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Description
[Technical Field]

[0001] The presentinvention relates to a laundry treat-
ing apparatus.

[Background Art]

[0002] In general, a laundry treating apparatus may
include a washing machine, a dryer, a device for refresh-
ing clothes, and the like. The washing machine may be a
washing machine having a drying function.

[0003] Ina washing machine, a drum accommodating
laundry is rotatably provided in a tub that provides a
space for storing water. Through holes are formed in
such a drum, so that water in the tub flows into the drum.
In this state, when the drum is rotated, the laundry in the
drum flows and contamination of the laundry is removed.
[0004] Such awashing machine is also provided with a
heater for heating the water in the tub. The heater is
operated in a state of being submerged in water in the tub,
so itis common to directly heat the water. However, since
this type of heater must always be operated in a state of
being submerged in water at all times for safety reasons,
it can be used for heating the water in the tub, but itis not
suitable for heating the air in the drum in a state where
there is no water in the tub, or for heating wet laundry
before spin-drying.

[0005] Recently, awashing machine in whichadrumis
heated by an induction heating system has been used.
Such a washing machine may be configured to have a
heat sensor disposed between the drum and a tank (or
tub) to detect the temperature of water or air in the tank.
[0006] Inthe above mentioned scheme, the tempera-
ture of the drum is inevitably estimated based on the
temperature of water or air. Meanwhile, the temperature
of the drum is sensitively fluctuated according to the
output of an induction heating system, but the tempera-
ture of water or air is slowly fluctuated. Therefore, the
value detected by a heat sensor may not accurately
reflect the temperature fluctuation of the drum.

[0007] Meanwhile, US Patent Application Publication
No. US 2018/0148886 discloses a method of estimating
a temperature by using a characteristic change of drum
according to a temperature, in particular, by using an
inductance change.

[0008] FIG. 1 shows aresonant circuit for using such a
method. Referring to FIG. 1, the driving of a power device
Q1 is turned off near a zero crossing of system voltage by
using a resonance circuit 2, and at this time, resonance
frequency (fres) can be measured by using an autono-
mous resonant voltage.

[0009] Aninductance Leq can be derived by using the
measured resonant frequency (fres) and using a rela-
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frequency, inductance, and capacitance.

[0010] Here, asthe temperature increases, the relative
magnetic permeability increases and the inductance
(Leq) also increases. Accordingly, the temperature of a
drum 1 (load) can be estimated through the change in
inductance (Leq) according to the temperature change.
[0011] FIG. 2 shows a voltage waveform when mea-
suring a resonance frequency, and FIG. 3 shows an
enlarged view of a portion A of FIG. 2.

[0012] Referring to FIG. 2, it can be seen that the
resonance frequency (fres) changes by about 0.015%
when the load temperature changes by 1°C. Thatis, itcan
be seen that the fluctuation of the resonance frequency
(fres) according to the temperature change is too small to
estimate the temperature by using the resonance fre-
quency.

[0013] Thatis, referring to FIG. 3, it can be seen that a
portion of waveform W after a circuit is turned off is too
small to measure the fluctuation.

[0014] In addition, the change in inductance (Leq)
fluctuates by 0.03%/°C. That is, it can fluctuate by
0.03% depending on the temperature. In addition, the
capacitance (Ceq) in the resonant frequency (fres) cal-
culation formula should be less than or equal to 0.003%
depending on a dispersion of components and a fluctua-
tion dispersion according to a temperature.

[0015] FIG. 4 is a graph illustrating a relationship be-
tween a temperature and a resonance frequency when
estimating a temperature by using a resonance fre-
quency.

[0016] Due to the circumstances described above,
when a temperature is estimated by using a resonant
frequency, an error of the estimated temperature may
occur by about £10°C or more. However, in order to be
applied to general washing machine products, accuracy
within £5°C is required.

[0017] Inaddition, there is a problem in that a power of
circuit must be turned off for a certain time in order to
measure the resonance frequency (fres).

[0018] Therefore, an improvement or new method for
accurately estimating the temperature of drum by solving
these problems is required.

[0019] A further example of the prior art is disclosed in
the patent application published under the following num-
ber: US 2019/264371 A1.

[Disclosure]
[Technical Problem]

[0020] An object of the presentinvention is to solve the
above and other problems.

[0021] Another object of the present invention is to
provide a laundry treating apparatus, such as a dryer
which can accurately estimate a temperature ofadrum, a
washing machine, a washing machine-and-dryer, and an
apparatus for refreshing clothes.

[0022] Another object is to provide a laundry treating
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apparatus capable of heating a drum by an induction
heater and accurately estimating the temperature of the
drum.

[0023] Another object of the present invention is to
provide a laundry treating apparatus capable of accu-
rately estimating the temperature of the drum by mini-
mizing the influence of a magnetic field generated by the
induction heater.

[0024] Another object of the present invention is to
provide a laundry treating apparatus capable of accu-
rately estimating the temperature of the drum regardless
of a distance between a load (drum) and a tub.

[0025] Another object of the present invention is to
provide a laundry treating apparatus capable of estimat-
ing the temperature of a rotating load (drum).

[0026] Another object of the present invention is to
provide a laundry treating apparatus capable of continu-
ously estimating a temperature without turning off a
power device to estimate a temperature.

[0027] Another object of the present invention is to
provide a laundry treating apparatus that minimizes vi-
bration due to unbalance, even when a drum having a
device for estimating a temperature rotates at a high
speed.

[Technical Solution]

[0028] In order to achieve the above object, there is
provided a laundry treating apparatus according to an
aspect of the present invention, including: a first circuit
including a first coil and a second circuit including a
second coil and a thermistor.

[0029] The resistance of the thermistor changes ac-
cording to temperature, and the current value of the
second coil changes according to the change in resis-
tance of the thermistor. The resistance of the thermistor
may change according to the temperature of a drum.
[0030] The thermistor may include an NTC thermistor
whose resistance decreases when the temperature in-
creases. The resistance of the NTC thermistor may de-
crease when the ambient temperature increases. The
resistance of the NTC thermistor may decrease when the
temperature of the drum increases.

[0031] The thermistor may include a PTC thermistor
whose resistance increases when the temperature in-
creases. The resistance of the PTC thermistor may in-
crease as the ambient temperature increases. The re-
sistance of the PTC thermistor may increase when the
temperature of the drum increases.

[0032] The second circuit may be provided to be mo-
vable with respect to the first circuit. The second circuit
may be provided to be movable with respect to the first
coil.

[0033] Thelaundrytreatingapparatusincludesadrum.
The drum may be rotatably provided.

[0034] The laundry treating apparatus may further in-
clude a tub accommodating the drum.

[0035] The drum may be rotatably provided in the tub.
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[0036] The laundry treating apparatus may include a
cabinet. The cabinet may form an outer shape of the
laundry treating apparatus. The cabinet may accommo-
date the tub.

[0037] Thefirstcoil may be installed in the tub. The first
circuit may be installed in the tub.

[0038] Thefirstcoil may be installed inside the cabinet.
The first circuit may be installed in the cabinet.

[0039] The second circuit is disposed in the drum.
[0040] The second coil may be disposed at a position
overlapping the first coil in the length direction of the
rotation central shaft of the drum.

[0041] The second coil may be installed in a position
passing the shortest distance from the first coil according
to the rotation of the drum. The second coil may be
installed in a position where a straight line which passes
the first coil and is perpendicular to the rotation center line
of the drum meets the drum.

[0042] The second circuit may be installed on the outer
surface of the drum.

[0043] The laundry treating apparatus may include a
lifter provided on an inner surface of the drum.

[0044] The second circuit may be installed ata position
corresponding to the lifter.

[0045] The second circuit may be installed at a position
corresponding to the lifter on the outer surface of the
drum.

[0046] The second circuit may be installed on an outer
surface of a portion of the drum where the lifter is dis-
posed.

[0047] The second circuit may be installed on the inner
surface of the drumin a portion of the drum where the lifter
is disposed.

[0048] The drum may include a body having an ex-
tended cylindrical shape and a through hole formed in the
body.

[0049] The laundry treating apparatus may include a
non-magnetic balance maintaining unit. The balance
maintaining unit may be provided in the drum. The bal-
ance maintaining unit may be provided in the lifter. The
balance maintaining unit may be provided in the lifter.
[0050] The second circuit and the balance maintaining
unit may be arranged at regular intervals along a circum-
ferential direction of the drum.

[0051] The balance maintaining unit may include one
or more balance maintaining units. The second circuit
and the one or more balance maintaining units may be
arranged at regular intervals.

[0052] The lifter may include a plurality of lifters ar-
ranged at regular intervals along the circumferential di-
rection of the drum.

[0053] The lifter may include a plurality of lifters. The
plurality of lifters may be arranged at regular intervals
along the circumferential direction of the drum.

[0054] The second circuit may be installed at a position
corresponding to any one of the plurality of lifters.
[0055] The second circuit may be installed on an outer
surface of a portion of the drum in which the any one lifter



5 EP 4 112 802 B1 6

is disposed.

[0056] The balance maintaining unit may be provided
ata position corresponding to remaining lifters among the
plurality of lifters. The balance maintaining unit may be
provided inside the remaining lifters.

[0057] The laundry treating apparatus includes an in-
duction heater that heats the drum. The induction heater
may generate a magnetic field. The induction heater
heats the drum by using a magnetic field.

[0058] The induction heater may be spaced apart from
the drum. The induction heater may be installed in the
tub. The induction heater may be fixed to the tub.
[0059] The induction heater may be disposed inside
the case or on an inner wall. In a laundry treating appa-
ratus such as a dryer having no tub, it may be disposed
inside a case or on an inner wall.

[0060] The firstcoil may be installed in an opposite side
of the induction heater. The first coil may be installed in
the opposite side of the induction heater with respect to
the center of the tub. The first coil may be installed in the
opposite side of the induction heater with respect to the
center of the drum.

[0061] The first coil may be installed within a range of
+60 degrees from an opposite point of the induction
heater with respect to the center of the tub.

[0062] The induction heater may be disposed at a
position spaced apart from the drum at an upper side,
alower side, or a right side of the drum inside the case, in
a laundry treating apparatus having no tub such as a
dryer. In this case, the first circuit including the first coil
may be positioned opposite to the induction heater. Alter-
natively, it may be fixed to be spaced apart from the drum
at a position spaced apart by a certain distance with
respect to the drum rotation direction.

[0063] A size of the first coil may be greater than a size
of the second coil. The first coil may occupy a larger area
than the area occupied by the second coil along the
circumferential direction of the drum.

[0064] The laundry treating apparatus may include a
power supply unit for applying power to the first coil.
[0065] The power supply unit may apply AC power to
the first coil. The power supply unit may apply a resonant
frequency.

[0066] The first circuit may include a capacitor. The
capacitor may be connected in parallel with the first coil.

[0067] The laundry treating apparatus may include a
controller.
[0068] The controller may be connected to the first

circuit. The controller may estimate the temperature of
the drum.

[0069] The controller may estimate the temperature of
the drum based on a resistance value of the thermistor.
[0070] The laundry treating apparatus may include a
current detection unit. The current detection unit may be
connected in series with the first coil. The current detec-
tion unit may be connected in series with the power
supply unit.

[0071] The laundry treating apparatus may include a
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voltage detection unit. The voltage detection unit may be
connected in parallel with the first coil. The voltage de-
tection unit may be connected in parallel with the power
supply unit.

[0072] The controller may estimate the temperature of
the drum based on the measured impedance. The mea-
sured impedance may be defined as a value obtained by
dividing a voltage value detected by the voltage detection
unit by a current value detected by the current detection
unit.

[0073] The controller may compensate an error based
on the measured impedance and the equivalent impe-
dance of the first and second circuits. The equivalent
impedance of the first and second circuits may be an
equivalent impedance at a resonant frequency.

[0074] The power supply may change an apply fre-
quency, when the resonance frequency of the measured
impedance is different from the resonance frequency of
the equivalent impedance.

[0075] When the phase angle of the measured impe-
dance is different from the phase angle of the equivalent
impedance, the controller may compensate the error of
phase angle by using the rotation angle of the drum.
[0076] Accordingto an aspect of the presentinvention,
the temperature of the load (drum) of the rotating induc-
tion heater may be estimated by using the NTC.

[0077] Thatis, asensing coil (first coil) and a capacitor
are configured in parallel to form a primary side (first
circuit), and a secondary side (second circuit) is config-
ured by an NTC and a second coil, and then the tem-
perature of the drum can be estimated by using the
voltage/current value of the NTC detected by the first coil.
[0078] Atthistime, the primary side (first circuit) may be
attached in the opposite direction to the heater coil to
minimize the magnetic effect with the induction heater
coil, and the secondary side (second circuit) may be
attached closely to the outer surface of one of three lifters
located inside the load (drum).

[0079] To balance the high-speed rotating load (drum),
a non-magnetic material that can balance the weight of
the load (drum) can be attached inside or outside the
remaining two lifters.

[0080] Therefore, the phase, frequency, and magni-
tude of the equivalentimpedance Zeq may be derived by
using the voltage and current values sensed from the
primary side, and the Rntc value of the NTC and the
temperature of the load (drum) may be estimated by
using the derived value.

[0081] Asaspecificexample for this, an embodiment of
the present invention provides a laundry treating appa-
ratus including a cabinet; a drum which is rotatably pro-
vided in the cabinet and accommodates a treating target
(e.g. clothes); an induction heater which is spaced apart
from the drum and disposed inside or on an inner wall of
the cabinet to heat the drum; a first circuit which is
disposed at a position spaced apart from the induction
heater inside the cabinet or on an inner wall and includes
a first coil; and a second circuit including a second coil
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which is disposed in the drum and disposed at a point in
the drum area overlapping the first coil in a rotational
direction of the drum when the drum rotates and a thermal
variable resistance unit whose resistance changes ac-
cording to the temperature of the drum.

[0082] A laundry treating apparatus according to an-
other embodiment of the present invention includes: a
tub; a drum which is rotatably provided in the tub and
accommodates an object; an induction heater which is
fixed to the tub while being spaced apart from the drum,
and heats the drum; a first circuit which is installed in the
tub and includes a first coil; and a second circuit having a
second coil which is installed in the drum and positioned
to pass a point within an area of the drum overlapping with
the first coil to interact within the circumferential direction
range of the drum upon rotation of the drum and a thermal
variable resistance unit that transmits to the second coll
atleastone value of voltage and current values according
to the temperature of the drum.

[0083] Another embodiment of the present invention
may include a controller which is connected to the first
circuit, and estimates the temperature of the drum by
using the at least one value of voltage and current values
according to the temperature of the drum received due to
the interaction between the second coil and the first coil.
[0084] In addition, the first circuit may further include a
capacitor connected in parallel with the first coil.

[0085] In addition, the laundry treating apparatus may
include: a power supply unit; a current detection unit
connected in series with the first coil; and a voltage
detection unit connected in parallel with the first coil.
[0086] In addition, the power supply unit may apply a
resonant frequency.

[0087] In addition, the capacitor may be for increasing
the resolution of the value related to the temperature of
the drum received through the second coil.

[0088] In addition, the detection unit may be an NTC
that outputs a resistance value that changes according to
a temperature as a voltage value.

[0089] Inaddition, the size of the first coil may be larger
than the size of the second coil.

[0090] In addition, the first coil may be installed in the
opposite side of the induction heater in the tub.

[0091] In addition, the first coil may be installed in a
range of =60 degrees from the opposite side of the
induction heater in the tub.

[0092] Inaddition, the second coil may be installed ata
position passing the shortest distance from the first coil
according to the rotation of the drum.

[0093] In addition, the second circuit may be installed
on the outer surface of the drum.

[0094] In addition, the laundry treating apparatus may
further include a balance maintaining unit installed at a
position equalizing an angle with respect to a position
where the second circuit of the drum is attached.
[0095] In addition, the controller may estimate the re-
sistance value of the NTC and the temperature of the
drum by comparing an impedance obtained by detecting
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the voltage and current values received from the second
coil due to the interaction of the first coil and an equivalent
impedance of the first and second circuits.

[0096] According to another embodiment of the pre-
sent invention, a method of controlling a laundry treating
apparatus including: a tub; a drum which is rotatably
provided in the tub and accommodates an object; an
induction heater which is fixed to the tub while being
spaced apart from the drum, and heats the drum; a first
circuit which is installed in the tub and includes a first coil;
and a second circuit having a second coil which is in-
stalled in the drum and positioned to pass a point within
an area of the drum overlapping with the first coil to
interact within the circumferential direction range of the
drum upon rotation of the drum and a detection unit that
transmits to the second coil at least one value of voltage
and current values according to the temperature of the
drum, the method including: driving the laundry treating
apparatus; detecting an output value of the detection unit
through the first circuit; calculating an equivalent impe-
dance of the first circuit; matching the impedance mea-
sured by an output value of the detection unit with a
resonance frequency of the equivalent impedance;
matching the impedance measured by the output value
ofthe detection unitand the phase angle of the equivalent
impedance; and estimating the temperature of the drum
through the detection unit based on the magnitude of the
equivalent impedance.

[0097] The matching of the resonance frequency may
include: obtaining an error by comparing an impedance
measured by an output value of the detection unit with a
resonance frequency of the equivalent impedance; and
compensating an error in the inductance value of the first
coil.

[0098] The matching of the phase angles may include:
obtaining an error by comparing the impedance mea-
sured by the output value of the detection unit with the
phase angle of the equivalent impedance; and compen-
sating the error in the phase angle by using the rotation
angle of the drum.

[0099] The driving of the laundry treating apparatus
may include heating and rotating the drum; and applying
a voltage of a resonant frequency to the first circuit.
[0100] In addition, the driving of the laundry treating
apparatus may include the first coil and arranging the first
coil.

[0101] According to another embodiment of the pre-
sent invention, a laundry treating apparatus includes a
fixing part such as a cabinet and a rotating part rotating
with respect to the fixing part, wherein a first circuit
including a first coil is disposed in the fixing part, and
the rotating part includes a second circuit including a
second coil disposed at a position corresponding to the
first coil and a thermal variable resistance unit which is
electrically connected to the second coil and has a flow-
ing current value or voltage value which is changed as the
internal resistance is changed according to the tempera-
ture of the rotating part, wherein the temperature of the
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rotating partis determined by the current value or voltage
value of the first coil corresponding to the current value or
voltage value of the second coil.

[0102] The fixing part may be an inner wall of the
cabinet or any position inside the cabinet, and may be
a tub which is disposed inside the cabinet to accommo-
date the rotating part.

[0103] In adryer or laundry treating apparatus having
no tub, the first circuit may be disposed on an inner wall of
the cabinet at a lower portion or a side surface of the
rotating part.

[0104] The rotating part includes a drum disposed to
rotate inside the cabinet or the tub. The second circuit
may be disposed in the drum, and may be disposed on an
outer surface or an inner surface of the drum.

[0105] The laundry treating apparatus may include a
lifter disposed inside the drum, and the second circuit
may be disposed in a drum area corresponding to the
lifter. The second circuit may be disposed on an outer
surface of the drum corresponding to the lifter or an inner
surface of the drum in which the lifter is mounted.
[0106] The firstcoil and the second coil are disposed to
overlap each other with respect to the drum rotation
direction. The thermal variable resistance unit of the
second circuit may be disposed in a drum area corre-
sponding to the lifter or a drum area corresponding to the
induction heater.

[0107] Thefirstcoil may be configured to be larger than
or equal to the second coil. For example, the first coil may
be configured to be larger than the second coil. Evenifthe
first coil and the second coil have the same size, the
number of turns of the first coil may be larger than the
number of turns of the second coil.

[0108] Adistance between the first coil and the second
coil may be 28 mm to 30 mm.

[0109] The drum temperature may be estimated
through the magnitude of the impedance at a specified
frequency, when a frequency is specified between the
first coil and the second coil.

[0110] The first coil may be disposed at a position
opposite to the induction heater based on the drum
rotation shaft, and may be disposed at a position within
90 degrees in both directions from a position opposite by
180 degrees to the induction heater.

[0111] The rotating part may dispose a balance weight
at a position spaced apart from the second coil, and a
laundry treating apparatus having a rotating part rotating
at a low speed, such as a dryer, may not include the
balance weight.

[Advantageous Effects]

[0112] According to atleast one of embodiments of the
present invention, the temperature of a drum may be
estimated by using the characteristics of a thermistor
whose resistance changes according to a temperature.
[0113] According to atleast one of embodiments of the
present invention, the temperature may be estimated
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irrespective of a distance that is structurally generated
due to a drum and a tub.

[0114] According to atleast one of embodiments of the
present invention, the temperature may be estimated
even under a condition in which a load (drum) rotates.
[0115] In addition, the influence of an inductance/ca-
pacitance distribution on the temperature estimation can
be reduced by including an NTC thermistor.

[0116] In addition, continuous temperature estimation
can be performed without turning off a power device to
estimate a temperature. Accordingly, the performance of
laundry treating apparatus can be improved.

[Description of Drawings]
[0117]

FIG. 1 is a resonant circuit for using a method of
estimating a temperature by using an inductance
change.

FIG. 2 illustrates a voltage waveform when a reso-
nance frequency is measured in a resonance circuit
of FIG. 1.

FIG. 3 is an enlarged view of a portion A of FIG. 2.
FIG. 4 is a graph illustrating a relationship between a
temperature and a resonance frequency when esti-
mating a temperature by using a resonance fre-
quency.

FIG. 5 is a perspective view of a laundry treating
apparatus according to an embodiment of the pre-
sent invention.

FIG. 6 is a cross-sectional view of a laundry treating
apparatus according to an embodiment of the pre-
sent invention.

FIG. 7 is a conceptual diagram in which a separate
type induction heater module is mounted in a tub.
FIG. 8 is a circuit diagram illustrating a circuit con-
figuration of a laundry treating apparatus according
to an embodiment of the present invention.

FIG. 9is a schematic diagram illustrating an installa-
tion position of a circuit configuration of a laundry
treating apparatus according to an embodiment of
the present invention.

FIG. 10 is a schematic diagram illustrating an exam-
ple of installation of a first coil and a second coil of a
laundry treating apparatus according to an embodi-
ment of the present invention.

FIG. 11 is a graph illustrating a relationship between
an impedance phase angle and a frequency of a
laundry treating apparatus according to an embodi-
ment of the present invention.

FIG. 12 is a graph illustrating a relationship between
an impedance magnitude and a frequency of a laun-
dry treating apparatus according to an embodiment
of the present invention.

FIG. 13 is a graphillustrating a relationship between
an impedance phase angle and a frequency under a
simulation condition.



1 EP 4 112 802 B1 12

FIG. 14 is a graph illustrating a relationship between
an impedance magnitude and a frequency under a
simulation condition.

FIG. 15 is a graph illustrating a change in a resis-
tance value according to a temperature of NTC.
FIG. 16 is a flowchart illustrating a method of con-
trolling a laundry treating apparatus.

[Mode for Invention]

[0118] Description will now be given in detail according
to exemplary embodiments disclosed herein, with refer-
ence to the accompanying drawings. For the sake of brief
description with reference to the drawings, the same or
equivalent components may be denoted by the same
reference numbers, and description thereof will not be
repeated.

[0119] Ingeneral, suffixes such as "module” and "unit"
may be used to refer to elements or components. Use of
such suffixes herein is merely intended to facilitate de-
scription of the specification, and the suffixes do not have
any special meaning or function.

[0120] In the present invention, that which is well
known to one of ordinary skill in the relevant art has
generally been omitted for the sake of brevity. The ac-
companying drawings are used to assist in easy under-
standing of various technical features and it should be
understood that the embodiments presented herein are
not limited by the accompanying drawings.

[0121] It will be understood that although the terms
first, second, etc. may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are only used to distinguish one
element from another

[0122] It will be understood that when an element is
referred to as being "connected with" another element,
there may be intervening elements present. In contrast, it
will be understood that when an element is referred to as
being "directly connected with" another element, there
are no intervening elements present.

[0123] Inaddition, when an elementsuch as alayer, an
area, or a module is referred to as existing "on" another
element, it can be appreciated that it directly exists on
other element or an intervening element may exist there-
between.

[0124] A singular representation may include a plural
representation unless context clearly indicates other-
wise.

[0125] A laundry treating apparatus of the present
invention may correspond to a washing machine, adryer,
and a washing machine integrated with a dryer (a dryer-
integrated washing machine). Hereinafter, as a laundry
treating apparatus of the present invention, a washing
machine will be described as a representative example.
However, the laundry treating apparatus of the present
invention is not limited thereto.

[0126] Hereinafter, a laundry treating apparatus ac-
cording to an embodiment of the present invention will
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be described with reference to FIGS. 51to 7.

[0127] FIG. 5 is a perspective view illustrating an ex-
terior of a washing machine according to an embodiment
of the present invention. FIG. 6 is a cross-sectional view
illustrating an interior of a washing machine according to
an embodiment of the present invention. FIG. 7 is a
conceptual diagram in which a separate type induction
heater module is mounted on a tub.

[0128] A washing machine according to an embodi-
ment of the present invention may include a tub 20 and a
drum 30. The washing machine may further include a
cabinet 10 forming an outer shape. The washing machine
may further include an induction heater 70 provided to
heat the drum 30.

[0129] The tub 20 may be provided inside the cabinet
10. The tub 20 may provide an accommodation space.
The tub 20 may have an opening in a forward direction.
The tub 20 may accommodate washing water. The tub 20
may be provided to accommodate the drum 30.

[0130] The drum 30 may be rotatably provided inside
the tub 20. The drum 30 may be provided in the accom-
modation space of the tub 20. The drum 30 may accom-
modate laundry. An opening may be provided in a forward
direction of the drum 30. Laundry may be loaded into the
drum 30 through the opening.

[0131] A through hole 30h may be formed in the cir-
cumferential surface of the drum 30 so that air and
washing water are communicated between the tub 20
and the drum 30. Hereinafter, the circumferential surface
of the drum 30 may also be referred to as a body of the
drum 30. The body of the drum 30 may extend in a
cylindrical shape.

[0132] The drum 30 may be made of a conductor. The
body of the drum 30 may be made of a conductor. The
body of the drum 30 may be made of metal.

[0133] The induction heater or IH module 70 may heat
the drum 30. The induction heater 70 may generate a
magnetic field. The induction heater 70 may be provided
to heat the drum 30 by using a magnetic field.

[0134] The induction heater 70 may be provided on the
outer circumferential surface of the tub 20. The induction
heater 70 may be provided in the upper portion of the tub
20. The induction heater 70 may be fixed to the tub 20.
The induction heater 70 may be spaced apart from the
drum 30.

[0135] The tub 20 and the drum 30 may be formed in a
cylindrical shape. The inner and outer circumferential
surfaces of the tub 20 and the drum 30 may be formed
in a substantially cylindrical shape.

[0136] Meanwhile, a laundry treating apparatus such
as a dryer may notinclude a tub. The induction heater 70
may be provided in the cabinet. The induction heater 70
may be disposed inside the cabinet or on an inner wall.
The induction heater 70 may be spaced apart from the
drum 30 and fixed to the cabinet 10.

[0137] FIG. 6 shows a washing machine in which the
drum 30 is rotated based on a rotation shaft parallel to a
ground. Unlike the drawing, the drum 30 and the tub 20
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may have a tilting shape inclined in a rearward direction.
The rotation shaft of the drum 30 may penetrate the rear
surface of the washing machine. That is, a straight line
extending from the rotation shaft 42 of a driving unit 40
may penetrate the rear surface of the washing machine.
[0138] The washing machine may further include a
driving unit 40 provided to rotate the drum 30 inside
the tub 20. The driving unit 40 may include a motor 41.
The motor41 may include arotation shaft42. The rotation
shaft 42 may be connected to the drum 30 to rotate the
drum 30 inside the tub 20.

[0139] The motor 41 may include a stator and a rotor.
The rotor may be connected to the rotation shaft 42.
[0140] The driving unit40 may include a spider43. The
spider 43 is a configuration that connects the drum 30 and
the rotation shaft 42, and may be a configuration for
uniformly and stably transmitting the rotational force of
the rotation shaft 42 to the drum 30.

[0141] The spider 43 may be coupled to the drum 30 in
such a manner that at least portion of the spider 43 is
inserted into the rear wall of the drum 30. To this end, the
rear wall of the drum 30 may be formed in such a manner
thatitis recessed to the inside of the drum 30. In addition,
the spider 43 may be coupled to the drum 30 in such a
manner that it is further inserted into the drum 30 at a
portion of the center of rotation of the drum 30.

[0142] Alifter 50 may be provided inside the drum 30. A
plurality of lifters 50 may be provided along the circum-
ferential direction of the drum 30. The lifter 50 may per-
form a function of agitating a laundry. For example, as the
drum 30 rotates, the lifter 50 lifts a laundry to an upper
portion.

[0143] The laundry moved to the upper portion is se-
parated from the lifter 50 by gravity and falls to a lower
portion. Washing may be performed by an impact force
caused by the falling of such laundry. Agitation of laundry
can enhance drying efficiency.

[0144] The lifter 50 may be formed by extending from a
rear end of the drum 30 to a front end. Laundry may be
evenly distributed back and forth inside the drum 30.
[0145] The induction heater 70 is a device for heating
the drum 30.

[0146] AsshowninFIG.7,the induction heater 70 may
include a coil 71 that receives a current to generate a
magnetic field. The coil 71 may generate an eddy current
in the drum 30.

[0147] The induction heater 70 may include a heater
cover 72 accommodating the coil 71. Hereinafter, a
structure of the induction heater 70 and the principle of
heating the drum 30 by the induction heater 70 will be
omitted.

[0148] In the washing machine, the coil 71 heats the
drum 30 to increase the temperature inside the drum 30
as well as the drum 30 itself. The induction heater 70 may
heat the wash water in contact with the drum 30 through
the heating of the drum 30. The induction heater 70 may
heat the laundry in contact with the inner circumferential
surface of the drum 30. The induction heater 70 may heat
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the laundry that is not in contact with the inner circumfer-
ential surface of the drum 30 by increasing the tempera-
ture inside the drum 30.

[0149] Theinduction heater 70 mayincrease the wash-
ing effect by increasing the temperature of washing
water, and laundry, and the ambient temperature inside
the drum 30. The induction heater 70 may dry a laundry
by increasing the laundry, the drum 30 and the ambient
temperature inside the drum 30.

[0150] FIG. 7 shows that the induction heater 70 is
provided in the upper side of the tub 20, but it is not
excluded that the induction heater 70 is provided on at
least one surface of the upper side, lower side, and both
sides of the tub 20. The induction heater 70 may be
installed at a position higher than the maximum water
level of the wash water stored in the tub 20.

[0151] Theinduction heater 70 may be provided in one
side of the outer circumferential surface of the tub 20, and
the coil 71 may be provided to be wound at least once
inside the cover 72 along a surface of the induction heater
70 adjacent to the tub 20.

[0152] The induction heater 70 may generate an eddy
current in the drum 30 by emitting an induced magnetic
field directly to the outer circumferential surface of the
drum 30, and as a result, may directly heat the outer
circumferential surface of the drum 30.

[0153] The laundry treating apparatus according to an
embodiment of the present invention may include a con-
troller (not shown, it may have the same configuration as
a controller 85 of FIG. 8; hereinafter, it will be described
using reference numeral 85) for controlling an output of
the induction heater 70. The controller 85 may control an
on/off and an output of the induction heater 70.

[0154] Theinduction heater 70 may be connectedtoan
external power supply source by an electric wire to re-
ceive power. Alternatively, the induction heater 70 may be
connected to the controller 85 for controlling the opera-
tion of washing machine to receive power. The induction
heater 70 may receive power from anywhere as long as it
can supply power to the internal coil 71.

[0155] When power is supplied to the induction heater
70 and AC current flows through the coil 71 provided in
the induction heater 70, the drum 30 is heated.

[0156] If power is supplied to the induction heater 70
and the drum 30 does not rotate, only a partial surface of
the drum 30 is heated. Therefore, partial surface may be
overheated and remaining surface of the drum 30 may
not be heated or may be heated to a small degree. In
addition, heat may not be smoothly supplied to the laun-
dry accommodated in the drum 30.

[0157] The controller 85 may rotate the drum 30
through the motor 41 of the driving unit 40 when the
induction heater 70 is operated. The controller 85 may
cause the induction heater 70 to operate when the drum
30 rotates.

[0158] If all surfaces of the outer circumferential sur-
face of the drum 30 can face the induction heater 70, the
speed at which the motor 41 of the driving unit 40 rotates
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the drum 30 can safely be any speed.

[0159] Meanwhile, as the drum 30 rotates, all surfaces
of the drum 30 may be heated, and the laundry inside the
drum 30 may be evenly exposed to heat.

[0160] Accordingly, the laundry treating apparatus ac-
cording to an embodiment of the present invention can
evenly heat the outer circumferential surface of the drum
30, evenifthe induction heater 70is notinstalledin places
such as the upper side, the lower side, both sides of the
outer circumferential surface of the tub 20, but is installed
only in one place.

[0161] According to an embodiment of the present
invention, the induction heater 70 can heat the drum
30 to a high temperature within a very short time. The
induction heater 70 can heat the drum 30 to a target
temperature within a very short time. The induction hea-
ter 70 can heat the drum 30 to 120 degrees Celsius or
more within a very short time.

[0162] Whentheinduction heater 70isdrivenin a state
where the drum 30 is stopped or is at a very slow rotation
speed, a specific portion of the drum 30 may be over-
heated very quickly. When the induction heater 70 is
driven in a state where the drum 30 is stopped or is at
a very slow rotation speed, heat may not be sufficiently
transmitted from the heated drum 30 to the laundry.
[0163] A correlation between the rotational speed of
the drum 30 and the driving of the induction heater 70 may
be very important. It may be more advantageous to rotate
the drum 30 and drive the induction heater 70 than to
drive the induction heater 70 and rotate the drum 30.
[0164] FIG. 8 is a circuit diagram illustrating a circuit
configuration of a washing machine according to an
embodiment of the present invention. In addition, FIG.
9 is a schematic diagram illustrating an installation posi-
tion of a circuit configuration of a washing machine ac-
cording to an embodiment of the present invention.
[0165] Hereinafter, a circuit configuration of a laundry
treating apparatus according to an embodiment of the
present invention will be described in detail with refer-
ence to FIGS. 8 and 9.

[0166] The laundry treating apparatus according to an
embodiment of the present invention may include a first
circuit 80 which is installed in the tub 20 and includes a
first coil 82, a second coil 92 which is installed in the drum
30 and located to pass a point that interacts with the first
coil 82 when the drum 30 rotates, and a second circuit 90
including a thermistor 91 whose resistance varies de-
pending on temperature.

[0167] Like this, the second coil may be installed in the
drum 30, and may be located to pass a point within an
area of the drum 30 overlapping to interact within a
circumferential range of the first coil 82 and the drum
30 when the drum 30 rotates.

[0168] In addition, the washing machine according to
an embodiment of the present invention may include a
controller MCU 85 which is connected to the first circuit 80
and estimates a temperature of the drum 30 by using a
value related to the temperature of the drum 30 received
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by the interaction between the second coil 92 and the first
coil 82.

[0169] Meanwhile, a laundry treating apparatus such
as a dryer may not include a tub. The first circuit 80 may
be disposed at a position capable of interacting with the
second coil according to the rotational position of the
drum on the inside or the inner wall of the cabinet 10.
[0170] As shown in FIG. 8, the first circuit 80 may
further include a capacitor C connected in parallel with
the first coil 82.

[0171] The laundry treating apparatus may include a
current detection unit 84 connected in series with the first
coil 82 and a voltage detection unit 83 connected in
parallel with the first coil 82.

[0172] The thermistor 91 may be a Negative Tempera-
ture Coefficient-thermic resistor (NTC-thermistor) whose
resistance decreases as the temperature increases.
Hereinafter, the NTC-thermistor is also briefly referred
to as an NTC.

[0173] The resistance value of the NTC may be re-
ferred to as Rntc. The NTC may have a resistance value
Rntc that exponentially decreases according to the tem-
perature of a load (drum). Hereinafter, the thermistor 91
and the NTC 91 will be described by using the same
reference numeral.

[0174] As described above, the second circuit 90 in-
stalled in the drum 30 may output at least one (herein-
after, it will be expressed as a voltage value and/or a
current value) of a voltage value and a current value
according to a resistance value that decreases according
to the temperature of the NTC 91.

[0175] The outputvoltage value and/or current value of
the NTC 91 may be transmitted to the second coil 92.
Thereafter, this value may be transmitted to the first
circuit 80 by the interaction between the first coil 82
and the second coil 92. That is, a current that fluctuates
according to a change in the resistance value of the NTC
91 can be transmitted to the first coil 82 of the first circuit
80 by the interaction between the first coil 82 and the
second coil 92. In this case, the interaction may be an
electromagnetic induction phenomenon in which curren-
t/voltage is induced between the first coil 82 and the
second coil 92.

[0176] The controller 85 may estimate a resistance
value of the NTC 91 by using impedance obtained by
detecting the voltage and current values obtained at this
time. The controller 85 may estimate the temperature of
the drum 30 from the estimated resistance value of the
NTC 91.

[0177] The controller 85 may compensate an error in
the resistance value of the NTC 91 by comparing the
impedance obtained by detecting the voltage and current
values with an equivalent impedance of the first and
second circuits 90 viewed from the capacitor. Through
this, the error in the estimated temperature of the drum 30
can be compensated.

[0178] The process of estimating the temperature of
the drum 30 will be described later in detail.
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[0179] A power supply unit 81 of the first circuit 80 may
apply a resonant frequency. This resonant frequency
may be the same as the frequency of a signal induced
to the primary coil 82 through the secondary coil 92.
[0180] Impedance can be defined as a ratio of AC
voltage and current which are generated in a reference
point or applied to a specific object. An alternating signal,
such as an AC voltage, has a phase. In order to compare
the phases, it is necessary that the frequencies of two
signals have the same state. This is because comparing
of the phases may not be meaningful if the frequencies
are different.

[0181] Therefore, in order to compare the measured
impedance and the equivalent impedance, it may be
necessary to compare the (resonant) frequency and then
compare the phase angle.

[0182] Meanwhile, the capacitor C may increase the
resolution (degree of change; degree of discrimination) of
a value related to the temperature of the drum 30 re-
ceived through the second coil 92.

[0183] For example, in the case of a washing machine
combined with dryer, a distance between the first coil 82
and the second coil 92 may occur due to a structural
distance between the drum 30 and the tub 20. The
distance between the first coil 82 and the second coil
92 may be, for example, 28 mm to 30 mm. Accordingly, a
mutual inductance M between the first coil 82 and the
second coil 92 may be reduced.

[0184] Due to this, a change in the resistance value of
the NTC 91 may not be significantly observed in the first
circuit 80. The capacitor C may compensate a phenom-
enoninwhich achange inthe resistance value ofthe NTC
91 may not be significantly observed in the first circuit 80.
[0185] Referring to FIG. 9, the first coil 82 may be
installed on the tub 20, in the opposite side of the coil
71 of the induction heater 70. In addition, the first coil 82
may be installed on the tub 20, in a range of =60 degrees
from the opposite side of the coil 71 of the induction
heater 70.

[0186] Thatis, in the case of a washing machine com-
bined with dryer, the first coil 82 may be installed in the tub
20. The first coil 82 may be located on the tub 20 in a
direction opposite to the coil 71 of the induction heater 70.
Accordingly, the influence of the magnetic field generated
in the coil 71 of the induction heater 70 on the first coil 82
may be minimized.

[0187] Meanwhile, the first coil 82 may be installed
within a range between positions of adjacent lifters in-
dicated by dotted line in FIG. 9. That is, the first coil 82
may be installed on the tub 20 in a range within =60
degrees from the opposite side of the coil 71 of the
induction heater 70. Accordingly, the influence of the
magnetic field generated in the coil 71 of the induction
heater 70 on the first coil 82 may be minimized. Thus,
interference of the first coil 82 with other structure that
may be provided under the tub 20 such as a washing
heater other than the induction heater 70 can be avoided.
[0188] The second coil 92 may be installed ata position
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passing the shortest distance from the first coil 82 ac-
cording to the rotation of the drum 30. That is, when the
drum 30 rotates, the second coil 92 installed in the drum
30 may pass a position of the shortest distance from the
first coil 82.

[0189] In addition, the second circuit 90 including the
second coil 92 may be installed on the outer surface of the
drum 30.

[0190] Inthe case of awashing machine combined with
dryer, the second circuit 90 including the NTC 91 and the
second coil 92 in the outside of the drum 30 can be
installed at the lifter position of the drum 30 that is a load.
Here, the dotted line in FIG. 9 indicates the position of the
lifter.

[0191] When the second coil 92 is installed inside the
drum 30, current may not be transmitted to the first coil 82
side due to the material characteristics of the load (drum
30).

[0192] Meanwhile, a balance maintaining unit 93 may
be provided at a position that divides the circular angle of
the drum 30 into equal parts with respect to a position
where the second circuit 92 of the drum 30 is attached.
[0193] Forexample, in the case of a washing machine
combined with dryer, it may be necessary to maintain the
weight balance when rotating at high speed. Therefore, a
weight balance may be achieved by attaching the bal-
ance maintaining unit 93 made of a material having non-
magnetic properties.

[0194] In this case, for example, when the lifter is
located at a position where the angle of the drum 30 is
divided into three equal parts, and the second circuit 90 is
provided in any one of three parts, such a balance main-
taining unit 93 may be installed in the other two parts.
[0195] Forexample,incase ofadryer, itmay notrotate
at a high speed, the balance maintaining unit 93 for
maintaining a weight balance may not be installed.
[0196] FIG. 10 is a schematic diagram illustrating an
example of installation of a first coil and a second coil of a
laundry treating apparatus according to an embodiment
of the present invention.

[0197] Referring to FIG. 10, the size of the first coil 82
may be greater than the size of the second coil 92. Thatis,
it may be advantageous that the size of the first coil 82
acting as a sensing coil is designed to be larger than the
size of the second coil 92 transmitting a signal so as to
maintain a constant inductance (L1, L2, M) value even
during the rotation of the drum 30 in consideration of the
rotation of the load (drum 30).

[0198] In addition, depending on a distance between
the applied washing machine and the first coil 82 and the
second coil 92, it may be necessary to optimize the
number of turns of the first coil 82 and the value of the
parallel capacitor C.

[0199] Meanwhile, the temperature error can be mini-
mized by compensating an error by using rotation angle
information of the drum 30.

[0200] Hereinafter, a process of estimating the tem-
perature of the drum 30 by using a circuit configuration of
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the washing machine according to an embodiment of the
present invention shown in FIG. 8 will be described in
detail.

[0201] Equation 1 is a calculation expression repre-
senting the equivalent impedance Zeq viewed from the
first circuit 80 (first side). More specifically, Equation 1 is a
calculation expression representing the equivalent im-
pedance Zeq of the first and second circuits 80 and 90
viewed from the capacitor C. The explanation in terms of
the equivalent impedance Zeq of the first and second
circuits 80 and 90 shown in FIG. 8 is as follows.

[Equation 1]
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[0202] InEquation1,L1isaninductance of the first coil
82, L2 is an inductance of the second coil 92, and M is a
mutual inductance. o represents a (resonant) frequency,
and C represents a capacitance of the capacitor of the
first circuit 80.

[0203] Referring to Equation 1, the equivalent impe-
dance Zeq of the first and second circuits 80 and 90 at a
resonant frequency is briefly summarized as follows.

[Equation 2]

2
; =_—€%-Hm—j i{ki}

[0204] Referring to Equation 1 or Equation 2 above, it
can be seen thatthe equivalentimpedance Zeq of the first
and second circuits 90 viewed from the capacitor C varies
greatly according to a change in Rntc which is a resis-
tance value of the NTC 91. That is, the equivalent im-
pedance Zeq is proportional to the resistance Rntc of the
NTC 91.

[0205] FIG. 11 is a graph illustrating a relationship
between an impedance phase angle and a frequency.
In addition, FIG. 12 is a graph illustrating a relationship
between an impedance magnitude and a frequency.
[0206] Referringto FIGS. 11 and 12, it can be seen that
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the temperature estimation of the temperature estimation
circuit using the NTC 91 is sufficiently possible.

[0207] As can be seen in FIGS. 11 and 12, it can be
seen that both the phase angle and the magnitude of the
equivalentimpedance Zeq viewed from the first side (the
first circuit 80) change significantly.

[0208] Atthistime, asinFIG. 11, if a distance between
the first side (first circuit 80) and the second side (second
circuit 90) is changed, the impedance phase angle is
changed to specify a frequency to be measured. Thus, in
order to compare two impedances, it may be necessary
to specify a frequency.

[0209] In addition, as shown in FIG. 12, the tempera-
ture may be estimated by measuring the magnitude of the
impedance at the frequency specified above.

[0210] Atthistime, itcan be seen thatthe magnitude of
the impedance changes 100 times from 200Q to 20 kQ,
which may mean that the discrimination power for tem-
perature estimation is sufficient.

[0211] Hereinafter, a temperature estimation process
under a specific simulation condition will be described
with reference to FIGS. 13 and 14.

[0212] FIG. 13 is a graph illustrating a relationship
between an impedance phase angle and a frequency
under a simulation condition. In addition, FIG. 14 is a
graph illustrating a relationship between an impedance
magnitude and a frequency under a simulation condition.
FIG. 15 is a graph illustrating a change in a resistance
value according to a temperature of NTC.

[0213] Atthistime, the first side coil turn ratio of the first
coil 82 and the second coil 92 is 5 to 5 (5:5), and a
distance between the first circuit 80 and the second circuit
90 is 30mm.

[0214] When a specific inductance L1, L2, M value for
simulation is applied, and a distance between the first
side (first circuit 80) and the second side (second circuit
90) is 30 mm, Equation 2 is summarized as follows.

[Equation 3]
L
 d=300m
[Equation 4]
L Lz
B =167
- M
o =30mm

[0215] AsshowninFIG. 13andFIG. 14, the Rntcvalue
of the NTC 91 may be derived by using the phase of the
equivalent impedance Zeq and the impedance magni-
tude at a specific frequency.
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[0216] Atthistime, as shownin FIG. 15, it can be seen
that the Rntc value of the NTC 91 varies from 200 to 1000
Q, and at this time, the temperature of the NTC varies
from 100 to 150°C.

[0217] As described above, according to the present
invention, the temperature of the drum 30 can be esti-
mated with a sufficient accuracy by using a circuit shown
in FIG. 8.

[0218] According to an embodiment of the present
invention as described above, accurate temperature es-
timation may be possible by using the characteristic of the
NTC resistance that exponentially decreases depending
on temperature.

[0219] In addition, it may be possible to estimate the
temperature regardless of a distance that is structurally
generated due to the drum and the tub.

[0220] In addition, accurate temperature estimation
may be possible even under a rotating load (drum) con-
dition.

[0221] In addition, since the temperature is estimated
by using the NTC resistance, the influence on the induc-
tance/capacitance distribution may be small.

[0222] For temperature estimation, since continuous
temperature estimation is possible without turning off a
power device, high efficiency can be achieved in case of
being applied to a product.

[0223] FIG. 16 is a flowchart illustrating a method of
controlling a laundry treating apparatus.

[0224] According to an embodiment of the present
invention, the temperature of the drum 30 of the washing
machine may be estimated by using the circuit as de-
scribed with reference to FIG. 8.

[0225] That is, due to an interaction between the first
coil 82 included in the first circuit 80 and the second coll
92 included in the second circuit 90, the resistance value
of the NTC 91 and the temperature of the drum 30 can be
estimated by comparing the impedance obtained by
detecting the voltage and current values received from
the second coil 92 with the equivalent impedance of the
first and second circuits 80 and 90 viewed from the first
circuit 80.

[0226] Hereinafter, a process of estimating the tem-
perature of the drum 30 of the laundry treating apparatus
by using the first circuit 80 and the second circuit 90 will be
described in detail with reference to FIGS. 8 and 16
together.

[0227] First, a step S10 of driving the laundry treating
apparatus may be performed. In this case, as mentioned
above, the laundry treating apparatus may correspond to
a washing machine, a dryer, and a washing machine
(dryer-integrated washing machine) which is integrated
with a dryer. Hereinafter, as a laundry treating apparatus
of the present invention, a washing machine will be
described as a representative example. However, the
laundry treating apparatus of the present invention is not
limited thereto.

[0228] The step S10 of driving the laundry treating
apparatus may include a process S11 of heating and
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rotating the load (drum 30).

[0229] In addition, the step S10 of driving the laundry
treating apparatus may include a process S12 of applying
aresonance frequency to the power supply unit 81 of the
first circuit (first side 80).

[0230] In addition, the step S10 of driving the laundry
treating apparatus may include the process of aligning
the first coil 82 (primary coil) and the second coil 92
(secondary coil). The process of aligning the first coil
82 (primary coil) and the second coil 92 (secondary coil)
may be performed automatically or manually in the wash-
ing machine. In addition, in some cases, the process of
aligning the first coil 82 (primary coil) and the second coil
92 (secondary coil) may be omitted.

[0231] When the process of aligning the first coil 82
(primary coil) and the second coil 92 (secondary coil) is
performed, a process S11 of heating and rotating the load
(drum 30) may be performed after such an alignment
process.

[0232] Thereafter, a step S20 of detecting the output
value of the second circuit 90 through the first circuit 80
may be performed. In this case, the second circuit 90 may
include the thermistor 91. The thermistor 91 may be an
NTC thermistor 91.

[0233] The resistance of the NTC 91 may be changed
by heating the drum 30. Such a change in resistance may
follow the graph shown in FIG. 15. The change in a curve
in this graph may vary according to the NTC 91.

[0234] When the resistance of the NTC 91 changes
and the drum 30 rotates, the output current (and/or
voltage) of the NTC 91 may be transmitted to the first
coil 82 through the second coil 92 (S21). That is, the
output current (and/or voltage) by Rntc, which is the
resistance value of the NTC 91 in the second side,
may be transmitted to the first coil 82.

[0235] Accordingly, in the first circuit 80, the current
(and/or voltage) reflecting Rntc may be detected (S22).
[0236] Then, a step S30 of calculating the equivalent
impedance of the first and second circuits 80 may be
performed by using the current (and/or voltage) value
reflecting the detected Rntc.

[0237] The step S30 of calculating the equivalent im-
pedance may include a process of determining the mag-
nitude and phase angle of the equivalentimpedance Zeq.
[0238] As mentioned above, impedance can be de-
fined as the ratio of AC voltage and current which are
generated in a reference point or applied to a specific
object. An alternating signal, such as an AC voltage, has
a phase. In order to compare the phases, it may be
necessary for the frequencies of two signals have the
same state. This is because comparing the phases may
not be meaningful if the frequencies are different.
[0239] Therefore, in order to compare the measured
impedance and the equivalent impedance, it may be
necessary to compare the (resonant) frequency and then
compare the phase angle.

[0240] First, steps (S40, S41) of matching the impe-
dance measured by an output value of the second circuit
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90 with the resonance frequency of the equivalent im-
pedance Zeq may be performed.

[0241] At this time, the steps (S40, S41) of matching
the resonance frequency may include a step S40 of
comparing the impedance measured by an output value
of the second circuit 90 with the resonance frequency of
the equivalent impedance Zeq to obtain an error, and a
step S41 of compensating an error in the inductance
value of the first coil 82.

[0242] That is, if an error occurs by comparing the
impedance measured by the output value of the second
circuit 90 with the resonance frequency of the equivalent
impedance Zeq, the error in the inductance value L1 of
the first coil 82 can be compensated. In this case, the
error value may include a capacitance value C.

[0243] Thus, anapplied frequency applied to the power
supply unit 81 of the first side 80 may be changed
according to the compensated error value.

[0244] Next, steps (S50, S51) of matching the impe-
dance measured by the output value of the second circuit
90 with the phase angle of the equivalentimpedance Zeq
may be performed.

[0245] Thatis, steps (S50, S51) of matching the phase
angle may include a step S50 of comparing the impe-
dance measured by the output value of the second circuit
90 and the phase angle of the equivalentimpedance Zeq
to obtain an error, and a step S51 of compensating the
error of phase angle by using the rotation angle of the
drum 30.

[0246] That is, if an error occurs by comparing the
impedance measured by the output value of the second
circuit 90 and the phase angle of the equivalent impe-
dance Zeq, compensation for the error using the rotation
angle of the load (drum 30) can be performed.

[0247] Through this process, when the frequency and
phase angle of the impedance and the equivalent im-
pedance Zeq coincide, a step S60 of estimating the
temperature of the drum 30 through the thermistor
NTC 91 with the magnitude of the equivalent impedance
Zeq can be performed.

[0248] Atthistime, the compensation of the error using
the rotation angle of the load (drum 30) may be applied to
the step S60 of estimating the temperature of the drum 30
through the thermistor (NTC) 91 with the magnitude of the
equivalent impedance Zeq.

Claims
1. Alaundry treating apparatus comprising:

a tub (20);

a drum (30) rotatably provided in the tub (20);
an induction heater (70) which is fixed to the tub
(20) while being spaced apart from the drum
(30), and heats the drum (30);

characterized in that

a first circuit (80) comprising a first coil (82)
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installed in the tub (20);

a power supply unit (81) which applies AC power
to the first coil (82); and

a second circuit (90) installed in the drum (30),
the second circuit (90) comprising a second coil
(92) disposed in a position overlapping with the
first coil (82) in a length direction of a rotational
central shaft of the drum (30) and a thermistor
(91) whose resistance varies depending on tem-
perature.

The laundry treating apparatus of claim 1, wherein
the thermistor (91) comprises an NTC thermistor
whose resistance decreases when a temperature
increases.

The laundry treating apparatus of claim 1, wherein
the second coil (92) is installed in a position where a
straight line that passes the first coil (82) and is
perpendicular to a rotation center line of the drum
(30) meets the drum (30).

The laundry treating apparatus of claim 1, wherein
the second circuit (90) is installed on an outer surface
of the drum (30).

The laundry treating apparatus of claim 4, further
comprising a lifter (50) provided on an inner surface
of the drum (30),

wherein the second circuit (90) is installed on an
outer surface of a portion of the drum (30) in which
the lifter (50) is disposed.

The laundry treating apparatus of claim 5, wherein
the drum (30) comprises:

a body having an elongated cylindrical shape;
and
a through hole (30h) formed in the body.

The laundry treating apparatus of claim 5, wherein
the lifter (50) comprises a plurality of lifters (50) ar-
ranged at regular intervals along a circumferential
direction of the drum (30),

wherein the second circuit (90) is installed on an
outer surface of a portion of the drum (30) in
which any one lifter (50) among the plurality of
lifters (50) is disposed,

further comprising a non-magnetic balance
maintaining unit (93) provided in the inside of
remaining lifters (50) among the plurality of lif-
ters (50).

The laundry treating apparatus of claim 1, further
comprising one or more non-magnetic balance
maintaining units (93) which are provided adjacent
to the drum (30),
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wherein the second circuit (90) and the one or more
balance maintaining units (93) are arranged at reg-
ular intervals along a circumferential direction of the
drum (30).

The laundry treating apparatus of claim 1, wherein
the first coil (82) is installed in an opposite side of the
induction heater (70) with respect to a center of the
tub (20).

The laundry treating apparatus of claim 9, wherein
the first coil (82) is installed within a range of £60
degrees from a point opposite to the induction heater
(70) with respect to the center of the tub (20).

The laundry treating apparatus of claim 1, wherein
the first coil (82) occupies an area largerthan an area
occupied by the second coil (92) along a circumfer-
ential direction of the drum (30).

The laundry treating apparatus of claim 1, wherein
the first circuit (80) further comprises a capacitor (C)
connected in parallel with the first coil (82).

The laundry treating apparatus of claim 1, further
comprising a controller (85) which is connected to
the first circuit (80), and estimates a temperature of
the drum (30) based on a resistance value of the
thermistor (91).

The laundry treating apparatus of claim 13, further
comprising:

a current detection unit (84) connected in series
with the first coil (82); and
a voltage detection unit (83) connected in par-
allel with the first coil (82).

The laundry treating apparatus of claim 14, wherein
the controller (85) estimates the temperature of the
drum (30) based on a measured impedance defined
as a value obtained by dividing a voltage value
detected by the voltage detection unit (83) by a
current value detected by the current detection unit
(84).

Patentanspriiche

1.

Waschebehandlungsvorrichtung,
umfasst:

die Folgendes

einen Bottich (20);

eine Trommel (30), die im Bottich (20) drehbar
bereitgestellt ist;

eine Induktionsheizeinrichtung (70), die am Bot-
tich (20) befestigt ist, wobei sie von der Trommel
(30) beabstandet ist, und die die Trommel (30)
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heizt;

gekennzeichnet durch

eine erste Schaltung (80), die eine erste Spule
(82) umfasst, die im Bottich (20) installiert ist;
eine Leistungsversorgungseinheit (81), die der
ersten Spule (82) Wechselspannungsleistung
zuflhrt; und

eine zweite Schaltung (90), die in der Trommel
(30) installiert ist, wobei die zweite Schaltung
(90) eine zweite Spule (92), die an einer Position
angeordnet ist, die in einer Langsrichtung einer
zentralen drehbaren Welle der Trommel (30) mit
der ersten Spule (82) Uiberlappt, und einen Ther-
mistor (91), dessen Widerstand sich in Abhan-
gigkeit von der Temperatur andert, umfasst.

Waschebehandlungsvorrichtung nach Anspruch 1,
wobei der Thermistor (91) einen NTC-Thermistor
umfasst, dessen Widerstand abnimmt, wenn die
Temperatur ansteigt.

Waschebehandlungsvorrichtung nach Anspruch 1,
wobei die zweite Spule (92) an einer Position instal-
liert ist, an der eine gerade Linie, die an der ersten
Spule (82) vorbei und senkrecht zu einer Drehzent-
rumslinie der Trommel (30) verlauft, auf die Trommel
(30) trifft.

Waschebehandlungsvorrichtung nach Anspruch 1,
wobei die zweite Schaltung (90) an einer AuRen-
flache der Trommel (30) installiert ist.

Waschebehandlungsvorrichtung nach Anspruch 4,
die ferner eine Hebevorrichtung (50) umfasst, die an
einer Innenflache der Trommel (30) bereitgestelltist,
wobei die zweite Schaltung (90) an einer AuRen-
flache eines Abschnitts der Trommel (30) installiert
ist, in dem die Hebevorrichtung (50) angeordnet ist.

Waschebehandlungsvorrichtung nach Anspruch 5,
wobei die Trommel (30) Folgendes umfasst:

einen Korper, der die Form eines langlichen
Zylinders hat; und

ein Durchgangsloch (30h), das im Korper aus-
gebildet ist.

Waschebehandlungsvorrichtung nach Anspruch 5,
wobei die Hebevorrichtung (50) mehrere Hebevor-
richtungen (50) umfasst, die in regelmafigen Ab-
stdnden langs einer Umfangsrichtung der Trommel
(30) angeordnet sind,

wobei die zweite Schaltung (90) an einer Aufden-
flache eines Abschnitts der Trommel (30) instal-
liert ist, in dem eine Hebevorrichtung (50) der
mehreren Hebevorrichtungen (50) angeordnet
ist,
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wobei die Waschebehandlungsvorrichtung fer-
ner eine nicht magnetische Einheit (93) zur Auf-
rechterhaltung eines Gleichgewichts umfasst,
die innerhalb der verbleibenden Hebevorrich-
tungen (50) der mehreren Hebevorrichtungen
(50) bereitgestellt ist.

Waschebehandlungsvorrichtung nach Anspruch 1,
die ferner eine oder mehrere nicht magnetische Ein-
heiten (93) zur Aufrechterhaltung eines Gleichge-
wichts umfasst, die angrenzend an die Trommel (30)
vorgesehen sind,

wobei die zweite Schaltung (90) und die eine oder die
mehreren Einheiten (93) zur Aufrechterhaltung ei-
nes Gleichgewichts in regelmaRigen Abstanden
langs einer Umfangsrichtung der Trommel (30) an-
geordnet sind.

Waschebehandlungsvorrichtung nach Anspruch 1,
wobei die erste Spule (82) auf einer gegeniberlie-
genden Seite der Induktionsheizeinrichtung (70) in
Bezug auf das Zentrum des Bottichs (20) installiert
ist.

Waschebehandlungsvorrichtung nach Anspruch 9,
wobei die erste Spule (82) im Bereich von =60 Grad
von einem Punkt gegenlber der Induktionsheizein-
richtung (70) in Bezug auf das Zentrum des Bottichs
(20) installiert ist.

Waschebehandlungsvorrichtung nach Anspruch 1,
wobei die erste Spule (82) langs einer Umfangsrich-
tung der Trommel (30) einen Bereich belegt, der
gréRer als ein Bereich ist, der durch die zweite Spule
(92) belegt ist.

Waschebehandlungsvorrichtung nach Anspruch 1,
wobei die erste Schaltung (80) ferner einen Konden-
sator (C) umfasst, der zur ersten Spule (82) parallel
geschaltet ist.

Waschebehandlungsvorrichtung nach Anspruch 1,
die ferner eine Steuereinheit (85) umfasst, die mit
der ersten Schaltung (80) verbunden ist und eine
Temperatur der Trommel (30) auf der Basis eines
Widerstandswerts des Thermistors (91) schatzt.

Waschebehandlungsvorrichtung nach Anspruch 13,
die ferner Folgendes umfasst:

eine Stromdetektionseinheit (84), die mit der
ersten Spule (82) in Reihe geschaltet ist; und
eine Spannungsdetektionseinheit (83), die zur
ersten Spule (82) parallel geschaltet ist.

Waschebehandlungsvorrichtung nach Anspruch 14,
wobei die Steuereinheit (85) die Temperatur der
Trommel (30) auf der Basis einer gemessenen Im-
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pedanz schatzt, die als ein Wert definiert ist, der
durch Dividieren eines Spannungswerts, der durch
die Spannungsdetektionseinheit (83) detektiert wird,
durch einen Stromwert, der durch die Stromdetek-
tionseinheit (84) detektiert wird, erhalten wird.

Revendications

1.

Appareil de traitement de linge comportant :

une cuve (20) ;

un tambour (30) agencé de fagon a pouvoir
tourner dans la cuve (20) ;

undispositif de chauffage ainduction (70) qui est
fixé a la cuve (20) tout en étant espacé du
tambour (30), et qui chauffe le tambour (30) ;
caractérisé en ce que

un premier circuit (80) comportant une premiere
bobine (82), installé dans la cuve (20) ;

une unité d’alimentation (81) qui applique une
alimentation en courant alternatif a la premiére
bobine (82) ; et

un second circuit (90) installé dans le tambour
(30), le second circuit (90) comportant une se-
conde bobine (92) disposée dans une position
chevauchant la premiére bobine (82) dans une
direction de longueur d’un arbre central de rota-
tion du tambour (30) et une thermistance (91)
dont la résistance varie en fonction de la tem-
pérature.

Appareil de traitement de linge selon la revendica-
tion 1, dans lequel la thermistance (91) comporte
une thermistance NTC dont la résistance diminue
lorsqu’une température augmente.

Appareil de traitement de linge selon la revendica-
tion 1, dans lequel la seconde bobine (92) est instal-
Iée dans une position ou une ligne droite que franchit
la premiére bobine (82) et est perpendiculaire a une
ligne centrale de rotation du tambour (30) rencontre
le tambour (30).

Appareil de traitement de linge selon la revendica-
tion 1, dans lequel le second circuit (90) est installé
sur une surface extérieure du tambour (30).

Appareil de traitement de linge selon la revendica-
tion 4, comportant en outre un élément de souléve-
ment (50) prévu sur une surface intérieure du tam-
bour (30),

dans lequel le second circuit (90) est installé sur une
surface extérieure d’'une partie du tambour (30) dans
laquelle I'élément de soulevement (50) est disposé.

Appareil de traitement de linge selon la revendica-
tion 5, dans lequel le tambour (30) comporte :
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un corps ayant une forme cylindrique allongée ;
et
un trou traversant (30h) formé dans le corps.

Appareil de traitement de linge selon la revendica-
tion 5, dans lequel I'élément de soulevement (50)
comporte une pluralité d’éléments de soulévement
(50) agencés ades intervalles réguliers le long d’'une
direction circonférentielle du tambour (30),

dans lequel le second circuit (90) est installé sur
une surface extérieure d’'une partie du tambour
(30) dans laquelle un élément de soulévement
(50) quelconque parmila pluralité d’éléments de
soulevement (50) est disposé,

comportant en outre une unité de maintien d’é-
quilibre non magnétique (93) prévue dans l'in-
térieur d’éléments de soulévement (50) restants
parmi la pluralité d’éléments de soulévement
(50).

Appareil de traitement de linge selon la revendica-
tion 1, comportant en outre une ou plusieurs unités
de maintien d’équilibre non magnétiques (93) qui
sont prévues au voisinage du tambour (30),

dans lequel le second circuit (90) et l'unité ou les
unités de maintien d’équilibre (93) sont agencées a
des intervalles réguliers le long d’'une direction cir-
conférentielle du tambour (30).

Appareil de traitement de linge selon la revendica-
tion 1, dans lequel la premiére bobine (82) est in-
stallée dans un c6té opposé du dispositif de chauf-
fage a induction (70) par rapport a un centre de la
cuve (20).

Appareil de traitement de linge selon la revendica-
tion 9, dans lequel la premiére bobine (82) est in-
stallée dans unintervalle de + 60 degrés a partird’'un
point opposé au dispositif de chauffage a induction
(70) par rapport au centre de la cuve (20).

Appareil de traitement de linge selon la revendica-
tion 1, dans lequel la premiere bobine (82) occupe
une aire plus grande qu’une aire occupée par la
seconde bobine (92) le long d’'une direction circonfeé-
rentielle du tambour (30).

Appareil de traitement de linge selon la revendica-
tion 1, dans lequel le premier circuit (80) comporte en
outre un condensateur (C) branché en paralléle avec
la premiére bobine (82).

Appareil de traitement de linge selon la revendica-
tion 1, comportant en outre une commande (85) qui
est reliée au premier circuit (80), et estime une
température du tambour (30) sur la base d’une va-
leur de résistance de la thermistance (91).
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14. Appareil de traitement de linge selon la revendica-

tion 13, comportant en outre :

une unité de détection de courant (84) branchée
en série avec la premiére bobine (82) ; et
une unité de détection de tension (83) branchée
en parallele avec la premiére bobine (82).

15. Appareil de traitement de linge selon la revendica-

tion 14, dans lequel la commande (85) estime la
température du tambour (30) sur la base d’une im-
pédance mesurée définie comme une valeur obte-
nue en divisant une valeur de tension détectée par
I'unité de détection de tension (83), par une valeur de
courant détectée par I'unité de détection de courant
(84).
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