (75) after com-
pletion of the cooling step.

The laundry treatment apparatus according to any
one of the preceding claims, wherein the controller
is configured to rotate the drum (3) while the fan (75)
and the heat pump (73) are operated for supplying
heated air into the drum (3) in a hot air supply step.

The laundry treatment apparatus according to any
one of the preceding claims, wherein the controller
is configured to determine the amount of time, for
which the measured temperature of the discharged
airremains equal to or higher than the reference tem-
perature, when the measured temperature is equal
to or higher than a predetermined reference temper-
ature.

A control method of a laundry treatment apparatus,
the control method comprising:

operating a fan and a heat pump to supply heat-
ed air to a drum of the laundry treatment appa-
ratus in a hot air supply step;

measuring a temperature of air discharged from
the drum in a temperature measurement step;
when the measured temperature of the air is
equal to or higher than a predetermined refer-
ence temperature, measuringan amount of time
for which the temperature of the air remains
equal to or higher than the reference tempera-
ture in a time measurement step; and

when an amount of time, for which the temper-
ature of the air remains equal to or higher than
the reference temperature, is equal to or greater
than a reference amount of time, stopping op-
eration of the fan and the heat pump in a hot air
supply completion step.

The control method according to claim 10, wherein
the hot air supply step, the temperature measure-
ment step, and the time measurement step are per-
formed when a sterilization course is selected
through an input unit.

The control method according to claim 10 or 11,
wherein the reference temperature and the refer-
ence amount of time are uniform irrespective of an
amount of laundry introduced into the drum (3), or
wherein the time measurement step comprises com-
paring an accumulated value of the amount of time
for which the measured temperature of the air is
equal to or higher than the reference temperature
with the reference amount of time.

The control method according to claim 10, 11, or 12,
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14.

15.

wherein the time measurement step comprises com-
paring the amount of time for which the measured
temperature of the air continuously remains equal to
or higher than the reference temperature with the
reference amount of time.

The control method according to any one of claims
10 to 13, wherein the reference temperature is 60°C
to 70°C, and/or wherein the reference amount of time
is 50 minutes to 60 minutes.

The control method according to any one of claims
10 to 14, wherein the hot air supply completion step
comprises:

stopping the operation of the heat pump and
maintaining the operation of the fan for a prede-
termined amount of time in a cooling step; and
stopping the operation of the fan after comple-
tion of the cooling step in a fan operation com-
pletion step.
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