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(54) CLOTHES TREATMENT APPARATUS AND CONTROL METHOD THEREFOR

(57) The present invention relates to a clothes treat-
ment apparatus and, more particularly, to a clothes treat-
ment apparatus for directly heating a drum accommodat-
ing clothes. According to an embodiment of the present
disclosure, provided is a clothes treatment apparatus
comprising: a tub; a drum, made of a metal, which ac-
commodates clothes and is rotatably provided inside the
tub; and an induction module, provided in the tub so as
to have a spacing from a circumferential surface of the
drum, for generating an electromagnetic field to heat the
circumferential surface of the drum, wherein the induction
module comprises: a coil which is formed by winding a
wire such that electric current is applied thereto to gen-
erate a magnetic field; and a base housing mounted on
an outer circumferential surface of the tub, wherein the
base housing is provided with a coil slot for defining the

shape of the coil in such a manner that the wire is mount-
ed therein so as to have a predetermined distance be-
tween wire and wire.
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Description

[TECHNICAL FIELD]

[0001] The present disclosure relates to a laundry
treatment apparatus, and more specifically to a laundry
treatment apparatus in which a drum for receiving a laun-
dry is directly heated.

[BACKGROUND]

[0002] Generally, laundry treatment apparatuses are
apparatuses for treating laundry, specifically, for wash-
ing, drying or refreshing laundry.
[0003] There are various kinds of laundry treatment
apparatuses, for example, a washing machine mainly
adapted to wash laundry, a drying machine mainly adapt-
ed to dry laundry, and a refresher mainly adapted to re-
fresh laundry.
[0004] There is also a laundry treatment apparatus that
can perform at least two laundry-treating processes,
among washing, drying and refreshing, in a single body.
For example, a combined washing and drying machine
is a kind of laundry treatment apparatus that can perform
all of washing, drying and refreshing in a single body.
[0005] Further, there has recently been developed a
laundry treatment apparatus that includes two laundry
treating bodies, both of which perform washing at the
same time, or one of which performs washing and the
other of which performs drying simultaneously therewith.
[0006] A laundry treatment apparatus may be provided
with a heating device for heating wash water or air. The
reason for heating wash water to increase the tempera-
ture thereof is to promote activation of detergent and
breakdown of dirt in order to improve washing perform-
ance. The reason for heating air is to evaporate moisture
by applying heat to wet laundry in order to dry laundry.
[0007] In general, wash water is heated by an electric
heater, which is mounted to a tub in which wash water
is contained. The electric heater is immersed in wash
water, which contains foreign substances or detergent.
Thus, foreign substances such as scale may accumulate
on the electric heater, which may lead to deterioration in
the performance of the electric heater.
[0008] Further, in order to heat air, there must be ad-
ditionally provided a fan for moving air by force and a
duct for guiding the movement of air. An electric heater
or a gas heater may be used to heat air. However, such
an air-heating method has generally poor efficiency.
[0009] Recently, there has been developed a drying
machine that heats air using a heat pump.
[0010] A heat pump is a system that uses a cooling
cycle of an air-conditioning system in the opposite way,
and thus requires the same constituent components as
the air-conditioning system, i.e. an evaporator, a con-
denser, an expansion valve, and a compressor. Different
from an air-conditioning system in which a condenser is
used as an indoor unit to decrease the indoor tempera-

ture, a drying machine having a heat pump dries laundry
using air heated by an evaporator. However, a drying
machine having such a heat pump has a complicated
structure, and the manufacturing costs thereof are high.
[0011] An electric heater, a gas heater and a heat
pump, which are used as heating devices in these various
laundry treatment apparatuses, have their own advan-
tages and disadvantages. Laundry treatment apparatus-
es having new heating devices using induction heating,
which can enhance the advantages of the above con-
ventional heating devices and compensate for the dis-
advantages thereof, are disclosed in Japanese Regis-
tered Patent No. 2001070689 and Korean Registered
Patent No. 10-922986.
[0012] However, these related art documents disclose
only a basic concept of induction heating for a washing
machine, and do not disclose concrete constituent com-
ponents of an induction heating module, connection and
operational relationships with the constituent compo-
nents of a laundry treatment apparatus, or a concrete
method or configuration for improving efficiency and se-
curing safety.
[0013] Various and concrete technologies for improv-
ing efficiency and securing safety need to be applied to
a laundry treatment apparatus utilizing an induction heat-
ing principle.

[DISCLOSURE]

[TECHNICAL PURPOSE]

[0014] The present disclosure aims to provide a laun-
dry treatment apparatus that improves efficiency and
safety while using inductively-heating.
[0015] According to one embodiment of the present
disclosure, the present disclosure is intended to provide
a laundry treatment apparatus in which even when laun-
dry is not completely immersed in washing-water, the
laundry can be steeped with the water or sterilized.
[0016] According to one embodiment of the present
disclosure, the present disclosure is intended to provide
a laundry treatment apparatus in which heating a drum
without heating the washing-water directly may raise the
temperature of the laundry to improve the laundry wash-
ing efficiency and to dry the laundry.
[0017] According to one embodiment of the present
disclosure, the present disclosure is intended to provide
a laundry treatment apparatus in which even when laun-
dry gets tangled or is massive, the laundry can be dried
entirely and evenly and a drying efficiency can be im-
proved.
[0018] According to one embodiment of the present
disclosure, the present disclosure is intended to provide
a laundry treatment apparatus in which an electrical cur-
rent leakage or short circuit to a coil is suppressed even
when the drum is heated by the coil, and the coil is pre-
vented from being deformed.
[0019] According to one embodiment of the present
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disclosure, the present disclosure is intended to provide
a laundry treatment apparatus in which the coil can be
structurally cooled even when the coil is heated due to
its own resistance.
[0020] According to one embodiment of the present
disclosure, the present disclosure is intended to provide
a laundry treatment apparatus in which ensuring stability
in fastening of an induction module may prevent a de-
parture of components constituting the induction module
even in a vibration of a tub.
[0021] According to one embodiment of the present
disclosure, the present disclosure is intended to provide
a laundry treatment apparatus which improves a drying
efficiency by uniformly heating front and rear faces of the
drum.
[0022] According to one embodiment of the present
disclosure, the present disclosure is intended to provide
a laundry treatment apparatus in which a heating effi-
ciency may be improved by reducing a spacing between
the coil of the induction module and the drum, and the
induction module may be mounted on an outer surface
of the tub more stably.
[0023] According to one embodiment of the present
disclosure, the present disclosure is intended to provide
a laundry treatment apparatus which may effectively pre-
vent overheat which may otherwise occur at a lifter pro-
vided on the drum, thereby improving a safety. According
to one embodiment of the present disclosure, the present
disclosure is intended to provide a laundry treatment ap-
paratus and a method for controlling the laundry treat-
ment apparatus in which a basic function of the lifter is
faithfully maintained and a stability is improved.
[0024] According to one embodiment of the present
disclosure, the present disclosure is intended to provide
a laundry treatment apparatus and a method for control-
ling the laundry treatment apparatus in which overheating
of a part of the drum on where the lifter is mounted is
suppressed without changing shapes of the drum and
the lifter.
[0025] According to one embodiment of the present
disclosure, the present disclosure is intended to provide
a laundry treatment apparatus and a method for control-
ling the laundry treatment apparatus in which detecting
a position of the lifter, and reducing an amount of heat
generated at a portion at an circumferential surface of
the drum corresponding to the lifter position may lead to
reducing an energy loss and preventing the lifter from
being damaged.
[0026] According to one embodiment of the present
disclosure, the present disclosure is intended to provide
a laundry treatment apparatus and a method for control-
ling the laundry treatment apparatus in which overheating
of the drum is suppressed in heating the drum when the
heat is sufficiently transferable to the drum via the wash-
ing-water or laundry therein.
[0027] According to one embodiment of the present
disclosure, the present disclosure is intended to provide
a laundry treatment apparatus and a method for control-

ling the laundry treatment apparatus in which reliably de-
tecting a temperature of a rotating drum may lead to pre-
venting the drum from inadvertently overheating.

[TECHNICAL SOLUTION]

[0028] In order to achieve the above purposes, accord-
ing to one aspect of the present disclosure, there is pro-
vided a laundry treatment apparatus comprising: a tub;
a drum rotatably disposed inside the tub for receiving
laundry therein, wherein the drum is made of a metal
material; and an induction module disposed on the tub
to be spaced from a circumferential surface of the drum
for generating an electromagnetic field to heat the cir-
cumferential surface of the drum, wherein the induction
module includes: a coil formed of windings of wires,
wherein the coil generates a magnetic field when an elec-
tric current is applied thereto; and a base housing mount-
ed on an outer circumferential face of the tub, wherein
the base housing has coil slots defined therein for receiv-
ing the wires therein and thus defining a shape of the
coil, wherein each coil slot defines a predetermined spac-
ing between corresponding adjacent wires.
[0029] The coil may be stably formed in the coil slot
defined in the base housing. The shape distortion or
movement of the coil may be prevented by the coil slot.
[0030] The induction module may include a module
cover coupled with the base housing for covering the coil.
Therefore, the coil may be stably protected from the out-
side.
[0031] A permanent magnet may be disposed between
the module cover and the coil to direct the magnetic field
generated from the coil toward the drum.
[0032] The permanent magnet may include permanent
magnets arranged in a longitudinal direction of the coil.
Each of the permanent magnets may be oriented to be
perpendicular to a length direction of the coil.
[0033] The permanent-magnet-mounted portions may
be formed on a bottom of the module cover, wherein each
permanent magnet is fixedly received in each perma-
nent-magnet-mounted portion.
[0034] The module cover may include press-contact-
ing ribs that protrude downwards from a bottom face of
the module cover to press-contact the coil.
[0035] A module-mounted portion may be formed on
an outer circumferential face of the tub, wherein the in-
duction module is mounted on the module-mounted por-
tion, wherein the base housing is coupled to the module-
mounted portion in a conformed manner. In this way, the
induction module can be more stably coupled to the tub
outer circumferential face.
[0036] The module-mounted portion may include a flat
portion positioned more radially inwardly than an outer
circumferential face of the tub.
[0037] The flat portion may define an inner portion of
the module-mounted portion.
[0038] The flat portion may define an outer portion of
the module-mounted portion.
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[0039] This flat portion can effectively reduce the spac-
ing between the coil and the circumference of the drum.
[0040] The tub may include a front tub, a rear tub, and
a tub connector connecting the front tub and the rear tub,
wherein the tub connector extends radially outwardly,
wherein the base housing is in close contact with a top
of the tub connector.
[0041] The tub connector may include an extended tub
connector that further protrudes radially outwardly from
the tub, wherein an extended tub connector connects the
front tub and the rear tub via a screw or bolt, wherein the
extended tub connector is absent in a region of the tub
corresponding to the module-mounted portion.
[0042] The reinforcing ribs may protrude downwards
from a bottom of the base housing and maintain a spacing
between the base housing and the outer circumferential
face of the tub.
[0043] The base housing may have a through-hole de-
fined therein through which air is discharged radially in-
wardly.
[0044] Each coil slot may define a coil receiving portion
defined between adjacent fixing ribs.
[0045] A spacing between the adjacent fixing ribs may
be set to be smaller than a diameter of each wire, wherein
each wire is press-fitted into each coil slot.
[0046] A protrusion height of the fixing rib may be set
to be larger than a diameter of each wire, wherein after
each wire is inserted into each coil slot, a top of each
fixing rib is melted to cover a top of each wire.
[0047] The coil may form a single layer.
[0048] The coil may have a track shape with a long
axis extending in a front-rear direction of the drum.
[0049] The coil may have two front-rear directional
straight portions and two left-right directional straight por-
tions, and has four curved portions between the two front-
rear directional straight portions and two left-right direc-
tional straight portions, wherein a radius of curvature of
each of the curved portions in an radially innermost wire
is equal to a radius of curvature of each of the curved
portions in an radially outermost wire.
[0050] In order to achieve the above purposes, accord-
ing to one aspect of the present disclosure, there is pro-
vided a laundry treatment apparatus comprising: a tub;
a drum rotatably disposed inside the tub for receiving
laundry therein, wherein the drum is made of a metal
material; and an induction module disposed on the tub
to be spaced from a circumferential surface of the drum
for generating an electromagnetic field to heat the cir-
cumferential surface of the drum, wherein the induction
module includes: a coil formed of windings of wires,
wherein the coil generates a magnetic field when an elec-
tric current is applied thereto; and a base housing mount-
ed on an outer circumferential face of the tub, wherein
the base housing receives the coil, wherein the coil has
a straight portion and a curved portion, wherein a radius
of curvature of an outer wire in a curved portion is equal
to a radius of curvature of an inner wire in a curved por-
tion.

[0051] In order to achieve the above purposes, accord-
ing to one aspect of the present disclosure, there is pro-
vided a laundry treatment apparatus comprising: a tub;
a drum rotatably disposed inside the tub for receiving
laundry therein, wherein the drum is made of a metal
material; and an induction module disposed on the tub
to be spaced from a circumferential surface of the drum
for generating an electromagnetic field to heat the cir-
cumferential surface of the drum, wherein the induction
module includes: a coil formed of windings of wires,
wherein the coil generates a magnetic field when an elec-
tric current is applied thereto; a base housing mounted
on an outer circumferential face of the tub, wherein the
base housing receives the coil, and permanent magnets
disposed on the coil to direct the magnetic field generated
from the coil toward the drum, wherein each of the per-
manent magnets is oriented to be perpendicular to a
length direction of the coil.
[0052] In order to achieve the above purposes, accord-
ing to one aspect of the present disclosure, there is pro-
vided a laundry treatment apparatus including a cabinet
defining an outer shape; a cylindrical tub installed inside
the cabinet and having a receiving space defined therein;
a metal drum which is rotatably installed in the tub and
accommodates laundry; and an induction module for in-
ductively heating the drum via forming a magnetic field,
wherein the induction module is mounted on a module-
mounted portion formed on an outer circumferential face
of the tub, wherein the module-mounted portion is posi-
tioned more radially inwardly than an outer circumferen-
tial face of the tub.
[0053] The module-mounted portion may be formed
by flattening a portion of the curved outer circumferential
face of the tub. That is, a module-mounted portion may
be formed by converting at least a portion of the curved
face of the tub to a flat face. Moreover, a distance be-
tween the flat portion and the center of the cross section
of the tub is preferably smaller than a distance between
the curved face of the tub and the center of the tub.
[0054] In order to achieve the above purposes, accord-
ing to one aspect of the present disclosure, there is pro-
vided a laundry treatment apparatus comprising: a tub;
a drum rotatably disposed inside the tub for receiving
laundry therein, wherein the drum is made of a metal
material; and an induction module disposed on the tub
to be spaced from a circumferential surface of the drum
for generating an electromagnetic field to heat the cir-
cumferential surface of the drum, wherein the induction
module includes: a coil formed of windings of wires,
wherein the coil generates a magnetic field when an elec-
tric current is applied thereto; a base housing mounted
on an outer circumferential face of the tub, wherein the
base housing has coil slots defined therein for receiving
the wires, wherein a width of each coil slot may be set to
be smaller than a diameter of each wire, wherein each
wire is press-fitted into each coil slot; and a module cover
coupled with the base housing for covering the coil.
[0055] The coil fixation and movement prevention by
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the press-fitting the wire and the covering of the top of
the wire with the module cover may allow the prevention
of the front-rear directional and left-right directional
movements of the wire by the coil slot and the prevention
of vertical movement of the wire by the module cover at
the same time.
[0056] In order to achieve the above purposes, accord-
ing to one aspect of the present disclosure, there is pro-
vided a laundry treatment apparatus comprising: a drum
made of a metal material and adapted to receive laundry
therein; an induction module spaced apart from the cir-
cumferential surface of the drum, wherein the induction
module heats the circumferential surface of the drum
through a magnetic field generated by applying a current
to a coil of the induction module; a lifter installed inside
the drum to move the laundry when the lifter rotates inside
the drum; and a module controller for controlling an output
of the induction module to control an amount of a heat
generated from the circumference face of the drum,
wherein the module controller controls a amount of a heat
differently based on a change in a position of the lifter as
the drum rotates.
[0057] The module controller may preferably control
the output of the induction module so that the amount of
heat generated by the drum when the lifter is not shortest
to the induction module is greater than the amount of
heat generated by the drum when the lifter is shortest to
the induction module.
[0058] Specifically, the module controller reduces the
output of the induction module to zero or a value below
a normal state output when the lifter is shortest to the
induction module, and control the output of the induction
module to the normal state output when the lifter is not
shortest to the induction module.
[0059] The lifter may be mounted on the inner circum-
ference of the drum. Specifically, the lifter may be made
of a plastic material.
[0060] For sensing the position of the lifter, the appa-
ratus may include a magnet provided on the drum such
that a position thereof relative to the lifter is fixed; and a
sensor disposed in a fixed position outside the drum,
wherein the sensor senses a change of the position of
the magnet as the drum rotates and senses the position
of the lifter.
[0061] When a rotation angle of the cylindrical drum is
changed from 0 to 360 degrees, such a configuration
may estimate the position of the lifter in a predetermined
angle relationship with the magnet position by sensing
the position of the magnet.
[0062] The sensor may include a reed switch or hall
sensor that outputs different signals or flags depending
on whether the magnet is detected.
[0063] The magnet may be disposed in the drum, and
the sensor may be provided in the tub. The sensor may
be mounted at the tub portion opposite the tub portion
where the induction module is mounted, to minimize the
effect of the magnetic field generated by the induction
module.

[0064] The apparatus may include a main controller
for controlling driving of a motor for rotating the drum.
The main controller may be configured to communicate
with the module controller.
[0065] The plurality of the lifters may be arranged along
the circumferential direction of the drum. The magnet
may include the same number magnets as the number
of the lifters. The sensor senses a position of each mag-
net, and senses a position of each lifter, and delivers the
sensed result to the module controller.
[0066] In an example, three magnets may be provided
when three lifters are provided. The lifters and the mag-
nets may be arranged in the same angular spacing.
Therefore, when one magnet is detected, the position of
the nearby lifter may be estimated. This may allow esti-
mating each lifter position relatively accurately even
when the drum RPM varies.
[0067] The magnet may be singular regardless of the
number of the lifters. The sensor senses the position of
the magnet, senses the position of a specific lifter, and
transmits the sensed output to the module controller. The
main controller may be configured to estimate the posi-
tions of the remaining lifters based on the output from
the sensor and the rotation angle of the motor.
[0068] In this case, this approach may be economical
to reduce the number of magnets. Estimating the position
of one of the lifters via the magnet may lead to estimating
the position of the remaining lifters relatively accurately
by considering the current RPM and the angular spacing
between the adjacent lifters. However, it may be difficult
to estimate the relative positions of the lifters under the
variable RPM of the drum.
[0069] On the circumference of the drum, a repeated
embossing pattern may be formed along the circumfer-
ence. The formation of the embossing pattern may be
excluded on a portion of the circumference of the drum
on which the lifter is mounted.
[0070] The embossing pattern may be formed by pro-
trusions or depressions from or into the circumference
face portion of the drum. Therefore, an area facing the
induction module in a region where the embossing pat-
tern is formed is smaller than an area facing the induction
module in a region where the embossing pattern is not
formed, and a spacing between the former region and
the induction module may be larger than a spacing be-
tween the latter region and the induction module. There-
fore, the current flowing in the induction module or the
output (power) of the induction module may become rel-
atively large at the time when the embossing pattern fac-
es the induction module at a shortest distance.
[0071] On the other hand, an area facing the induction
module in a region where the embossing pattern is not
formed, that is, a region on which the lifter is mounted
may be relatively larger. The spacing between the lifter
region and the induction module may be smaller. Thus,
the value of the current flowing in the induction module
or the output of the induction module may be relatively
smaller when the lifter region faces the induction module
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at a shortest distance.
[0072] The embossing pattern and the lifter mounted
portion may be arranged alternately and repeatedly and
regularly along the circumference of the drum. Therefore,
the controller may estimate the position of the lifter based
on the change in the current or output of the induction
module according to the rotation angle of the drum. That
is, the position of the lifter can be estimated relatively
accurately even when a separate sensor for sensing the
rotation angle of the drum is not provided.
[0073] In other words, the module controller may be
configured to estimate the position of the lifter based on
the change of the power or current of the induction mod-
ule due to the presence or absence of a shortest-distance
facing between the embossing pattern and the induction
module. In other words, the module controller itself, which
controls the output of the induction module, can estimate
the position of the lifter by receiving the change of the
output of the induction module as feed-back information.
[0074] To achieve the above purpose, according to one
aspect of the present disclosure, there is provided a
method for controlling a laundry treatment apparatus,
wherein the apparatus may include a drum made of a
metal material and adapted to receive laundry therein;
an induction module spaced apart from the circumferen-
tial surface of the drum, wherein an induction module
heats the circumferential surface of the drum using a
magnetic field generated by applying a current to a coil
of the induction module; a lifter installed inside the drum
to move laundry when the lifter rotates inside the drum;
and a module controller that controls the output of the
induction module to control the amount of heat generated
from the circumference of the drum, wherein the method
may include operating the induction module; controlling,
by the module controller, an output of the induction mod-
ule to a normal state output; sensing a position of the
lifter; and when the position of the lifter is detected, re-
ducing, by the module controller, the output of the induc-
tion module.
[0075] The method may include determining a condi-
tion about whether to perform the reduction phase of the
output of the induction module, regardless of whether the
lifter position is detected or not.
[0076] In the condition determination phase, a factor
for the condition may include a rotational speed of the
drum, or a current cycle type.
[0077] When the rotational speed of the drum is higher
than or equal to a spin speed, which is higher than a
tumbling speed, the laundry will rotate while contacting
closely the inner circumference of the drum. The tumbling
speed is a speed at which the laundry may fall down after
the laundry has been lifted up by the lifter as the drum is
rotated. When the rotational speed of the drum is higher
than the tumbling speed to reach the spin speed, the
centrifugal force becomes larger than the gravitational
acceleration, so that laundry does not fall down but close-
ly adheres to the inner surface of the drum and rotates
integrally with the drum.

[0078] When the laundry is brought into close contact
with the inner circumference of the drum, the heat transfer
between the drum and laundry may be carried out con-
tinuously. Therefore, in this case, it is not necessary to
variably control the output of the induction module.
[0079] The condition determination phase may be con-
figured such that, when the rotational speed of the drum
is lower than or equal to a predetermined speed, the re-
duction phase of the output of the induction module may
performed. When the rotation speed of the drum exceeds
the predetermined speed, the decreasing phase of the
output of the induction module may not be performed.
The predetermined speed may be 200 RPM in one ex-
ample.
[0080] The laundry treatment apparatus includes a tub
that houses the drum and stores washing-water therein,
wherein the output reducing phase is not performed when
in the condition determining phase, a washing cycle when
the laundry is stored in the tub is determined.
[0081] For the washing cycle, a portion of the circum-
ferential surface of the drum is immersed in the washing-
water inside the tub. Therefore, when the drum rotates,
the heat generated from the drum may be transferred to
the washing-water very effectively. Therefore, for the
washing cycle, the output reduction of the induction mod-
ule may not be necessary.
[0082] When the position of the lifter is sensed at a
position facing the induction module at the shortest dis-
tance during the sensing phase, the output reduction
phase is preferably performed.
[0083] It is preferable that in the output reduction
phase, the output is adjusted to be lower than the normal
state output or the output is turned off.
[0084] The method may further include sensing the
current value flowing in the induction module or the power
or output of the induction module. The position sensing
of the lifter may include estimating the position of the lifter
based on a change in the current value or power as
sensed. In this case, a separate sensor is not required,
which is very economical.
[0085] The apparatus may include a magnet provided
on the drum such that a position thereof relative to the
lifter is fixed; and a sensor disposed in a fixed position
outside the drum, wherein the sensor senses a change
of the position of the magnet as the drum rotates and
senses the position of the lifter. The position sensing of
the lifter may include sensing the position of the lifter
based on the output value from the sensor.
[0086] The plurality of the lifters may be arranged along
the circumferential direction of the drum. The laundry
treatment apparatus includes a single magnet such that
a position thereof relative to the lifter is fixed; and a sensor
disposed in a fixed position outside the drum, wherein
the sensor senses a change of the position of the magnet
as the drum rotates and senses the position of a specific
lifter. In this connection, the position sensing of the lifter
may include sensing the position of the specific lifter ac-
cording to the output value of the sensor, and estimating
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positions of the remaining lifters based on the rotation
angle of the drum or the rotation angle of the motor driving
the drum.
[0087] When the position of the lifter as sensed is short-
est to the induction module, the output reduction phase
may be performed.
[0088] In the above-described embodiments, the out-
put of the induction module may be controlled to be var-
iable after the induction module is operated. That is, the
output may be variable after the induction module oper-
ates in the normal state output mode.
[0089] Due to the positional relationship between the
induction module and the drum, and the shape of the
induction module and drum, the induction module heats
only a specific portion of the drum. Thus, when the in-
duction module heats the stopped drum, only the specific
portion of the drum may be heated to very high temper-
atures. Therefore, the drum needs to be rotated to pre-
vent overheating of the drum. That is, it is preferable to
rotate the drum to vary a portion of the drum being heated.
[0090] Therefore, it is desirable that the drum be rotat-
ed before the induction module operates. In a washing
machine or a dryer, the rotational speed of the drum is
generally set to a rotational speed allowing the tumbling
driving. The drum accelerates to a speed allowing the
tumbling driving immediately after the drum stops. More-
over, the tumbling drive may be achieved by forward and
reverse rotations. That is, after the tumbling driving of
the drum is continued in the clockwise direction, the drum
may be stopped and then may be tumbled driven in the
counterclockwise direction again.
[0091] When the rotational speed of the drum is very
low, the certain part of the drum may also overheat. For
example, when the tumbling driving speed is 40 RPM, it
takes a certain time until the drum accelerates from the
stopped state to 40 RPM. Therefore, a timing at which
the drum starts the tumbling driving differs from a timing
at which the drum performs the normal tumbling driving.
That is, when the drum starts the tumbling driving, the
drum gradually accelerates from the stopped state to
reach the tumbling RPM and then may be driven at the
tumbling RPM. The tumbling drive of the drum may be
performed in a predetermined direction, and then the
drum may be stopped again and then the tumbling drive
of the drum may be performed in an opposite direction.
[0092] In this connection, there is a need to achieve
the drum overheating prevention and to increase the
heating energy efficiency and the time efficiency.
[0093] In a very low RPM region of the drum, avoiding
the heating is preferable for avoiding the drum overheat-
ing. Conversely, heating the drum only after the RPM of
the drum reaches the normal RPM will cause a loss of
time.
[0094] Therefore, it is preferable that the induction
module is operated after the drum starts to rotate and
before the drum RPM reaches the normal tumbling RPM.
In one example, since the purpose of suppressing the
drum overheating is more important, the induction mod-

ule can be activated after the drum RPM reaches the
tumbling RPM.
[0095] In an example, the induction module may be
activated when the drum RPM is greater than 30 RPM.
Moreover, when the drum RPM is lower than 30 RPM,
the induction module may be disabled.
[0096] That is, it is desirable to enable the induction
module to work only when the drum RPM is higher than
a specific RPM, and to disable the induction module when
the drum RPM is lower than the specific RPM.
[0097] Therefore, in the normal tumbling drive period,
the induction module may be driven after the drum rota-
tion starts and may be stopped before the drum rotation
is stopped. That is, the induction module may be turned
on/off based on a preset RPM lower than a normal tum-
bling RPM.
[0098] In one example, the variable control of the in-
duction module may be said to be performed when the
induction module is in an on state.
[0099] To achieve the above purpose, according to one
aspect of the present disclosure, there is provided a laun-
dry treatment apparatus comprising: a drum made of a
metal material and adapted to receive laundry therein;
an induction module spaced apart from the circumferen-
tial surface of the drum, wherein the induction module
heats the circumferential surface of the drum using a
magnetic field generated by applying a current to a coil
of the induction module; a lifter installed inside the drum
to move the laundry when the lifter rotates inside the
drum, wherein the lifter is recessed in a direction config-
ured such that a spacing of the induction module and the
lifter is increased.
[0100] It is possible to structurally prevent the over-
heating in the lifter portion by defining a face of the lifter
facing the induction module more radially inwardly than
the circumferential face of the drum. In this case, the
variable control of the output of the induction module de-
pending on the position of the lifter may be unnecessary.
Moreover, the face of the lifter facing the induction mod-
ule at the shortest distance may be heated, thereby to
relatively decrease the heating time.
[0101] The prevention of the overheating in the lifter
portion via the structural modification of the lifter and
drum may be applied together with output variable control
of the induction module. In this case, the prevention of
overheating in the lifter portion may be achieved more
effectively.
[0102] To achieve the above purpose, according to one
aspect of the present disclosure, there is provided a laun-
dry treatment apparatus, wherein the apparatus may in-
clude a drum made of a metal material and adapted to
receive laundry therein; an induction module spaced
apart from the circumferential surface of the drum, where-
in an induction module heats the circumferential surface
of the drum using a magnetic field generated by applying
a current to a coil of the induction module; a lifter installed
inside the drum to move laundry when the lifter rotates
inside the drum; and a module controller that controls the
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output of the induction module to control the amount of
heat generated from the circumference of the drum,
wherein the method may include operating the induction
module; stopping the operating of the induction module;
and determining whether the induction module is to be
activated or deactivated according to a rotational speed
of the drum.
[0103] The drum may accelerate from a stationary
state to a rotational speed for the normal tumbling drive.
After the drum starts to rotate and accelerates, the rota-
tion of the drum may continue at the tumbling drive speed.
Accordingly, after the drum is rotated, whether the driving
and stopping of the induction module may be performed
may be determined based on a predetermined drum ro-
tational speed lower than the normal tumbling rotational
speed.
[0104] Once the induction module is started, the mod-
ule controller may perform a phase of controlling an out-
put of the induction module to be a normal state output.
Moreover, a phase of detecting the position of the lifter
may be performed. When the position of the lifter is
sensed, the method may include reducing the output of
the induction module by the module controller.
[0105] Thus, when the tumbling drive operation con-
tinues, the induction module may repeatedly and alter-
nately perform the normal state output section and the
reduced output section.
[0106] Moreover, the induction module is turned off be-
fore the tumbling drive operation is terminated. This is
because the drum is driven at a speed lower than the
preset drum rotation speed and then stopped.
[0107] Again, when the drum rotates in the opposite
direction, the method include sensing the rotational
speed of the drum. When the induction module starts the
driving thereof, the normal state output control, the lifter
position detection and the output reduction control may
be repeatedly performed until the induction module is
stopped.
[0108] Thus, it is possible to prevent overheating of the
drum, to prevent overheating of the specific portion (the
lifter portion) of the drum, and to increase the time effi-
ciency.
[0109] To achieve the above purpose, according to one
aspect of the present disclosure, there is provided a
method for controlling a laundry treatment apparatus,
wherein the apparatus may include a tub; a drum rotat-
ably disposed inside the tub for receiving laundry therein,
wherein the drum is made of a metal material; and an
induction module disposed on the tub to be spaced from
a circumferential surface of the drum for generating an
electromagnetic field to heat the circumferential surface
of the drum; a lifter installed inside the drum to move
laundry when the lifter rotates inside the drum; a temper-
ature sensor adapted to sense the temperature of the
drum; and a module controller configured for controlling
an output of the induction module to control the amount
of heat generated on the circumference of the drum,
wherein the module controller is configured to control the

amount of the heat based on the temperature sensed by
the temperature sensor.
[0110] The temperature sensor may be provided on
the inner circumferential surface of the tub to detect an
air temperature between the inner circumferential sur-
face of the tub and the outer circumferential face of the
drum. This temperature sensor may be not in direct con-
tact with the outer circumferential face of the tub. The
temperature of the outer circumferential face of the drum
may be estimated indirectly by the sensor.
[0111] The induction module may be mounted in either
the first or second quadrant of the cross-section of the
tub or in the first and second quadrants thereof.
[0112] The second quadrant of the tub may have a vent
for air communication inside the tub and outside the tub.
[0113] Preferably, the temperature sensor may be
spaced at a predetermined angular spacing in a clock-
wise direction from the induction module. Therefore, the
temperature sensor may be positioned to deviate from
the influence of the magnetic field of the induction mod-
ule.
[0114] In the fourth quadrant of the tub, a duct hole
may be formed to discharge or circulate the air inside the
tub to the outside of the tub.
[0115] In the third quadrant of the tub, a condensation
port may be formed to supply cooling water into the tub.
[0116] Therefore, the temperature sensor may be dis-
posed between the tub and the drum to exclude the ex-
ternal influence as much as possible to detect the tem-
perature of the outer circumferential face of the drum
more precisely.
[0117] The module controller preferably turns off the
driving of the induction module when the temperature of
the drum is greater than a predetermined temperature
based on the temperature sensed by the temperature
sensor.
[0118] The module controller may preferably control
the induction module to be driven when the drum starts
rotating and is operating at a greater speed than a pre-
determined RPM.
[0119] The predetermined RPM may be preferably
lower than the tumbling RPM.
[0120] The module controller may preferably adjust the
generated heat amount differently based on the position-
al change of the lifter as the drum rotates.
[0121] The module controller may preferably control
the output of the induction module so that the amount of
heat generated by the drum when the lifter is not shortest
to the induction module is greater than the amount of
heat generated by the drum when the lifter is shortest to
the induction module.
[0122] For sensing the position of the lifter, the appa-
ratus may include a magnet provided on the drum such
that a position thereof relative to the lifter is fixed; and a
sensor disposed in a fixed position outside the drum,
wherein the sensor senses a change of the position of
the magnet as the drum rotates and senses the position
of the lifter.
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[0123] To achieve the above purpose, according to one
aspect of the present disclosure, there is provided a
method for controlling a laundry treatment apparatus,
wherein the apparatus may include a tub; a drum rotat-
ably disposed inside the tub for receiving laundry therein,
wherein the drum is made of a metal material; and an
induction module disposed on the tub to be spaced from
a circumferential surface of the drum for generating an
electromagnetic field to heat the circumferential surface
of the drum; a lifter installed inside the drum to move
laundry when the lifter rotates inside the drum; a temper-
ature sensor adapted to sense the temperature of the
drum; and a module controller configured for controlling
an output of the induction module to control the amount
of heat generated on the circumference of the drum,
wherein the module controller is configured to control the
amount of the heat based on the temperature sensed by
the temperature sensor, wherein the method may include
operating the induction module; controlling an output of
the induction module to the normal state output by the
module controller; sensing the temperature of the drum
by the temperature sensor; and reducing the output of
the induction module by the module controller when the
temperature of the drum is greater than a predetermined
temperature.
[0124] It is preferable that in the output reduction
phase, the output may be adjusted to be lower than the
normal state output or the output may be turned off.
[0125] The method may include detecting the RPM of
the drum. When the RPM of the drum is greater than the
predetermined RPM, a phase of controlling the output of
the induction coil to be the normal state output may be
performed. When the RPM of the drum is lower than the
predetermined RPM, a phase of reducing the output may
be performed.
[0126] The predetermined RPM may be preferably
greater than 0 RPM and lower than the tumbling RPM.
[0127] The method may include sensing the position
of the lifter. The laundry treatment apparatus may include
a sensor provided on the tub to sense the position of the
lifter or a main controller for estimating the position of the
lifter based on a change in the power or output of the
induction module.
[0128] When the position of the lifter as sensed is short-
est to the induction module, a phase of reducing the out-
put may be performed.
[0129] To achieve the above purpose, according to one
aspect of the present disclosure, there is provided a
method for controlling a laundry treatment apparatus,
wherein the apparatus may include a tub; a drum rotat-
ably disposed inside the tub for receiving laundry therein,
wherein the drum is made of a metal material; and an
induction module disposed on the tub to be spaced from
a circumferential surface of the drum for generating an
electromagnetic field to heat the circumferential surface
of the drum; a lifter installed inside the drum to move
laundry when the lifter rotates inside the drum; a temper-
ature sensor adapted to sense the temperature of the

drum; and a module controller configured for controlling
an output of the induction module to control the amount
of heat generated on the circumference of the drum,
[0130] wherein the method may include operating the
induction module; stopping the induction module; deter-
mining whether the induction module is to be activated
or deactivated according to the rotational speed of the
drum; and determining whether the induction module is
to be activated or deactivated based on on the temper-
ature of the drum.
[0131] The features in the above-described embodi-
ments may be combined with each other to achieve other
embodiments as long as the features as combined are
not mutually exclusive.

[TECHNICAL EFFECT]

[0132] The present disclosure may provide a laundry
treatment apparatus that improves efficiency and safety
while using inductively-heating.
[0133] According to one embodiment of the present
disclosure, the present disclosure may provide a laundry
treatment apparatus in which even when laundry is not
completely immersed in washing-water, the laundry can
be steeped with the water or sterilized.
[0134] According to one embodiment of the present
disclosure, the present disclosure may provide a laundry
treatment apparatus in which heating a drum without
heating the washing-water directly may raise the temper-
ature of the laundry to improve the laundry washing effi-
ciency and to dry the laundry.
[0135] According to one embodiment of the present
disclosure, the present disclosure may provide a laundry
treatment apparatus in which even when laundry gets
tangled or is massive, the laundry can be dried entirely
and evenly and a drying efficiency can be improved.
[0136] According to one embodiment of the present
disclosure, the present disclosure may provide a laundry
treatment apparatus in which an electrical current leak-
age or short circuit to a coil is suppressed even when the
drum is heated by the coil, and the coil is prevented from
being deformed.
[0137] According to one embodiment of the present
disclosure, the present disclosure may provide a laundry
treatment apparatus in which the coil can be structurally
cooled even when the coil is heated due to its own re-
sistance.
[0138] According to one embodiment of the present
disclosure, the present disclosure may provide a laundry
treatment apparatus in which ensuring stability in fasten-
ing of an induction module may prevent a departure of
components constituting the induction module even in a
vibration of a tub.
[0139] According to one embodiment of the present
disclosure, the present disclosure may provide a laundry
treatment apparatus which improves a drying efficiency
by uniformly heating front and rear faces of the drum.
[0140] According to one embodiment of the present
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disclosure, the present disclosure may provide a laundry
treatment apparatus in which a heating efficiency may
be improved by reducing a spacing between the coil of
the induction module and the drum, and the induction
module may be mounted on an outer surface of the tub
more stably.
[0141] According to one embodiment of the present
disclosure, the present disclosure may provide a laundry
treatment apparatus which may effectively prevent over-
heat which may otherwise occur at a lifter provided on
the drum, thereby improving a safety. According to one
embodiment of the present disclosure, the present dis-
closure may provide a laundry treatment apparatus and
a method for controlling the laundry treatment apparatus
in which a basic function of the lifter is faithfully main-
tained and a stability is improved.
[0142] According to one embodiment of the present
disclosure, the present disclosure may provide a laundry
treatment apparatus and a method for controlling the
laundry treatment apparatus in which overheating of a
part of the drum on where the lifter is mounted is sup-
pressed without changing shapes of the drum and the
lifter.
[0143] According to one embodiment of the present
disclosure, the present disclosure may provide a laundry
treatment apparatus and a method for controlling the
laundry treatment apparatus in which detecting a position
of the lifter, and reducing an amount of heat generated
at a portion at an circumferential surface of the drum cor-
responding to the lifter position may lead to reducing an
energy loss and preventing the lifter from being dam-
aged.
[0144] According to one embodiment of the present
disclosure, the present disclosure may provide a laundry
treatment apparatus and a method for controlling the
laundry treatment apparatus in which detecting an output
control condition of the induction module may allow pre-
venting overheating of the lifter and, at the same time,
an output of the induction module may be used irrespec-
tive of a drum rotation angle, thus making it possible to
achieve a safety, an efficiency and to effectively utilize
the output from the induction module.
[0145] According to one embodiment of the present
disclosure, the present disclosure may provide a laundry
treatment apparatus in which the drum and the lifter are
heated so that a space where the laundry is received can
be heated evenly. Particularly, according to one embod-
iment of the present disclosure, the present disclosure
may provide a laundry treatment apparatus and a method
for controlling the laundry treatment apparatus in which
the overheating of the lifter may be suppressed by allow-
ing a heating temperature of a portion of the drum on
which the lifter is mounted to be lower than that of a por-
tion of the drum where the lifter is not mounted, and the
heat transfer through the lifter is allowed to improve the
heating efficiency.
[0146] According to one embodiment of the present
disclosure, the present disclosure may provide a laundry

treatment apparatus and a method for controlling the
laundry treatment apparatus in which stability and effi-
ciency are improved while minimizing a change in a
shape and a structure of each of a conventional drum
and a conventional lifter.

[BRIEF DESCRIPTION OF DRAWINGS]

[0147]

FIG. 1A is a cross-sectional view of a laundry treat-
ment apparatus according to one embodiment;
FIG. 1B is an exploded perspective view of a tub and
an induction module in the laundry treatment appa-
ratus shown in FIG. 1A;
FIG. 2C shows a concept of a separate induction
module being mounted on a tub;
FIG. 2B shows a concept of an integrated induction
module being mounted on a tub;
FIG. 3C is a top view showing one example of a
circular shape coil;
FIG. 3B is a top view of one example of an elliptical
coil;
FIG. 3C is a plan view of one example of a separate
elliptical coil;
FIG. 4A is a bottom view of a module cover;
FIG. 4B is a top perspective view of the module cover
of FIG. 4A;
FIG. 5A is a bottom view showing a module cover
according to another embodiment;
FIG. 5B is a top perspective view of the module cover
of FIG. 5A;
FIG. 5C is a cross-sectional view of one example of
a curved coil along an outer surface of the tub;
FIG. 6A is a top perspective view of one embodiment
of a base housing;
FIG. 6B is a bottom perspective view of the base
housing shown in FIG. 6A;
FIG. 6C is a cross-sectional view of the base housing
shown in FIG. 6A;
FIG. 7A is a cross-sectional view showing a position-
al relationship between the tub with a front tub and
a rear tub and an integrated induction module;
FIG. 7B is a cross-sectional view showing a position-
al relationship between the tub having the front tub
and the rear tub and a separated induction module;
FIG. 8 shows a perspective view of a state in which
an induction module with a module cover and a base
housing is separated from the tub;
FIG. 9A is a plan view showing one example of a
positional relationship between the coil and a per-
manent magnet;
FIG. 9B is a plan view showing another example of
the positional relationship between the coil and the
permanent magnet;
FIG. 10A is a plan view showing one example of a
coil having a track shape in which a ratio of a front-
rear directional width to a left-right directional width
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is relatively large;
FIG. 10B is a plan view showing one example of a
coil having a track shape in which a ratio of a front-
rear directional width to a left-right directional width
is relatively small;
FIG. 11 shows a rate of increase in temperature
along a front-rear directional length of the drum for
three different coils;
FIG. 12A is a plan view of a base housing according
to one embodiment of the present disclosure;
FIG. 12B is a bottom view of the base housing shown
in FIG. 12A;
FIG. 13 is a perspective view of a state in which the
tub and the induction module are separated from
each other according to an embodiment of the
present disclosure;
FIG. 14A is a perspective view showing a state in
which a module cover is upside down according to
an embodiment of the present disclosure;
FIG. 14B is a cross-sectional view of a permanent
magnet mount in FIG. 14A;
FIG. 15 is a plan view showing an induction module
and an induction module mount according to an em-
bodiment of the present disclosure;
FIG. 16 is a sectional view taken along a line A-A’ in
FIG. 15;
FIG. 17 is a plan view showing an induction module
and an induction module mount according to an em-
bodiment of the present disclosure;
FIG. 18 is a cross-sectional view taken along a line
A-A’ in FIG. 17;
FIG. 19 is a bottom view of a base housing according
to one embodiment of the present disclosure;
FIG. 20A shows an embodiment of a connector be-
tween the front tub and rear tub and a coupling of
the tub with the base housing via the connector;
FIG. 20B shows an embodiment of a connector be-
tween the front tub and rear tub and a coupling of
the tub with the base housing via the connector;
FIG. 21 shows a typical drum with a lifter attached
thereto;
FIG. 22 briefly illustrates a configuration of a laundry
treatment apparatus according to one embodiment
of the present disclosure;
FIG. 23 shows a block diagram of control compo-
nents that may be applied to the apparatus in FIG. 22;
FIG. 24 shows a block diagram of another embodi-
ment of control components;
FIG. 25 shows an embodiment of an inner circum-
ferential surface shape of the drum;
FIG. 26 shows changes in current and output (power)
of the induction module based on a drum rotation
angle relative to an inner circumference of the drum
in FIG. 25;
FIG. 27 illustrates a control flow according to one
embodiment of the present disclosure;
FIG. 28 illustrates a control flow according to one
embodiment of the present disclosure; and

FIG. 29 shows a magnetic field area of the induction
module and a location of a temperature sensor in a
cross section view of the tub.

[DETAILED DESCRIPTIONS]

[0148] Reference will now be made in detail to the pre-
ferred embodiments of the present disclosure, examples
of which are illustrated in the accompanying drawings.
In one example, elements or control methods of appara-
tuses which will be described below are only intended to
describe the embodiments of the present disclosure and
are not intended to restrict the scope of the present dis-
closure. Wherever possible, the same reference num-
bers will be used throughout the drawings to refer to the
same or like parts.
[0149] As shown in FIG. 1A, a laundry treatment ap-
paratus according to an embodiment of the present dis-
closure may include a cabinet 10 forming the external
appearance of the laundry treatment apparatus, a tub
20, a drum 30, and an induction module 70 for heating
the drum 30.
[0150] The tub 20 may be provided in the cabinet 10
to accommodate the drum therein. The tub may be pro-
vided in the front side thereof with an opening. The drum
30 is rotatably provided in the tub to contain laundry there-
in. Similarly, the drum may be provided in the front side
thereof with an opening. Laundry can be introduced into
the drum through the openings in the tub and the drum.
[0151] The induction module 70 may be configured to
generate an electromagnetic field to heat the drum. The
induction module 70 may be provided on the outer sur-
face of the tub 20. For example, the induction module 70
may be provided on the outer circumferential of the tub
20. The tub 20 provides a certain accommodation space
and has an opening formed in the front side thereof. The
drum 30 is rotatably installed in the accommodation
space in the tub 20 in order to contain laundry therein,
and is formed of a conductive material. The induction
module is disposed on the outer circumferential surface
of the tub 20 to heat the drum 30 using an electromagnetic
field.
[0152] The tub 20 and the drum 30 may be formed in
a cylindrical shape. Accordingly, the inner and outer cir-
cumferential surfaces of the tub 20 and the drum 30 may
be formed in a substantially cylindrical shape. FIG. 1
shows a laundry treatment apparatus in which the drum
30 is rotated about a rotation axis that is parallel to the
ground.
[0153] The laundry treatment apparatus may further
include a driving unit 40 configured to drive the drum 30
so that the drum 30 rotates inside the tub 20. The driving
unit 40 includes a motor 41, and the motor includes a
stator and a rotor. The rotor is connected to a rotary shaft
42, and the rotary shaft 42 is connected to the drum 30,
whereby the drum 30 can rotate inside the tub 20. The
driving unit 40 may include a spider 43. The spider 43
connects the drum 30 and the rotary shaft 42 to each
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other, and functions to uniformly and stably transmit the
rotational force of the rotary shaft 42 to the drum 30.
[0154] The spider 43 is coupled to the drum 30 in a
manner such that at least a portion thereof is inserted
into the rear wall of the drum 30. To this end, the rear
wall of the drum 30 is formed in a shape that is recessed
toward the interior of the drum. The spider 43 may be
inserted into the rear wall of the drum 30 further toward
the rotational center portion of the drum 30. Thus, laundry
cannot accumulate near the rear end of the drum 30 due
to the spider 43.
[0155] The drum 30 may be provided therein with a
lifter 50. The lifter 50 may be provided in a plural number
so as to be arranged in the circumferential direction of
the drum. The lifter 50 functions to agitate laundry. For
example, as the drum rotates, the lifter 50 lifts laundry
up. The laundry lifted up is separated from the lifter and
falls due to gravity. The laundry may be washed by the
impact caused by the falling thereof. In one example, the
agitation of the laundry may also improve drying efficien-
cy.
[0156] Laundry may be evenly distributed in the drum
in the forward-and-backward direction. Thus, the lifter
may be formed so as to extend from the rear end of the
drum to the front end thereof.
[0157] The induction module is a device for heating the
drum 30.
[0158] As shown in FIG. 1B, the induction module 70
includes a coil 71 which receives electric current and gen-
erates a magnetic field so that eddy current is generated
at the drum, and a module cover 72 for accommodating
the coil 71 therein. The coil comprises a wire through
which an electric current is configured to pass so as to
generate a magnetic field.
[0159] The module cover 72 may include a ferromag-
netic body. The ferromagnetic body may be a permanent
magnet, and may include a ferrite magnet. The module
cover 72 may be formed so as to cover the upper portion
of the coil 71. Therefore, the ferromagnetic body made
of, for example, ferrite, is located above the coil 71.
[0160] The coil 71 generates a magnetic field toward
the drum 30 that is located thereunder. The magnetic
field generated at the upper portion of the coil 71 is not
used for heating the drum 30. Thus, it is desirable to focus
the magnetic field in the downward direction of the coil
71, rather than in the upward direction of the coil 71. To
this end, the ferromagnetic body, such as ferrite, is pro-
vided to focus the magnetic field in the downward direc-
tion of the coil 71, i.e. toward the drum. In one example,
in the case in which the coil 71 is located below the tub
20, the ferromagnetic body, such as ferrite, is located
below the coil 71. Therefore, in any case, the coil 71 is
located between the ferromagnetic body and the drum
30.
[0161] In detail, the module cover 72 may be formed
in the shape of a box that has one open surface. Specif-
ically, the module cover 72 may have a box shape in
which the surface thereof facing the drum is open and

the opposite surface thereof is closed. Therefore, the coil
71 is located inside the module cover 72, or the module
cover 72 covers the upper portion of the coil 71. The
module cover 72 functions to protect the coil 71 from the
outside. Further, as will be described later, the module
cover 72 functions to cool the coil 71 by forming an air
flow path between the module cover 72 and the coil 71.
[0162] In the laundry treatment apparatus, the coil 71
can raise the internal temperature in the drum 30 as well
as the temperature of the body of the drum 30 by heating
the same. The heating of the drum 30 can heat wash
water contacting the drum 30 and laundry contacting the
inner circumferential surface of the drum 30. In one ex-
ample, laundry that does not contact the inner circumfer-
ential surface of the drum 30 can also be heated by in-
creasing the temperature in the drum. Therefore, the tem-
perature of the wash water, the temperature of the laun-
dry and the atmospheric temperature in the drum can be
increased to improve the washing effect, and the tem-
perature of the laundry, the temperature of the drum and
the atmospheric temperature in the drum can also be
increased to dry the laundry.
[0163] Hereinafter, the principle of heating the drum
30 using the induction module 70 including the coil 71
will be described.
[0164] A wire is wound to form the coil 71, and accord-
ingly the coil 71 has a center.
[0165] When current is supplied to the wire, the current
flows around the center of the coil 71 due to the shape
of the coil 71. Therefore, a magnetic field is generated in
the vertical direction so as to pass through the center of
the coil 71.
[0166] In this connection, when alternating current, the
phase of which varies, passes through the coil 71, an
alternating current magnetic field, the direction of which
varies over time, is formed. The alternating current mag-
netic field generates an induced magnetic field in a near-
by conductor in a direction opposite the alternating cur-
rent magnetic field, and a change in the induced magnetic
field generates induced current in the conductor.
[0167] The induced current and the induced magnetic
field can be understood as a form of inertia with respect
to changes in electric field and magnetic field.
[0168] That is, in the case in which the drum 30 is con-
figured as a conductor, eddy current, which is a type of
induced current, is generated in the drum 30 due to the
induced magnetic field generated in the coil 71.
[0169] In this connection, the eddy current is dissipated
by the resistance of the drum 30, which is a conductor,
and is converted into heat. As a result, the drum 30 is
heated by the heat generated by the resistance, and the
temperature in the drum 30 rises as the drum 30 is heat-
ed.
[0170] In other words, in the case in which the drum
30 is configured as a conductor that is formed of a mag-
netic material such as iron (Fe), it can be heated by the
alternating current of the coil 71 provided at the tub 20.
Recently, in many cases, a drum formed of stainless steel
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has been used in order to improve strength and hygiene.
A stainless steel material has relatively good electric con-
ductivity, and thus may be easily heated by a change in
an electromagnetic field. This means that there is no need
to specially manufacture a drum having a new configu-
ration or a drum formed of a new material to heat the
drum using the induction module 70. Therefore, a drum
of the type used in a laundry treatment apparatus of the
related art, i.e. a drum that is used in a laundry treatment
apparatus employing a heat pump or an electric heater
(a sheath heater), can also be used in a laundry treatment
apparatus employing an induction module.
[0171] The induction module, which includes the coil
71 and the module cover 72, may be provided on the
inner circumferential surface of the tub 20. Since the in-
tensity of the magnetic field decreases with distance, it
may be effective to provide the induction module on the
inner circumferential surface of the tub 20 so as to narrow
the gap between the induction module and the drum 30.
[0172] However, it is desirable for the induction module
to be provided on the outer circumferential surface of the
tub 20 for safety because the tub 20 contains wash water
therein and vibrates as the drum 30 rotates. Because the
interior of the tub is very humid, it may be undesirable
for the induction module to be provided on the inner cir-
cumferential surface of the tub in view of the insulation
and stability of the coil. Therefore, as shown in FIGs. 1A
and 1B, it is desirable for the induction module 70 to be
provided on the outer circumferential surface of the tub
20. Also in this case, however, it is desirable that the gap
between the induction module 70 and the outer circum-
ferential surface of the drum be made as small as pos-
sible. A preferred embodiment for this will be described
later.
[0173] Generally, in the laundry treatment apparatus,
the tub 20 has a cylindrical shape because the drum 30
rotates to wash or dry clothes (hereinafter, referred to as
’laundry’).
[0174] In this connection, the coil 71 may be provided
so as to be wound around the entire outer circumferential
surface of the tub 20 at least once.
[0175] However, if the coil 71 is wound around the en-
tire circumference of the tub 20, it requires too much wire.
In addition, a short circuit or other problems may occur
due to contact between the coil and the wash water leak-
ing from the tub 20.
[0176] Further, if the coil 71 is wound around the entire
circumference of the tub 20, an induced magnetic field
may be generated in the opening 22 in the tub 20 and
the driving unit 40, and thus may fail to directly heat the
outer circumferential surface of the drum 30.
[0177] Therefore, it is desirable for the coil 71 to be
provided only on a portion of the outer circumferential
surface of the tub 20. That is, the coil 71 may be provided
so as to be wound around a certain region from the front
side of the tub 20 to the rear side thereof at least once,
rather than being wound around the entire outer circum-
ferential surface of the tub 20.

[0178] This configuration is determined not only in con-
sideration of the heat generation efficiency in the drum
30, which can be achieved by the output of the induction
module 70, but also in consideration of the overall man-
ufacturing efficiency of the laundry treatment apparatus
on the basis of the size of a space between the tub 20
and the cabinet 10.
[0179] The coil 71 may be formed to have a single-
layer structure. That is, the wire may be wound in a single
layer, rather than in multiple layers. In the case in which
the wire is wound in multiple layers, a gap is inevitably
formed between adjacent portions of the wire. That is, a
gap is inevitably formed between a portion of the wire
that is located in the bottom layer and a portion of the
wire that is located in the top layer. Therefore, the dis-
tance between the portion of the coil that is located in the
top layer and the drum is increased. In one example,
even if such a gap can be physically eliminated, the great-
er the number of layers of the coil, the longer the distance
between the portion of the coil that is located in the top
layer and the drum, which leads to deterioration in effi-
ciency.
[0180] Therefore, it is highly desirable for the coil 71
to be formed in a single layer. This also means that it is
possible to increase the contact area between the coil
and the drum as much as possible while using the wire
having the same length. In one example, it is desirable
that the coil 71 be formed so as to occupy the maximum
allowable area within a given area of the base housing
72. That is, it is desirable to increase the coil density. The
coil is formed in a manner such that the wire is wound in
a closed loop. In this connection, the wire must not be
folded. However, it is not easy to wind the wire so that
the area of the coil is maximized while preventing the
wire from being folded. An embodiment capable of max-
imizing the area of the coil while preventing the wire from
being folded sharply will be described later.
[0181] In FIG. 1, the induction module is illustrated as
being provided on the upper portion of the tub 20. How-
ever, the present disclosure is not limited thereto. The
induction module may be provided on at least one of the
upper portion, the lower portion, and both side portions
of the tub.
[0182] The induction module may be provided on a por-
tion of the outer circumferential surface of the tub, and
the coil 71 may be wound around the surface of the in-
duction module that is adjacent to the tub 20 at least once
within the induction module.
[0183] Thus, the induction module directly radiates an
induced magnetic field to the outer circumferential sur-
face of the drum 30, thereby generating eddy current in
the drum 30 and consequently directly heating the outer
circumferential surface of the drum 30.
[0184] Although not illustrated, the induction module
may be connected to an external power source via an
electric wire to receive power, or may be connected to a
controller for controlling the operation of the laundry treat-
ment apparatus to receive power. A module control unit
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for controlling the output of the induction module may be
separately provided. The module control unit may be con-
figured to control the ON/OFF operation of the induction
module and the output of the induction module under the
control of the controller.
[0185] That is, as long as power can be supplied to the
coil 71, the induction module may receive power from
any device.
[0186] When power is supplied to the induction module
and thus alternating current flows through the coil 71 pro-
vided in the induction module, the drum 30 is heated.
[0187] In this connection, if the drum 30 is not rotated,
only a portion of the drum 30 is heated, with the result
that the portion of the drum 30 may be overheated and
the remaining portion thereof may not be heated, or may
be insufficiently heated. Further, heat may not be
smoothly transferred to the laundry contained in the drum
30.
[0188] For this reason, when the induction module is
operated, the driving unit 40 operates to rotate the drum
30.
[0189] As long as the entire outer circumferential sur-
face of the drum 30 can face the induction module, the
drum 30 may be rotated at any speed by the driving unit
40.
[0190] As the drum 30 rotates, the entire surface of the
drum 30 can be heated, and the laundry in the drum 30
can be evenly exposed to heat.
[0191] Therefore, in the laundry treatment apparatus
according to an embodiment of the present disclosure,
even though the induction module is not mounted on a
plurality of portions (e.g. the upper portion, the lower por-
tion, both side portions, etc.) of the outer circumferential
surface of the tub 20 but is mounted only on one portion,
the outer circumferential surface of the drum 30 can be
evenly heated.
[0192] In the laundry treatment apparatus according
to an embodiment of the present disclosure, the drum
may be heated to 120 degrees Celsius or higher within
a very short time by the operation of the induction module
70. If the induction module 70 is driven while the drum is
in a stationary state or is rotated at a very low speed, a
specific portion of the drum may be overheated very
quickly. This is because heat is not sufficiently transferred
from the heated drum to laundry.
[0193] Therefore, the relationships between the rota-
tional speed of the drum and the operation of the induc-
tion module 70 are very important. It is more desirable
to drive the induction module after the drum starts to ro-
tate than to rotate the drum after the induction module
starts to be driven.
[0194] A concrete embodiment of a rotation speed of
the drum and a drive control of the induction module of
the laundry treatment apparatus of the present disclosure
will be described later.
[0195] In the laundry treatment apparatus of an em-
bodiment of the present disclosure, it is not necessary
for the laundry to be completely soaked in the wash water,

and thus wash water can be saved. The reason for this
is that the portion of the drum that contacts the wash
water continuously changes as the drum rotates. That is,
the heated portion of the drum comes into contact with
the wash water to heat the wash water, and is then sep-
arated from the wash water and heated again.
[0196] In the laundry treatment apparatus according
to an embodiment of the present disclosure, it is possible
to increase the temperature of the laundry and the tem-
perature in the space containing the laundry therein. This
can be realized by heating the drum that contacts the
laundry. Therefore, it is possible to effectively heat the
laundry without immersing the laundry in wash water. For
example, wash water can be saved because the laundry
does not need to be immersed in the wash water for ster-
ilization treatment. This is because the laundry can re-
ceive heat through the drum, rather than through the
wash water. In addition, steam or water vapor generated
as the wet laundry is heated changes the interior of the
drum into a high-temperature and high-humidity environ-
ment, whereby the sterilization treatment can be more
effectively performed. Therefore, the sterilizing-washing
process, in which laundry is washed while being im-
mersed in the heated wash water, can be realized by a
method using a much smaller amount of wash water. In
other words, since it is not necessary to heat wash water,
which has a high specific heat, energy can be saved.
[0197] It will be understood that the laundry treatment
apparatus according to an embodiment of the present
disclosure is capable of reducing the amount of wash
water to be supplied in order to increase the temperature
of laundry, thus shortening the wash water supply time.
This is because it is possible to reduce the amount and
supply time of wash water that is additionally supplied
after laundry wetting. Therefore, the washing time can
be further shortened. In this connection, the water level
of the wash water containing detergent may be lower
than the minimum water level of the drum. In this case,
a smaller amount of wash water can be more effectively
used by supplying the wash water in the tub to the interior
of the drum through a circulation pump.
[0198] It will be understood that the laundry treatment
apparatus according to an embodiment of the present
disclosure is capable of eliminating a heater provided on
the lower side of the tub to heat wash water, thus simpli-
fying construction and increasing the volume of the tub.
[0199] Particularly, a general heater provided inside
the tub is limited in the extent to which the same is capable
of increasing the heating surface area. That is, the sur-
face area of the heater, which contacts air or laundry, is
relatively small. On the other hand, the surface area of
the drum or the surface area of the circumferential sur-
face of the drum is very large. Accordingly, the heating
area is increased, and thus an immediate heating effect
can be obtained.
[0200] In the heating mechanism using a tub heater
during the washing process, the tub heater heats wash
water, and the heated wash water increases the temper-
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ature of the drum, the temperature of the laundry, and
the atmospheric temperature in the drum. Therefore, it
takes a lot of time for the above components to be heated
to a high temperature.
[0201] However, as described above, the circumferen-
tial surface of the drum itself has a relatively large area
in contact with the washing water, laundry, and air inside
the drum. Thus, the heated drum directly heats the water,
laundry, and air inside the drum. Therefore, during wash-
ing, the induction module may be more effective as a
heating source than the tub heater. In addition, when the
wash water is heated during the washing process, the
operation of the drum is generally stopped. The reason
for this is to drive the tub heater submerged in the wash
water in the state in which the water level is stable. Thus,
the washing time may be increased by the time required
for heating the wash water.
[0202] On the other hand, the heating of the washing-
water using the induction module may be performed
while the drum is being driven. That is, the drum driving
for the washing and the heating of the washing water
may be performed at the same time. Accordingly, since
no extra time is required for the washing-water heating,
the increase in the washing time can be minimized.
[0203] Hereinafter, a concrete configuration and an
embodiment of the induction module of the laundry treat-
ment apparatus of the present disclosure will be de-
scribed.
[0204] In FIG. 2, in the laundry treatment apparatus
according to one embodiment of the present disclosure,
the cabinet 10 is omitted, and the tub 20, the drum 30,
and the induction module 70 are schematically shown.
[0205] In FIG. 2, the induction module 70 is disposed
on an upper face of the drum 30 in the outer circumfer-
ential face of the tub 20. This is only an example to aid
understanding. The present disclosure is not limited
thereto. The present disclosure does not exclude a con-
figuration that the induction module 70 is disposed at a
side face or a lower face of the drum 30.
[0206] As shown in FIG. 2A, at least two induction mod-
ules may be disposed along a front-rear direction of the
tub 20. That is, arranging a plurality of induction modules
on the outer circumferential face of the tub 20 in a front-
rear directional manner may allow the outer circumfer-
ential face of the drum 30 to be uniformly heated.
[0207] Further, the energy efficiency may be increased
by selectively driving the front induction module and the
rear induction module depending on the position of the
laundry.
[0208] For example, when the amount of the laundry
M is small, the laundry may be biased behind the drum.
This is because a tilting drum is often used. Conversely,
when there is a large amount of laundry, the laundry may
be evenly distributed in a front-rear direction of the drum.
[0209] When the amount of laundry is small, only the
rear induction module may be driven. When there is a
large amount of laundry, all induction modules may be
driven. In this way, the induction modules may be driven

according to the situation. Only one induction module
may be driven as needed.
[0210] As shown in FIG. 2B, the induction module may
be provided at the middle region of the drum 30. That is,
when only one induction module is provided, the induc-
tion module may be disposed at a portion corresponding
to the center of the drum 30 on the outer circumferential
face of the tub 20. In other words, one induction module
may be provided to extend forward and rearward around
the front-rear directional center of the tub 20.
[0211] In this connection, when the induction module
is biased forward, a gasket provided between the tub 20
and the drum 30 may be heated or the door to open or
close the drum opening in front of the drum may be heat-
ed. To the contrary, a driving unit 40 and a rotation shaft
42 may be heated when the induction module is biased
behind. This unnecessarily heats other components of
the laundry treatment apparatus, thus wasting energy
and possibly overheating the other components and
causing abnormal operation thereof. Therefore, this phe-
nomenon should be prevented. Particularly, a drive unit
such as a motor or a shaft 42 is provided behind the drum
30. Further, a rear portion of the drum is recessed forward
for connection with the spider 43. In other words, the back
portion of the drum is connected to the spider. An area
of contact between this connection portion and the laun-
dry is relatively small. That is, the contact area between
the connecting portion and the laundry is smaller than a
contact area between the circumferential surface of the
drum and the laundry. Therefore, heating the rear portion
of the drum is very disadvantageous in terms of heating
efficiency. Therefore, in order to prevent this situation,
the induction module may be provided exactly at the cent-
er of the drum.
[0212] For the same reason, the induction module may
be embodied as a plurality of induction modules. When
only one induction module is provided, the induction mod-
ule may be provided at a certain distance from the fore-
most part of the drum 30 and the rearmost part of the
drum 30.
[0213] When the induction module is provided in a
range from the foremost part to the rearmost part of the
drum 30 and is provided at or about a vertical portion of
the drum, a door, a circulation duct, a spray nozzle, and
the like provided between the drum 30 and the tub 20
may be heated. When the induction module is provided
in a range from the rearmost part of the drum 30 to the
vertical portion of the drum, the drive unit 40 for the drum
30 may be heated. This situation should be avoided.
[0214] That is, when the induction module is provided
only in a region spaced a certain distance from the fore-
most and rearmost portions of the drum 30, this may pre-
vent the eddy current from being generated and heated
in other parts of the laundry treatment apparatus.
[0215] FIG. 3 shows examples of a top view of the coil.
That is, FIG. 3 shows the coil as viewed from above.
[0216] Referring to FIG. 3A, the coil 71 may be wound
at least once while maintaining the circular shape. That
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is, it is assumed that B be a length of the coil in the front-
rear direction of the tub 20, and a length of the coil in the
width direction or the left-right directional direction of the
tub 20 is defined as A. The lengths A and B may be the
same. The coil 71 may be arranged to form a flat struc-
ture. The coil 71 may be formed in a shape having a
curved portion at each of left and right portions with con-
sidering the cylindrical outer circumferential face of the
tub 20. In the latter case, the spacing between the coil
71 and drum 30 may be reduced along the outer face of
the drum 30.
[0217] Referring to FIG. 3B, the coil 71 may be provid-
ed in an elliptical shape. That is, the coil may be provided
in an elliptical shape in which a long axis extends in the
front-rear direction of the tub. In this connection, since
the length B is larger than the length A and the coil 71
extends longer in the front-rear direction of the tub 20
than in the width direction of the tub 20. Thus, the front
and rear portions of the drum 30 can be heated evenly.
[0218] Referring to FIG. 3C, the coil 71 may be wound
at least once. Upper and lower coils may be spaced apart
from each other. That is, a plurality of coils may be ar-
ranged in the front-rear direction of the tub 20.
[0219] In other words, the long axis of each coil may
extend in the left-right direction of the tub 20. At least two
coils 71 may be arranged in the short axis direction of
each coil, that is, in the front-rear direction of the tub to
heat the drum 30 in the front-rear and left-right directions.
[0220] The shape of coil 71 and the number of coils 71
may vary. In one example, the shape of coil 71 and the
number of coils 71 may vary, depending on the capacity
of the laundry treatment apparatus, that is, depending on
the outer diameter or front-rear directional length of the
tub or drum.
[0221] According to the work from the present inven-
tors, when the areas between candidate coils are the
same, a configuration in which one induction module
whose a center of the coil corresponds roughly to the
front-rear directional center of the drum is mounted is the
most effective.
[0222] In an example, a 100 percent efficiency is as-
sumed when the same coil is located at the position cor-
responding to the center of the drum. In this connection,
it could be seen that a forwardly position-biased coil has
an efficiency of about 96 percent while a rewards posi-
tion-biased coil has an efficiency of about 90 percent. In
other words, when the coil has a constant area, it may
be seen that a configuration in which the coil is installed
in a shape extending in the front-rear direction around
the center of the drum. Therefore, instead of separating
the coil by a plurality of sub-coils, a configuration in which
the center of the coil position-corresponds to the center
of the drum is the most effective. When the coil is divided
into a plurality of sub-coils, the areas of the coils position-
corresponding to the center of the drum are inevitably
reduced. In the case of the two coils arrangement as
shown in FIG. 3C, adjacent parts of the two coils may
position-correspond to the center of the drum. Therefore,

on the assumption that one coil in the former case has
the same coil area as a total coil area of the two coils in
the latter case, it may be seen that the coil arrangement
shown in FIG. 3A is more efficient in terms of heating
performance than the coil arrangement shown in FIG. 3C.
[0223] In one example, assuming the same coil area,
it is preferable that the coil is formed such that a propor-
tion of the coil is concentrated on the central portion of
the coil. That is, I may be the most efficient that the central
portion of the coil defines a single vertical line. In case
of FIG. 3A, the coil has a single center axis. The coil of
FIG. 3B has a center axis as a single vertical face. The
central axis in FIG. 3C may be defined as two vertical
lines or two vertical faces.
[0224] When the average temperature of the drum
heated by these coils is measured, the coils in FIG. 3B
and FIG. 3C exhibit the average temperature of the drum
lower than that for the coil FIG. 3A. These results show
that the performance of the single coil is better than a
total performance of a plurality of coils. It may also be
seen that the closer the center axis of the coil looks like
to a single vertical line than to a single vertical face, the
better the performance thereof.
[0225] However, with considering that laundry does
not come into contact with an entire region of the drum
throughout the drum and that all laundry, not just some
laundry, must be heated evenly, the coil in FIG. 3B may
be more desirable than the coil in FIG. 3A. For example,
when the laundry is dried, all of 10 laundries may be well
dried, but remaining two laundries, each being biased
toward the front and back of the drum, may not be dried
sufficiently. This problem may be more significant than
a problem of a reduction in drying efficiency. This is be-
cause a consumer may be very uncomfortable with this
drying result in which the remaining two laundries have
not yet dried. Thus, it may be most desirable that the
laundries may be evenly heated in the front-rear direction
of the drum and the entire laundry may be heated evenly,
although the heating efficiency is reduced by some ex-
tent.
[0226] In other words, the heating efficiency and drying
efficiency may vary depending on the shape of the coil.
The heating efficiency may be referred to as an output
energy (heated amount of the drum) relative to an input
energy. The heating efficiency may refer to a ratio at
which the electrical energy applied to the induction mod-
ule is converted to the thermal energy that heats the
drum. However, the drying efficiency may be referred to
as the input versus output until the entire laundry has
been fully dried. In the latter case, a time factor may be
further considered.
[0227] Therefore, it is more desirable that though the
heating efficiency is lowered to some extent, the drying
time may be shortened, and the superheating problem
may be avoided, assuming that the drying could be com-
pleted and the drying could be terminated. To this end,
the coil in FIG. 3B is more preferable than the coil in FIG.
3A. That is, in FIG. 3A, the center axis of the coil looks
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like close to a single vertical line, so that the heating ef-
ficiency is relatively high but the drying efficiency is rel-
atively small.
[0228] In one example, for the same coil, as mentioned
above, the coil is preferably positioned to face the front-
rear directional center of the drum. Similarly, the change
of the position of the coil and the change of the heating
efficiency are independent of each other. However, with
considering the drying efficiency, the position of the coil
may be considered.
[0229] For this reason, it is preferable that the coil 71
is a single coil and is formed in an elliptical shape or a
track shape having a long axis in the front-rear direction
of the drum. Further, a center of the coil 71 preferably
faces the front-rear directional center of the drum.
[0230] FIG. 4 shows one example of a fixing structure
for the coil 71 of the induction module.
[0231] As described above, the module cover 72 may
be provided to cover the coil 71. The module cover 72 is
provided in the shape of a box whose bottom face is
opened to prevent the coil 71 from being detached from
the tub 20 due to external vibration.
[0232] Further, the module cover 72 may has a lateral
space defined therein through which the coil 71 is re-
ceived in the cover 72.
[0233] FIG. 4A shows the module cover 72 as viewed
from the bottom. The module cover 72 may have a plu-
rality of coil fixing portions 73 radially arranged to be
spaced apart from each other so that while a form of the
coil 71 is smoothly maintained, the coil 71 is wound. The
coil fixing portions 73 may be integrally formed with the
module cover 72. The module cover 72 may be formed
via a plastic injection.
[0234] Each of the coil fixing portions 73 may include
a bar shaped support 731. The support 731 may be pro-
vided to press the coil 71 downwardly. Therefore, since
the coil 71 is pushed downwardly by the support 731, the
overall shape of the coil 71 may be held without being
deformed.
[0235] Each of the coil fixing portions 73 may include
a protrusion 732 protruding downward from each of both
ends of the support 731. Outer protrusions 732 and inner
protrusions 732 may be defined to surround the coil 71
radially outwardly and radially inwardly of the coil 71 re-
spectively. Therefore, the coil 71 may be prevented from
being pushed radially inwards or outwards to be de-
formed.
[0236] FIG. 4B shows an internal view of the module
cover 72 as viewed from a top.
[0237] The coil 71 begins to wind along the radially
inner protrusions 732 of the coil fixing portions 73 and
reaches the radially outer protrusions 732 of the coil fixing
portions. Thus, the winding of the coil 71 may be com-
pleted.
[0238] As such, the coil 71 may be secured in the mod-
ule cover 72 while maintaining its shape.
[0239] In one example, the coil fixing portions 73 may
act as a mold for forming the coil while performing a func-

tion for fixing the coil. That is, a contour and size of the
coil are determined in accordance with the coil fixing por-
tions 73. Accordingly, the coil may be conformed to the
coil fixing portions 73. In other words, the coil 71 may be
formed using the coil fixing portions 73. Moreover, the
coil fixing portions 73 may allow the coil to be be kept
from being distorted or deformed.
[0240] Thus, the support 731 of the coil fixing portions
73 may be configured to seat the coil thereon and the
protrusion 732 may be configured to prevent the coil from
moving. These coil fixing portions may be formed along
the longitudinal direction of the coil. Therefore, the entire
coil can be stably formed and its shape can be maintained
by the coil fixing portions 73.
[0241] In one example, the coil 71 has been described
as being circularly and elliptically wound in the induction
module. The coil 71 may be effective to heat the outer
circumferential face of the drum 30 when the coil is wound
in a as close manner as possible to the rectangular
shape.
[0242] This is because the drum 30 is cylindrical and
thus a cross-section of the outer circumferential face of
the drum 30 perpendicular to the ground has a rectan-
gular cross-sectional shape.
[0243] Thus, when the coil 71 is wound in a rectangular
shape corresponding to the cross-sectional shape of the
outer circumferential face of the drum 30 perpendicular
to the ground at a maximum extent, this may reduce an
amount of a portion of the drum 30 which the magnetic
field generated by the coil 71 does not reach. Thus, the
drum 30 may also effectively heat the drum 30.
[0244] However, winding the coil 71 in a perfectly rec-
tangular shape may be difficult realistically with consid-
ering a material of the coil 71 and a coil winding process.
Therefore, it may be more desirable to wind the coil 71
into the track shape as close to a rectangular shape as
possible. Moreover, the track shape may allow the coil
area to be further increased as compared with the ellip-
tical shape.
[0245] In one example, when an elliptical coil and a
track-shaped coil are formed in a rectangle shape, an
area by which the inside of the rectangle is filled is larger
in the track shaped coil than in the elliptical shaped coil.
This is because, for the track shaped coil, the area oc-
cupied by the coil at four corner portions may be further
increased compared to the elliptical shaped coil. Specif-
ically, a portion of the coil 71 wound on each of the front
and the rear portions of the tub 20 is curved. Each of both
side portions of the coil 71 connecting the front and the
rear portions of the tub 20 may has a straight line shape.
Only each edge portion of the coil 71 may be formed in
a round shape.
[0246] FIG. 5 shows an embodiment in which the coil
71 may be wound in the form of a track.
[0247] Referring to FIG. 5A, the coil fixing portions 73
are not arranged in a radial shape, but are arranged in a
row at each of upper and lower portions with reference
to the drawing. Each of coil fixing portions 73 provided
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on middle sides may be oriented to perpendicular to an
orientation of each of the upper and lower coil fixing por-
tions 73 arranged in a line.
[0248] In other words, when we define a left side of
FIG. 5A as the forward direction of the tub 20 and a right
side of FIG. 5A as the rear direction of the tub 20, a plu-
rality of coil fixing portions 73 provided on each of both
lateral portions of the tub 20 are provided in a row, while
each of the coil fixing portions 73 provided on the front
and rear of the tub 20 may be oriented perpendicularly
to an orientation of each of the coil fixing portions 73 on
the both lateral portions of the tub 20.
[0249] Referring to FIG. 5B, the coil 71 extends linearly
along the coil fixing portions 73 provided along both lat-
eral portions of the tub 20. The coil 71 has a curvature
to wind around the coil fixing portions 73 provided along
the front and rear portions of the tub 20.
[0250] As a result, the coil 71 may be wound into a
track shape when the coil 71 is wound along the arrange-
ment of the coil fixing portions 73.
[0251] As a result, the coil 71 may generate an eddy
current in a wider area of the outer circumferential face
of the drum 30.
[0252] In this connection, the coil fixing portion provid-
ed on the outer circumferential face of the tub and having
an orientation perpendicular to the rotation axis of the
drum is referred to as a first coil fixing portion, whereas
the coil fixing portion provided on the outer circumferen-
tial face of the tub and having an orientation parallel to
the rotation axis of the drum is referred to as a second
coil fixing portion. In either case, it is preferable that an
orientation of each of the first and second coil fixing por-
tions 73 is perpendicular to the winding direction of the
coil or the longitudinal direction of the coil (more specif-
ically, the longitudinal direction of the wire).
[0253] FIG. 4 and FIG. 5 show that the coil 71 is wound
into a planar form parallel to the ground. The present
disclosure is not limited thereto. One face of the module
cover 72 where the coil fixing portions 73 are provided
may have a curvature according to the radius of curvature
of the drum 30 or the radius of curvature of the tub 20.
The coil 71 may be provided to correspond to the radius
of curvature of the drum 30 because the coil 71 is wound
according to the curvature of the module cover 72.
[0254] Specifically, the radius of curvature of the tub
is larger than the radius of curvature of the drum. When
the coil 71 has the radius of curvature equal to the radius
of curvature of the drum 30, the spacing between the coil
and the drum may be minimized along the entire region
of the coil. However, since the coil 71 is located on the
outer circumferential face of the tub, it is preferable that
the coil 71 conforms to the outer circumferential face of
the tub. In an example, the coil 71 may be formed into
the curved shape having the same radius of curvature
as the radius of curvature of the outer circumferential
face of the tub. FIG. 5C shows one example where the
coil 71 is formed into the curved shape having the same
radius of curvature as the radius of curvature of the outer

circumferential face of the tub 20.
[0255] Thus, the spacing between the coil 71 and the
drum 30 may remain constant as it goes outwardly from
the center of the coil 71. This may generate an eddy
current of the uniform intensity on the outer circumferen-
tial face of the drum 30. That is, the outer circumferential
face of the drum 30 may be evenly heated.
[0256] In one example, when the coil is formed by wind-
ing a wire around the coil fixing portions 73, there may
be a possibility of short-circuiting between adjacent wires
in close contact with each other.
[0257] To prevent this situation, the wire 71 may be
coated with a coating film such as an insulating film sep-
arately. However, the coil 71 is overheated by its own
resistance. The cooling of the coil 71 may be difficult such
that the insulating film may still have the risk of melting.
[0258] Further, an additional cost may be incurred
when the insulating coating is applied to form a thick in-
sulating film on the wire forming the coil 71. In order to
prevent this situation, it is preferable that the coils are
arranged to be spaced apart from each other when the
coils 71 are wound around the induction module. This
may reduce the thickness of the insulation coating.
[0259] That is, it is preferable that when the coils 71
are wound at least once along a direction from a front to
a rear of the tube 20 on the induction module, the coils
are wound to have a predetermined spacing between the
coils so as not to contact each other. Thus, the coils 71
does not contact each other and there is no possibility of
the short circuit therebetween. The heat of the coil 71
can also be easily cooled. Furthermore, the area of the
wound coil 71 itself may be wider, thereby heating a larger
area of the outer circumferential face of the drum 30.
[0260] Hereinafter, referring to FIG. 6, an embodiment
in which an induction module 70 having a base housing
74 for fixing the coil 71 will be described in detail.
[0261] FIG. 6 shows the base housing 74 by which the
coil is shaped and to which the coil is fixed. The base
housing 74 may be integrally formed with the tub 20 via
a plastic injection. A wire may be inserted into the base
housing 74 to form the coil 71. Thus, the spacing between
adjacent wires may be maintained, and the wire may be
fixed. Therefore, the entire coil may be fixed without being
deformed.
[0262] As shown in FIG. 6, the induction module 70
may further include the base housing 74 that allows the
wires to be spaced apart from one another when the wires
of the coil 71 are wound at least one time forwardly and
backwardly of the tub 20 on the induction module. The
base housing 74 may also be coupled to the module cov-
er 72. Accordingly, the base housing and the module
cover may be coupled to each other to form an internal
space receiving the coil therein. Therefore, the base
housing and the module cover may be referred to as a
module housing. The base housing 74 may be coupled
to the module cover 72 to be received in the module cover
72.
[0263] The base housing 74 may be provided sepa-
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rately from the tub 20 and may be coupled with the outer
circumferential face of the tub. In one example, the base
housing 74 may be integral with the tub 20. However,
from the perspective of a manufacturer providing various
models, there is no need to form the base housing 74
integrally with the tub 20 for a specific model and thus to
manage a remaining inventory for the specific model.
Thus, the base housing 74 is preferably formed sepa-
rately from the tub.
[0264] FIG. 6 illustrates a structure in which the base
housing 74 may be coupled to the outer circumferential
face of the tub 20. The present disclosure is not limited
thereto. The present disclosure does not exclude a con-
figuration that the base housing 74 is integrally formed
with the tub 20 as described above.
[0265] The base housing 74 may include a base 741
disposed on the outer circumferential face of the tub 20.
The base 741 may have a curvature or a shape corre-
sponding to a curvature or a shape of the outer circum-
ferential face of the tub 20. The base 741 may be formed
in a curved plate shape to conform to the outer circum-
ferential face of the tub 20.
[0266] In this connection, the coil 71 may be wound on
the base 741. In other words, the coil may be wound on
the base at least once forwardly and rearwardly of the
tube. Moreover, the base 741 may have a structure on
which a bottom of the wire is seated.
[0267] The base 741 may include connectors 743 that
may be attached to and joined to the outer surface of the
tub. The connectors 743 may correspond to module con-
nectors 26 formed on the outer circumferential face of
the tub 20 as shown in FIG. 1B. A screw may allow cor-
responding connectors 743 and 26 to be coupled togeth-
er. In this connection, the base 741 may be supported
by the connectors 743 but may be spaced apart from the
tub 20 by a certain spacing. This may prevent the base
741 from being exposed directly to the vibration of the tub.
[0268] In this case, the base housing 74 may also in-
clude a reinforcing rib (not shown) that defines the spac-
ing between the base and the outer circumferential face
of the tub 20 and supports the strength of the base.
[0269] In this connection, since the tub 20 is provided
in a cylindrical shape, the base 741 may conform to the
outer circumferential face of the tub. That is, the base
741 may be formed to have the same curvature as that
of the tub 20.
[0270] In one example, the base 741 may be in face-
contact with the outer circumferential face of the tub 20.
In this case, the spacing between the coil 71 and the
drum 30 may be minimized to prevent dispersion of the
magnetic field.
[0271] The base 741 may have a coil slot 742 defined
in one face thereof that may guide the coil 71 to be wound
at least once on the base 741.
[0272] In this connection, each coil slot 742 may guide
each wire of the coil 71 to be wound while the wires are
spaced apart from each other.
[0273] Each coil slot 742 may be defined by a combi-

nation of adjacent fixing ribs 7421 protruding from the
base 741. That is, each wire may be inserted and fixed
between corresponding adjacent fixing ribs. The coil slot
742 may extend in a track shape. That is, the overall
shape of each coil slot may be a track shape. Moreover,
adjacent fixing ribs may define each lane having the track
shape. That is, adjacent fixing ribs may form one lane
and each wire may be inserted inside each lane. Depend-
ing on the number of lanes, the number of turns of the
coil may be determined.
[0274] Accordingly, each wire may be press-fitted into
each coil slot 742. Since both sides of the wire are in
close contact with the fixing ribs defining the coil slot 742,
the lateral movement of the wire may be prevented. Thus,
the shape of the coil may be maintained.
[0275] That is, the fixing ribs 7421 may be formed of
circle, ellipse, or track-shaped concentric extensions
having different dimeters. In other words, the diameters
of the fixing ribs 7421 may increase as they go outwardly.
[0276] FIG. 6A shows that the coil slot 742 is defined
by a combination of adjacent fixing ribs 7421, and each
fixing rib 7421 has a track shape having a straight portion
and a curved portion. Thus, the coil 71 may be wound
on the base 741 in an order from the outermost fixing rib
7421 to the innermost fixing rib 7421 or vice versa.
[0277] The fixing rib 7421 not only guides the coil 71
to be wound on the base, but also allows the coils 71 to
have a spacing from one another when they are wound
on the base.
[0278] Further, between a first fixing rib 7421 and a
second fixing rib 7421 adjacent to the first fixing rib 7421,
a receiving portion 7422 is defined. That is, each of the
wires of the coil 71 may be accommodated in the receiv-
ing portion 7422, which is defined by the adjacent fixing
ribs 7421 spaced apart from each other. That is, the fixing
ribs 7421 may be spaced apart to define the receiving
portion 7422.
[0279] The fixing rib 7421 may be formed to protrude
upwards from the base 741. In this case, the bottom face
of the receiving portion may be the top face of the base
741.
[0280] Further, the fixing rib 7421 may define the top
face of the base 741. In this case, the receiving portion
7422 may be depressed downwards to allow the fixing
rib 7421 to upwardly protrude relative to the receiving
portion.
[0281] The base housing may further include protrud-
ing ribs 7423 that protrude further above the fixing rib
7421. The protruding rib 7423 may protrude from the top
face of the fixing rib 7421 by a certain distance. The pro-
truding ribs 7423 may also serve to maintain a spacing
between the fixing ribs 7421 and the module cover 72.
[0282] Further, the protruding ribs 7423 may serve as
a measure of a relative position of the fixing rib 7421. In
other words, it may be determined based on the protrud-
ing rib 7423 that the fixing rib 7421 is located inside or
outside the protruding rib 7423. This may allow for easy
identification of the number of turns or area of the coil 71
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when the coil 71 is wound around the fixing rib 7421.
[0283] FIG. 6B shows a back face of the base housing
74. FIG. 6C shows a cross-section of 74 of the base hous-
ing.
[0284] The base 741 may include a plurality of through-
holes 7411.
[0285] At least one through-hole 7411 may be defined
in the base 741.
[0286] The through-holes 7411 may be arranged sym-
metrically when the base 741 has a rectangular shape.
The through-holes 7411 may be defined in one face and
the other face of the base. The through-holes 7411 may
define openings penetrating the base vertically. A portion
of the base where the through-holes are not formed may
form a closed portion.
[0287] In this connection, each through-hole 7411 may
be defined in a quarter circular shape in each corner of
the base 741. In a non-corner portion of the base 741,
the through-hole 7411 may have a rectangular shape.
[0288] Further, the through-holes 7411 may be defined
in a region of the base 741 correspond to the fixing ribs
7421.
[0289] Thus, when the coil 71 wound in the receiving
portion 7422 heats via an electrical resistance, the
through-holes 7411 may dissipate the heat of the coil 71
to prevent the damage to the base 741.
[0290] In one example, a plurality of through-holes
7411 may be formed along the longitudinal direction of
the coil 71. Accordingly, a portion of the coil positioned
above the through-holes 7411 may be exposed vertically.
That is, an air gap may be formed between adjacent
wires. This can prevent the coil from overheating.
[0291] Further, the base 741 may have a reinforcing
rib 7412 for reinforcing a strength and rigidity on the back
face in which the through-holes 7411 are defined.
[0292] The fixing ribs 7421 may not be fixed or sup-
ported in a region where the through-holes 7411 are de-
fined. In this connection, the reinforcing rib 7412 may
also serve to secure the fixing rib 7421 and reinforce the
rigidity of the fixing rib 7421.
[0293] Further, unlike the embodiment shown in FIG.
6, the receiving portion 7422 may be embodied as a re-
ceiving groove recessed into the base 741 between the
spaced fixing ribs 7421 of the base 741.
[0294] In this connection, the receiving groove may be
considered to define the receiving portion 7422. In this
connection, the fixing rib 7421 may be omitted. Only the
receiving groove 7422 recessed in the base 741 may be
provided. In this connection, the receiving groove 7422
may be formed on the base 741.
[0295] That is, the receiving groove 7422 may be en-
graved in the base 741. In other words, the receiving
groove 7422 may be defined by engraving the base 741.
[0296] In this connection, the receiving grooves may
have circle, ellipse, and track shapes that share the cent-
er but are different in diameter. The coils 71 may be
spaced apart while the coils are wound in and along the
receiving grooves at least once.

[0297] In one example, the coils 71 may be spaced
from each other at a constant spacing on the base 741.
The spacings between the coils 71 may be uniform. That
is, the coils 71 may be provided on the base 741 to have
equal spacings therebetween.
[0298] To this end, the receiving portions 7422 may be
provided on the base 741 while being spaced apart from
one another at the uniform spacing. The fixing ribs 7421
may protrude from the base 741 in circular, elliptical, or
track shapes having the same center and being arranged
to be spaced from each other by the uniform spacing.
[0299] FIG. 7 shows an installation method of the in-
duction module when the tub 20 is formed by assembling
the front tub and rear tub together.
[0300] The tub 20 may be provided in a cylindrical
shape. In this connection, the tub 20 may be formed into
a cylindrical shape in a monolithic manner having a re-
ceiving space defined therein. However, the present dis-
closure is not limited thereto. Each of two half portions
of the cylindrical shape may be prepared. Then, the two
half portions may be assembled together.
[0301] That is, the tub 20 may be formed in an assem-
bling manner to facilitate the fabrication of the tub 20.
[0302] When the tub 20 is provided in the assembling
manner, the tub 20 may include a front tub 21 surrounding
a front of the drum 30 and a rear tub 22 surrounding a
rear of the drum 30.
[0303] In this connection, the front tub 21 and the rear
tub 22 may be joined via a connector 25.
[0304] The connector 25 may have any shape, provid-
ed that one end of the front tub 21 and one end of the
rear tub 22 may be coupled to each other via the con-
nector 25. In one example, the connector 25 may be pro-
vided to perform sealing as well as physically connecting
the front tub 21 and the rear tub 22.
[0305] In this connection, due to the connector 25, the
tub 20 may protrude convexly at a location of the con-
nector 25.
[0306] As shown in FIG. 7A, the induction module 70
may be spaced apart from the tub 20 so as not to contact
the connector 25.
[0307] However, as shown in FIG. 7B, the induction
module 70 may be provided on each of the front tub 21
and the rear tub 22.
[0308] That is, the induction module 70 may include a
first induction module 70a provided on the outer circum-
ferential face of the front tub 21 and a second induction
module 70b provided on the outer circumferential face
of the rear tub 22.
[0309] When the induction module is divided into the
first and second induction modules as the tub 20 is di-
vided into the front and rear tubs, the induction module
may not be physically restricted by the connector 25.
[0310] In other words, when the induction module is
singular, the induction module should be spaced from
the tub 20 via the connector 25 of the tub 20 (See FIG.
7A). However, when the first and second induction mod-
ules are provided, the first and second induction modules
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may closely contact the tubs (See FIG. 7B). As a result,
the induction modules may be closer to the drum 30, so
that the magnetic field generated from the induction mod-
ules may be more effectively transmitted to the drum 30.
[0311] Further, the front tub 21 and the rear tub 22 may
be arranged symmetrically with each other. Further, the
first induction module 70a provided on the front tub 21
and the second induction module 70b provided on the
rear tub 22 may be arranged symmetrically with respect
to each other.
[0312] That is, the first induction module 70a and the
second induction module 70b may be arranged symmet-
rically around a center of the drum 30 with respect to a
direction perpendicular to the ground.
[0313] However, as described above, it has been de-
scribed that the installation of a single induction module
is more preferable in terms of heating efficiency than the
installation of the two induction modules. Therefore, there
is a need to further develop an approach to further reduce
the spacing between the drum and the induction module.
In addition, a method of minimizing an interference be-
tween the connector 25 and the induction module 70
needs to be further developed. Embodiments for those
developments will be described later.
[0314] Hereinafter, a configuration for adjusting the di-
rection of a magnetic field that is generated in the coil
will be described with reference to FIG 8.
[0315] Generally, the laundry treatment apparatus in-
cludes a controller (not shown) for rotating the driving
unit 40, manipulating a control panel (not shown) provid-
ed in the cabinet 10 and controlling the processes of the
laundry treatment apparatus, and further includes vari-
ous electric wires (not shown).
[0316] The induction module 70 serves to heat the
drum 30 using the magnetic field radiated from the coil
71. However, in the case in which the controller and the
electric wires provided in the laundry treatment apparatus
are exposed to the magnetic field radiated from the coil
71, abnormal signals may be generated in the controller
and the electric wires.
[0317] Further, because the electronic devices, such
as the controller, the electric wires, the control panel, etc.,
are susceptible to a magnetic field, it is desirable that
only the drum 30 be exposed to the magnetic field gen-
erated by the induction module. Therefore, it is highly
desirable that no conductor be provided between the coil
71 of the induction module 70 and the drum 30.
[0318] Further, since the generated magnetic field
must be used only for heating the drum, it is highly de-
sirable that the magnetic field be focused in the direction
toward the drum (e.g. in the downward direction of the
coil).
[0319] To this end, the induction module 70 may further
include a blocking member 77 so that the magnetic field
generated by the coil 71 is focused only on the drum 30.
That is, the blocking member 77 may be provided on the
coil 71 so that the magnetic field is focused in the direction
toward the drum.

[0320] The blocking member 77 may be formed of a
ferromagnetic material in order to focus the magnetic field
generated by the coil 71 in the direction toward the drum.
[0321] The blocking member 77 may be coupled to the
upper side of the base 74, and may be attached or mount-
ed to the inner surface of the module cover 71. The block-
ing member 77 may be formed in a flat plate shape. In
addition, a portion of the module cover 72 may be formed
of a ferromagnetic material to serve as the blocking mem-
ber.
[0322] That is, since the module cover 72 is formed in
the shape of a box that has one open surface, in the case
in which the module cover 72 accommodates the coil 71
or the base 74 therein, it can focus the magnetic field in
the direction toward the drum 30. In this case, the addi-
tional blocking member 77 may be omitted.
[0323] In one example, the blocking member 77 may
be a permanent magnet such as ferrite. The ferrite may
not be formed so as to cover the entire upper portion of
the coil 71. That is, the ferrite may be formed so as to
cover only a portion of the coil, like the coil-fixing portion
shown in FIGs 3 and 4. This means that the ferrite bar
magnet can be fixed to the coil-fixing portion. That is, a
permanent magnet made of, for example, ferrite, may be
provided perpendicular to the longitudinal direction of the
coil so as to focus the magnetic field in a desired direction.
Therefore, it is possible to greatly improve efficiency us-
ing a small amount of ferrite. A concrete embodiment of
the ferrite will be described later.
[0324] Although not illustrated, the controller may ad-
just the amount of current that flows through the coil 71,
and may supply current to the coil 71.
[0325] The controller (not shown) may further include
at least one of a thermostat (not shown) or a thermistor
(not shown) in order to interrupt the supply of current to
the coil when an excessive amount of current is supplied
to the coil or when the temperature of the coil rises above
a predetermined value. That is, a temperature sensor
may be included. The thermostat and the thermistor may
be provided in any shape, as long as they can interrupt
the supply of current to the coil 71.
[0326] A detailed embodiment including such a con-
troller and temperature sensor will be described later.
[0327] Hereinafter, the relationships between the coil
71 and the permanent magnet 75 will be described in
detail with reference to FIG 9.
[0328] The permanent magnet 75 may be provided to
focus the magnetic field generated by the coil 71 in the
direction toward the drum 30 in order to improve efficien-
cy. The permanent magnet may be formed of a ferrite
material. Specifically, the permanent magnet 75 may be
provided in the form of a bar magnet that is perpendicular
to the winding direction of the coil 71 or the longitudinal
direction of the coil 71. The permanent magnet may be
formed so as to form an intrinsic magnetic field in the
upward-and-downward direction. Specifically, the per-
manent magnet may be formed so that the magnetic field
is formed in the direction toward the drum.
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[0329] FIG. 9 is a plan view of the coil 71 in which a
wire 76 is wound around a certain region on the outer
circumferential surface of the tub 20. The permanent
magnet 75 is also illustrated as being provided on the
top surface of the coil 71.
[0330] As illustrated in FIG. 9, the permanent magnet
75 may be configured as a bar magnet, and may be lo-
cated on the coil 71 while being arranged perpendicular
to the longitudinal direction of the coil 71. This is for cov-
ering both an inner coil portion located at a radially inward
position and an outer coil portion located at a radially
outward position at the same time.
[0331] The permanent magnet 75 may be provided in
a plural number, and the plurality of permanent magnets
75 may be bar magnets that are the same size as each
other. The permanent magnets 75 may be arranged so
as to be spaced apart from each other in the longitudinal
direction of the coil 71.
[0332] In the case in which the permanent magnets 75
are disposed at specific positions, the amount of the mag-
netic field radiated to the drum 30 is different for each
portion of the circumferential surface of the drum 30, and
thus it is difficult to evenly heat the drum. Therefore, in
order to evenly induce the magnetic field generated by
the coil 71 in the direction toward the drum 30, it is de-
sirable that the permanent magnets 75 be arranged so
as to be spaced apart from each other with a constant
interval or a constant pattern along the circumference of
the coil 71.
[0333] Further, in the case in which the number of per-
manent magnets 75 used for each portion of the coil 71
is the same, it is desirable that the permanent magnets
75 be densely disposed on the portions of the coil 71 that
are adjacent to the front and rear sides of the tub 20.
[0334] Specifically, the coil 71 may be sectioned into
both end portions B1 and B2, which include a front end
portion B1 located adjacent to the front side of the tub 20
and a rear end portion B2 located adjacent to the rear
side of the tub 20, and an intermediate portion A, which
is located between the front end portion B1 and the rear
end portion B2 and has a larger area than the front end
portion B1 and the rear end portion B2. The permanent
magnets 75 may be arranged such that the number there-
of disposed on the front end portion B1 or the rear end
portion B2 of the coil is equal to or greater than that dis-
posed on the intermediate portion A of the coil.
[0335] The density of the coil 71 in the intermediate
portion A is relatively large. On the other hand, the density
of the coil 71 in the both end portions B1 and B2 is rela-
tively small. The density of the coil is inevitably reduced
in the both end portions B1 and B2 due to the rounded
corners. The reason for this is that the coil cannot be
theoretically bent at a right angle at the corners.
[0336] Therefore, relatively less concentration of the
magnetic field is required for the intermediate portion A
of the coil, and relatively greater concentration of the
magnetic field is required for the both end portions B1
and B2 of the coil. Thus, in the case in which the number

of permanent magnets used for each portion of the coil
is the same, it is desirable that the permanent magnets
be more densely disposed on the both end portions of
the coil than on the intermediate portion of the coil. Ac-
cordingly, it is possible to evenly heat the front and rear
sides of the drum. That is, the embodiment shown in FIG.
9B can further improve efficiency by more evenly heating
the drum than the embodiment shown in FIG. 9A.
[0337] In other words, the magnetic flux density in the
both end portions B1 and B2 of the coil is increased
through the dense arrangement of the permanent mag-
nets, with the result that the drum 30 is evenly heated in
the longitudinal direction thereof.
[0338] Specifically, under the same conditions, the em-
bodiment shown in FIG. 9B may be more efficient than
the embodiment shown in FIG. 9A. Further, assuming
that the number of permanent magnets used for each
portion of the coil is the same, it may be desirable to move
the permanent magnets located in the intermediate por-
tion A of the coil to positions adjacent to the both end
portions B1 and B2 of the coil in terms of efficiency. There-
fore, in the case in which the total magnetic flux density
is determined through the permanent magnets, it is de-
sirable that the magnetic flux density in the both end por-
tions of the coil be set to be larger than the magnetic flux
density in the intermediate portion of the coil.
[0339] The above-described embodiment related to
the winding form of the coil 71 and the above-described
embodiment related to the arrangement of the permanent
magnets 75 can be applied to a single laundry treatment
apparatus without any contradiction. That is, it is possible
to obtain the effect of more evenly heating the drum 30
when the above-described embodiment related to the
winding form of the coil and the above-described embod-
iment related to the arrangement of the permanent mag-
nets are combined, compared with when these embod-
iments are implemented individually.
[0340] The coil 71 may be formed in any shape, such
as a concentric circle, an ellipse, a track, etc., as long as
the coil 71 can be formed on the outer circumferential
surface of the tub 20 by winding the wire 76. However,
the extent to which the drum 30 is heated may vary de-
pending on the wire-winding shape. This has been de-
scribed above.
[0341] For example, like the coil shown in FIG. 10B, in
the case in which the radius of curvature of the curved
portion of the coil is different between the inner coil por-
tion located at the radially inward position and the outer
coil portion located at the radially outward position, the
amount of the magnetic field transferred to the center of
the drum 30 and the amount of the magnetic field trans-
ferred to the front and rear sides of the drum 30 may be
significantly different from each other.
[0342] In other words, because the area of the coil that
is located near the front and rear sides of the drum 30 is
relatively small, the amount of the magnetic field that is
transferred to the front side of the circumferential surface
of the drum 30 is relatively small. On the other hand,
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because the area of the coil that is located near the center
of the drum 30 is relatively large, the amount of the mag-
netic field that is transferred to the center of the circum-
ferential surface of the drum 30 is relatively large. There-
fore, it is difficult to evenly heat the drum 30.
[0343] Therefore, it is desirable for the coil to be formed
in a rectangular shape, rather than a square shape. That
is, it is desirable that the width in the forward-and-back-
ward direction of the coil be greater than the width in the
lateral direction thereof. Accordingly, it is possible to ex-
pand the center portion of the coil, which has a relatively
large area, in the direction from the center of the drum
to the front and rear ends of the drum.
[0344] As shown in FIGS 9 to 10A, the wire 76 may be
wound such that the coil 71 includes straight portions 71a
and 71b and a curved portion 71c. In the curved portion
71c, the inner coil portion and the outer coil portion may
have the same radius of curvature as each other. That
is, it is desirable that the radius of curvature of the wire
at a position close to the center of the coil and the radius
of curvature of the wire at a position distant from the cent-
er of the coil be the same. The radius of curvature in the
straight portions 71a and 71b is meaningless, and thus
the same radius of curvature is meaningful in the curved
portion 71c. In the case of FIG. 10B, the radius of curva-
ture in the curved portion 71c is different for each portion
of the coil located in the radial direction. Specifically, in
the case of FIG. 10B, the radius of curvature in the curved
portion 71c is gradually increased in the radially outward
direction.
[0345] It may be seen that the area of the corner portion
of the coil shown in FIG. 10A and the area of the corner
portion of the coil shown in FIG. 10B are significantly
different from each other.
[0346] The relationships between the straight portions
71a and 71b and the curved portion 71c will now be de-
scribed in more detail with reference to FIG 9. The straight
portions 71a and 71b include a front straight portion 71b
located on the front side of the outer circumferential sur-
face of the tub 20 and a rear straight portion 71b located
on the rear side of the outer circumferential surface of
the tub 20, which are collectively referred to as horizontal
(lateral) straight portions, and further includes a vertical
(longitudinal) straight portion 71a, which is formed per-
pendicular to the horizontal straight portions 71b. It is
desirable that the length of the vertical straight portion
be greater than the length of the horizontal straight por-
tion. That is, in the case in which the coil is formed in an
elliptical shape or a track shape, it is desirable that the
long axis of the coil be formed in the forward-and-back-
ward direction of the tub.
[0347] The curved portion 71c is formed at the position
at which the horizontal straight portion 71b and the ver-
tical straight portion 71a meet. That is, the coil may be
formed by four curved portions 71c, which have the same
radius of curvature as each other, and four straight por-
tions.
[0348] Through the above-described configuration,

the both end portions B1 and B2 of the coil, which include
the front end portion located adjacent to the front side of
the tub 20 and the rear end portion located adjacent to
the rear side of the tub 20, and the intermediate portion
A of the coil, which is located between the front end por-
tion B1 and the rear end portion B2, may have uniform
lateral widths. In addition, the curved portion may be
formed such that the inner coil portion and the outer coil
portion have the same radius of curvature as each other,
with the result that the curved portion may be formed so
as to maximally approximate to the shape of the corner
of a rectangle. In other words, a first radius of curvature
of an inner coil portion of the curved portion of the coil
being the same as a second radius of curvature of an
outer coil portion of the curved portion of the coil.
[0349] As a result, the amount of the magnetic field
radiated from the both end portions B1 and B2 of the coil
to the front and rear portions of the circumferential sur-
face of the drum 30 can be set as close as possible to
the amount of the magnetic field radiated from the inter-
mediate portion A of the coil to the center of the circum-
ferential surface of the drum 30. That is, the amount of
the magnetic field, which may be reduced at the both end
portions of the coil due to the shape thereof, can be com-
pensated for as much as possible through the uniform
radius of curvature in the curved portion.
[0350] Therefore, it is possible to obtain the effect of
evenly heating the center and the front and rear portions
of the circumferential surface of the drum 30.
[0351] This uniform heating, which can be achieved
through the above-described shape of the coil and the
uniform radius of curvature in the curved portion, may be
more effectively performed through magnetic field con-
centration using the above-described ferrite. That is, the
magnetic field may be further focused on the front and
rear sides of the drum than on the center of the drum by
the ferrite. In other words, the magnetic field that is ex-
cessively focused on the center of the drum may be dis-
persed to the front and rear sides of the drum. This dis-
persion method is very economical and effective. In the
case in which the amount of the magnetic field that can
be focused by the ferrite is determined, the arrangement
of the ferrite may be appropriately concentrated on the
regions corresponding to the front and rear ends of the
drum.
[0352] FIG. 11 show coils 71 having different vertical
lengths from each other and the temperature rise distri-
bution of the circumferential surface of the drum 30 de-
pending on the longitudinal widths of the coils 71.
[0353] In the graph, the vertical axis represents por-
tions of the outer circumferential surface of the drum 30.
In this connection, ’1’ denotes the rear portion of the outer
circumferential surface of the drum 30, ’5’ denotes the
front portion of the outer circumferential surface of the
drum 30, and ’2’ to ’4’ denote the portions between the
rear portion of the outer circumferential surface of the
drum 30 and the front portion thereof. The horizontal axis
represents the temperature rise rate of the drum 30.
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[0354] Hereinafter, the longitudinal width of the coil 71
and the temperature rise rate of the drum 30 will be de-
scribed through comparison of the coils 71 shown in FIG.
11. FIG. 11A shows the case in which the drum is heated
using the coil having the largest longitudinal width, FIG.
11B shows the case in which the drum is heated using
the coil having a medium longitudinal width, and FIG.
11C shows the case in which the drum is heated using
the coil having the smallest longitudinal width.
[0355] In the case of the coil of FIG. 11A, the temper-
ature rise rate is substantially uniform over the front and
rear portions and the center of the drum 30. In the case
of the coil of FIG. 11C, the temperature rise rate is sig-
nificantly different between the front and rear portions of
the drum 30 and the center of the drum 30. In the case
of the coil of FIG. 11B, the temperature rise rate is some-
what different between the front and rear portions of the
drum 30 and the center of the drum 30.
[0356] That is, on the assumption that the area of the
coil 71 is uniform, the front and rear portions and the
center of the drum 30 can be more evenly heated as the
longitudinal width of the coil 71 becomes longer. This can
be realized by expanding a large portion of the coil from
the region corresponding to the center of the drum to the
regions corresponding to the front and rear portions of
the drum.
[0357] An analysis of the relationships between the ar-
ea or shape of the coil and the efficiency with which elec-
tric energy is converted into thermal energy will be de-
scribed with reference to FIG. 711.
[0358] First, in the case in which the area of the coil is
uniform, that is, the case in which the coil is formed using
a piece of wire having a uniform length, the efficiency
with which electric energy is converted into thermal en-
ergy increases as the shape of the coil more closely ap-
proximates a circle or a square. The reason for this is
that the closer the center of the magnetic field is to a
single axis (line), the smaller the amount of magnetic field
that leaks.
[0359] However, it is not desirable to mount a circular-
or square-shaped coil on the cylindrical-shaped tub in
terms of convenience of mounting and mounting stability.
This is because the lateral width of the coil is increased,
which means that the angle between the left end and the
right end of the coil is increased. The increase in the
angle between the left end and the right end of the coil
means that the coupling error between the cylindrical-
shaped tub and the left and right ends of the coil is inev-
itably increased. Therefore, it is desirable that the angle
between the left end and the right end of the coil be sub-
stantially less than 30 degrees about the center of the tub.
[0360] FIGs 11B and 11C show coils having the same
lateral width as each other. The lateral width of the coil
is set to be uniform for mounting stability and conven-
ience. FIG. 11C shows an example of maximizing the
lateral width of the coil in order to maximize the energy
conversion efficiency. However, since the extension of
the lateral width of the coil is limited, the width in the

forward-and-backward direction of coil is inevitably re-
duced. This means that the area expansion of the coil is
limited and the front and rear portions of the drum cannot
be sufficiently heated. Therefore, only some of the laun-
dry in the drum is heated, but the rest of the laundry is
not heated. Accordingly, drying efficiency is significantly
lowered.
[0361] In view of this problem, there may be provided
the coil of FIG. 11B, of which the width in the forward-
and-backward direction thereof is increased while main-
taining the lateral width thereof. In this case, the area of
the coil is increased so that the front and rear portions of
the drum can also be heated, and thus the overall tem-
perature rise rate increases.
[0362] The coil of FIG. 11A is an example in which the
width in the forward-and-backward direction thereof is
increased instead of reducing the area of a center portion
thereof and the lateral width thereof as compared with
the coil of FIG. 11B. As illustrated, the temperature rise
rate at the center of the drum is slightly reduced, but the
temperature rise rate at the front and rear ends of the
drum is increased. That is, it may be seen that the tem-
perature rise rate is substantially uniform over the front
and rear portions and the center of the drum.
[0363] It may be seen that although the energy con-
version efficiency is the lowest due to the increase in the
width in the forward-and-backward direction of the coil
and the decrease in the area of the center portion of the
coil, the coil of FIG. 11A is the most desirable one in
terms of uniform heating of the drum.
[0364] As described above, although energy conver-
sion efficiency is important, drying efficiency is more im-
portant when the energy conversion efficiency is not
greatly different. That is, it is more important to evenly
heat the drum so that the laundry is evenly dried irre-
spective of the location thereof in the drum. Generally, a
drying process is performed until a desired degree of
dryness for each piece of laundry is satisfied. In the case
in which a drying process is performed by sensing the
degree of dryness, when a specific piece of laundry is
not dried, the drying process is performed until a desired
degree of dryness for the specific piece of laundry is sat-
isfied and consequently until a desired degree of dryness
for all of the laundry is satisfied.
[0365] It may be said that the shorter the time required
for satisfying the same degree of dryness, i.e. the drying
time, the higher the drying efficiency. A reduction in the
drying time means energy savings.
[0366] Therefore, even if the efficiency of the induction
module is lowered, it is more desirable that the energy
consumption of the laundry treatment apparatus be low.
From this point of view, the present applicant has found
that the coil of FIG. 7 is the most efficient when not only
the efficiency of the induction module but also the overall
efficiency of the laundry treatment apparatus is consid-
ered.
[0367] In the case in which a portion of the wire that is
located at the outermost position of the horizontal straight
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portion 71b is expanded to the front and rear portions of
the tub 20, the drum 30 may be more evenly heated. In
this case, however, the magnetic field is excessively ra-
diated in the forward-and-backward direction and heats
the driving unit 40, the door, or other components of the
laundry treatment apparatus, thus leading to damage to
the laundry treatment apparatus. Further, since unnec-
essary components may also be heated, efficiency may
be lowered. Therefore, the increase in the length or width
in the forward-and-backward direction of the coil or the
induction module needs to be limited.
[0368] In the case of a laundry treatment apparatus in
which the rear portion of the tub 20 is inclined inside the
cabinet 10, when the tub 20 vibrates upwards and down-
wards, the front upper edge of the induction module 70
interferes with the bottom surface of the top panel of the
cabinet, which causes damage to the induction module
70 and the cabinet 10. In order to prevent this problem,
the height of the cabinet 10 may be increased. In this
case, however, a compact laundry treatment apparatus
cannot be realized.
[0369] Thus, a portion of the wire that is located at the
outermost position of the front straight portion 71b and a
portion of the wire that is located at the outermost position
of the rear straight portion 71b are spaced apart from the
front side of the tub 20 and the rear side of the tub 20,
respectively, by a predetermined distance. The prede-
termined distance may range from 10 mm to 20 mm.
[0370] The above-described configuration has effects
of preventing unnecessary heating of components other
than the drum 30 or interference between the induction
module 70 and the bottom surface of the top panel of the
cabinet 10 and of evenly heating the outer circumferential
surface of the drum 30.
[0371] Further, the length of a portion of the wire that
is located at the outermost position of the vertical straight
portion 71a of the coil 71 may be greater than the length
of a portion of the wire that is located at the outermost
position of the horizontal straight portion 71b.
[0372] This prevents the magnetic field from being ra-
diated in an excessively wide range in the circumferential
direction of the drum 30 so as to avoid heating compo-
nents other than the drum 30, and makes it possible to
secure an arrangement space for a spring or other ele-
ment, which may be provided on the outer circumferential
surface of the tub 20.
[0373] In this connection, the surface of the coil 71,
which is formed by winding the wire 76, may be curved
corresponding to the circumferential surface of the drum
30. In this case, the magnetic flux density of the magnetic
field that is radiated to the drum 30 may be further in-
creased.
[0374] Further, when the induction module 70 is oper-
ated, the drum 30 may be rotated so that the circumfer-
ential surface of the drum 30 can be evenly heated.
[0375] The tub 20 vibrates during the operation of the
laundry treatment apparatus. Thus, in the case in which
the coil 71 is mounted on the tub 20, the coil 71 must be

stably fixed. To this end, as described above, the induc-
tion module 70 includes the base housing 74 in which
the coil 71 is mounted and fixed. Hereinafter, an embod-
iment of the induction module 70 including the base hous-
ing 74 will be described in more detail.
[0376] FIG. 12A shows the top surface of the base
housing 74, and FIG. 12B shows the bottom surface of
the base housing 74. FIG. 12 shows an example of the
coil shown in FIG. 7.
[0377] FIG. 13 shows the coupling of the base housing
74 and the module cover 72 and the mounting of the
induction module 70 on the tub 20.
[0378] As shown in FIG. 12A, the base housing 74 is
configured to accommodate the coil by defining a coil slot
742 in which the wire of the coil is received. The coil slot
742, may has a width that is less than the diameter of
the wire 76, so that the wire 76 of the coil 71 is interfer-
ence-fitted into the coil slot. The width of the coil slot 742
may be set to 93% to 97% of the diameter of the wire 76.
[0379] In the state in which the wire 76 is interference-
fitted into the coil slot 742, even when the tub 20 vibrates,
the wire 76 is fixed in the coil slot 742, and the coil 71 is
therefore prevented from undesirably moving.
[0380] In this manner, the coil 71 is not separated from
the coil slot 742, and undesirable movement thereof is
suppressed. Therefore, it is possible to prevent the oc-
currence of noise attributable to a gap. Further, contact
between adjacent portions of the wire is prevented, there-
by preventing a short circuit and an increase in resistance
attributable to deformation of the wire.
[0381] Further, the coil slot 742 may be formed by a
plurality of fixing ribs 7421, which protrude upwards from
the base housing 74. The height of the fixing ribs 7421
may be greater than the diameter of the coil 71. The base
housing may comprise the fixing rib 7421 that protrudes
upwards from the base housing and that defines the coil
slot. The fixing rib is formed such that an upper end there-
of is close contact with the cover. The fixing rib may has
a height that is greater than a height of the wire. In a state
in which the coil is accommodated in the base housing
so that the wire of the coil is received in the coil slot of
the base housing, an upper end of the fixing rib is con-
figured to protrude inwards towards the wire and at least
partially cover an upper portion of the wire.
[0382] The reason for this is to allow both sides of the
coil 71 to be brought into close contact with the inner
walls of the fixing ribs 7421 and to be securely supported
by the same. This configuration is related to a process
of melting or bending the upper ends of the fixing ribs
7421, which will be described later.
[0383] Through the above-described configuration,
since adjacent portions of the wire 76 are spaced apart
from each other by the fixing ribs 7421, a short circuit
can be prevented, and the wire 76 does not need to be
coated with a separate insulation film. Even if the wire
76 is coated with an insulation film, the thickness of the
insulation film can be minimized. Accordingly, manufac-
turing costs can be reduced.
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[0384] After the wire 76 is inserted into the coil slot, the
upper ends of the fixing ribs 7421 may be melted in order
to cover the upper portion of the coil 71. That is, the upper
ends of the fixing ribs 7421 may be subjected to a melting
process.
[0385] In this connection, the height of the fixing ribs
7421 may be set to 1 to 1.5 times the diameter of the
wire 76 so as to cover the upper portion of the coil 71.
[0386] Specifically, after the wire is interference-fitted
into the coil slot 742 as shown in FIG. 12A (a’), the upper
surfaces of the fixing ribs 7421 may be pressed and melt-
ed. Subsequently, as shown in FIG. 12A (a"), the melted
upper surfaces of the fixing ribs 7421 may be expanded
to both sides so as to cover the upper portions of the wire
76 that are located at both sides of each of the fixing ribs
7421. In this connection, the fixing ribs 7421, which are
adjacent to each other with the wire 76 interposed ther-
ebetween, may be melted so that the upper portion of
the wire 76 is completely shielded in the coil slot 742, or
may be melted so that a gap, which is less than the di-
ameter of the wire 76, is formed above the wire 76.
[0387] In another embodiment, the fixing ribs 7421 may
be melted to cover the upper portion of the wire 76 that
is located at one side of each of the fixing ribs 7421,
rather than the upper portions of the wire 76 that are
located at both sides of each of the fixing ribs 7421. In
this case, each of the fixing ribs 7421 may be melted so
that, of the two adjacent portions of the wire 76, only a
portion located at the inward position is covered, or only
a portion located at the outward position is covered.
[0388] The reason why the upper ends of the fixing ribs
7421 are melted in addition to the interference-fitting of
the coil 71 into the coil slot 742 is to physically block a
path through which the wire 76 may escape and to pre-
vent undesirable movement of the wire 76, thereby pre-
venting the occurrence of noise attributable to vibration
of the tub 20, eliminating gaps between parts, and con-
sequently improving the durability of the parts.
[0389] The coil slot 742 may include a base 741, which
is formed at the lower ends of the fixing ribs 7421 so that
the coil 71 fitted between the adjacent fixing ribs 7421
can be seated thereon.
[0390] As shown in FIG. 12A (a"), the base 741 shields
the bottom of the coil slot, and functions to press and fix
the coil 71 together with the upper ends of the fixing ribs
7421 to which the melting process has been applied.
[0391] However, a portion of the base 741 may be
open. This opening in the base 741 may be referred to
as a penetration portion or a through-hole 7411, and will
be described later.
[0392] Although the coil 71 has been described above
as being provided on the top surface of the base housing
74, the fixing ribs 76 may be formed so as to protrude
downwards from the base housing 74 so that the coil 71
is provided on the bottom surface of the base housing
74. In this case, even if an additional penetration portion
is not formed in the base 741, the space formed by melt-
ing the fixing ribs 7421 may serve as the penetration por-

tion.
[0393] FIG. 12B is a bottom view of the base housing
74. As shown in the drawing, the base housing 74 may
have therein a penetration portion 7411, which is formed
so as to penetrate the bottom surface and the top surface
of the base housing 74. The penetration portion 7411
may be open so that the coil 71 can face the outer cir-
cumferential surface of the tub 20 therethrough, and may
be formed according to the winding shape of the wire 76.
[0394] In the case in which the penetration portion
7411 is formed according to the winding shape of the
wire 76, the magnetic field is smoothly radiated from the
wire 76 in the direction toward the drum 30, so that heat-
ing efficiency can be increased. In addition, since air can
flow through the open surface, the overheated coil 71
can be rapidly cooled.
[0395] As shown in FIG. 12B, a reinforcing rib or base
support bar 7412 is formed on the bottom surface of the
base housing 74 so as to extend across the penetration
portion or the opening. The base housing 74 of the
present disclosure may further include the reinforcing ribs
or base support bars 7412. As least one base support
bar is formed at a bottom surface of the base housing so
as cross the at least one opening formed in the lower
portion of the coil slot.
[0396] The reinforcing ribs 7412 may extend radially
around fixing points 78, which are formed on both sides
of a center point A of the base housing 74, so as to en-
hance the contact force between the outer circumferen-
tial surface of the tub 20 and the base housing 74.
[0397] In the case in which base-coupling portions 743,
which are provided on both sides of the base housing
74, are fixed to tub-coupling portions 26 provided on the
outer circumferential surface of the tub, the outer circum-
ferential surface of the tub 20 is pressed by the reinforcing
ribs 7412. Therefore, the base housing 74 can be more
securely supported than when the entire bottom surface
of the base housing 74 contacts the outer circumferential
surface of the tub 20.
[0398] Accordingly, even when the tub 20 vibrates, the
base housing 74 is not easily moved or separated from
the outer circumferential surface of the tub 20.
[0399] Further, the base housing 74 may be formed so
as to be curved corresponding to the outer circumferen-
tial surface of the tub 20 in order to enhance the coupling
force between the base housing 74 and the outer circum-
ferential surface of the tub 20.
[0400] In order to correspond to the above-described
characteristics of the curved portion 71c of the coil 71 in
which the inner coil portion and the outer coil portion have
the same radius of curvature as each other, the top sur-
face of the base housing 74, around which the wire 76
is wound, may be formed such that the curved portions
of the fixing ribs 7421 have the same radius of curvature
as each other.
[0401] The induction module 70 of the present disclo-
sure may further include a module cover 72, which is
coupled to the base housing 74 to cover the coil slot 742.
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[0402] The cover 72, as shown in FIG. 13, is coupled
to the top surface of the base housing 74, and serves to
prevent separation of the coil 71 and magnets 80. The
magnets 80 may be permanent magnets.
[0403] Specifically, the bottom surface of the cover 72
may be formed so as to come into close contact with the
upper end of the coil slot 742 or the upper end of the
fixing ribs formed in the base housing 74. Accordingly,
the cover 72 is directly coupled to the base housing 74,
and thus it can prevent undesirable movement, deforma-
tion and separation of the coil 71.
[0404] Further, as shown in FIG. 14A, the cover 72
may be provided with a plurality of press-contacting ribs
79, which protrude downwards from the bottom surface
of the cover 72 so as to come into close contact with the
upper end of the coil slot 742.
[0405] When the bottom surfaces of the press-contact-
ing ribs 79 closely contact the coil slot 742, a larger
amount of pressure can be applied to a small area than
when the entire bottom surface of the cover 72 closely
contacts the upper end of the coil slot 742. The press-
contacting ribs 79 in this embodiment may be considered
the same components as the coil-fixing portions 73 in the
above-described embodiment.
[0406] Accordingly, the cover 72 can be more securely
fixed on the outer surface of the tub 20, and thus it is
possible to prevent noise or unexpected disengagement
of parts attributable to gaps between the parts even when
the tub 20 vibrates.
[0407] The press-contacting ribs 79 may be formed in
the longitudinal direction of the coil 71. Alternatively, the
press-contacting ribs 79 may be formed perpendicular
to the longitudinal direction of the coil 71. Therefore, it is
possible to securely fix the entire coil without pressing
the entire coil.
[0408] In this connection, a spacing interval is required
between the cover 72 and the coil 71. The reason for this
is that it is desirable for air to flow for heat dissipation.
The press-contacting ribs 79 block a portion of the spac-
ing interval. Therefore, the press-contacting ribs form an
air flow path as well as fix the coil.
[0409] In one example, it is desirable that the press-
contacting ribs 79 be integrally formed with the cover 72.
Therefore, the cover 72 is coupled to the base housing
74, and the press-contacting ribs 79 press the coil 71
simultaneously therewith. Therefore, a separate member
or process of pressing the coil 71 is not necessary.
[0410] The permanent magnets 80 for focusing the
magnetic field in the direction toward the drum may be
interposed between the base housing 74 and the cover
72. The cover 72 may be provided with permanent-mag-
net-mounted portions 81, into which the permanent mag-
nets 80 can be inserted and mounted. Therefore, when
the cover 72 is coupled to the base housing 74 in the
state in which the permanent magnets 80 are fixed to the
cover 72, the permanent magnets can be fixed to the
upper portion of the coil 71.
[0411] In order to efficiently focus the magnetic field in

the direction toward the drum 30, the permanent magnets
80 may be disposed at specific positions on the top sur-
face of the coil 71. If the permanent magnets 80 are
moved by vibration of the tub 20, not only may noise
occur, but heating efficiency may also be lowered.
[0412] The permanent magnets 80 can be fixed to the
positions where the permanent magnets 80 are initially
disposed between the base housing 74 and the cover 72
by the permanent-magnet-mounted portions 81, and
thus deterioration in heating efficiency can be prevented.
[0413] More specifically, each of the permanent-mag-
net-mounted portions 81 includes both side walls, which
protrude downwards from the bottom surface of the cover
72 so as to face each other, and a lower opening 82,
through which the bottom surface of the permanent mag-
net 80 mounted in the corresponding permanent-mag-
net-mounted portion 81 can face one surface of the coil
71.
[0414] In this case, the lateral movement of the per-
manent magnet 80 may be suppressed by both side walls
of the permanent-magnet-mounted portion 81, and the
lower opening 82 may allow the permanent magnet 80
to more closely approach to the top surface of the coil 71.
[0415] The closer the permanent magnet 80 is to the
coil 71, the more intensively the magnetic field is guided
toward the drum 30, and as a result, stable and uniform
heating of the drum 30 is achieved.
[0416] The permanent-magnet-mounted portion 80
may further include an inner wall 81b, which protrudes
downwards from the bottom surface of the cover 72 so
as to be connected with the ends of the both side walls,
an open surface, which is formed opposite the inner wall,
and a latching portion 81a, which is formed near the open
surface in order to prevent the permanent magnet 80
from being separated from the cover 72.
[0417] The movement in the forward-and-backward di-
rection of the permanent magnet 80 can be suppressed
by the inner wall 81b and the latching portion 81a. There-
fore, as described above, stable and uniform heating of
the drum 30 can be achieved. In addition, in the case in
which the temperature of the permanent magnet 80 is
increased by the overheated coil 71, it is also possible
to dissipate heat through the open surface.
[0418] The base housing 74 may further include a per-
manent magnet pressing portion 81c, which protrudes
upwards into the space defined by the lower opening 82
in order to press the bottom surface of the permanent
magnet 80. The permanent magnet pressing portion 81c
may be implemented by a plate spring or a projection
made of a rubber material.
[0419] When the vibration of the tub 20 is transferred
to the permanent magnet 80, noise may be generated
from the permanent magnet 80 due to a gap, which may
be formed between the coil slot 742 and the permanent-
magnet-mounted portion 81.
[0420] The permanent magnet pressing portion 81c
prevents the occurrence of noise by alleviating vibration,
and prevents the formation of a gap, thereby preventing
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damage to the permanent magnet 80 and the permanent-
magnet-mounted portion 81 attributable to vibration.
[0421] In order to enhance the coupling force and to
stably heat the drum 30, the lower end of the permanent-
magnet-mounted portion 81 may be formed so as to
closely contact the upper end of the coil slot 742.
[0422] In this case, since the bottom surface of the per-
manent magnet 80 is located relatively close to the coil
71 as described above, the drum 30 can be more evenly
heated. Further, the bottom surface of the permanent
magnet 80 also functions as the press-contacting rib 79,
and thus enhances the coupling force between the cover
72 and the base housing 74.
[0423] In addition, in the case in which the base hous-
ing 74 is formed so as to be curved corresponding to the
outer circumferential surface of the tub 20, the cover 72
may also be formed so as to be curved with the same
curvature as the base housing 74.
[0424] In another embodiment of the present disclo-
sure, the permanent-magnet-mounted portion 81 may be
provided at the base housing 74.
[0425] The base housing 74 may be formed such that
the permanent-magnet-mounted portion 81 is provided
on the fixing ribs 7421. In this connection, the permanent
magnet pressing portion 81c may be provided at the bot-
tom surface of the cover 72.
[0426] FIG. 13 shows the coupling structure of the tub
20, the base housing 74 and the cover 72. As shown in
the drawing, the tub 20 includes the tub-coupling portions
26, the base housing 74 includes the base-coupling por-
tions 743, and the cover 72 includes the cover-coupling
portions 72b.
[0427] The tub-coupling portions 26 have therein tub-
coupling holes, the base-coupling portions 743 have
therein base-coupling holes, and the cover-coupling por-
tions 72b have therein cover-coupling holes. The above
coupling holes may be formed to have the same diameter
as each other. Accordingly, the tub 20, the base housing
74 and the cover 72 may be coupled to each other using
one type of screw.
[0428] As a result, the assembly process may be sim-
plified, and manufacturing costs may be reduced.
[0429] In addition, in the case in which the both end
portions B1 and B2 of the coil are disposed near the front
and rear portions of the tub 20, the tub-coupling portion
26, the base-coupling portion 743 and the cover-coupling
portion 72b may be formed such that the above coupling
holes are located at both sides of the coil 71 in order to
secure the mounting space.
[0430] In addition, the cover 72 may further include
cover-mounting ribs 72a, which protrude downwards
from both side edges thereof, so that the cover 72 can
be easily mounted in place in the base housing 74 and
so that the lateral movement of the cover 72 can be pre-
vented.
[0431] In one example, the cover 72 may be provided
with a fan-mounted portion 72d. The fan-mounted portion
72d may be formed at the center of the cover 72.

[0432] Air may be introduced into the cover 72, i.e. into
the induction module, through the fan-mounted portion.
Since a space is formed between the cover 72 and the
base housing 74 inside the induction module, an air flow
path is formed. The base housing has therein the pene-
tration portion or the opening. Thus, the air may cool the
coil 71 in the inner space, and may be discharged outside
the induction module through the penetration portion or
the opening in the base housing.
[0433] In the embodiment of the present disclosure,
although the induction module 70 has been described
above as being provided on the outer circumferential sur-
face of the tub 20, the induction module 70 may alterna-
tively be provided on the inner circumferential surface of
the tub 20, or may form the same circumferential surface
together with the outer wall of the tub 20.
[0434] In this connection, it is desirable that the induc-
tion module 70 be located as close to the outer circum-
ferential surface of the drum 30 as possible. That is, the
magnetic field generated by the induction module 70 is
significantly reduced as the distance from the coil in-
creases.
[0435] Hereinafter, embodiments of the structure for
reducing the distance between the induction module 70
and the drum will be described. The features of these
embodiments may be realized in combination with the
above-described embodiments.
[0436] A module-mounted portion 210, which is locat-
ed on the outer circumferential surface of the tub 20 and
on which the induction module 70 is mounted, may be
formed further radially inwards than the outer circumfer-
ential surface of the tub 20 having a reference radius. In
an embodiment, the module-mounted portion 210 may
form a surface that is depressed from the outer circum-
ferential surface of the tub.
[0437] As described above, if the distance between the
module-mounted portion 210 and the drum 30 is reduced,
the heating efficiency of the induction module 70 can be
increased. In the case in which a constant alternating
current flows through the induction module 70, the
change in intensity of the alternating current magnetic
field generated by the coil 71 is constant. However, the
change in intensity of the alternating current magnetic
field is significantly reduced as the distance increases.
Accordingly, if the distance between the module-mount-
ed portion 210 and the drum 30 is reduced, the intensity
of the induced magnetic field generated by the alternating
current magnetic field is increased, and a strong induced
current may flow through the drum 30, thereby increasing
induction heating efficiency.
[0438] In the case in which the laundry treatment ap-
paratus is a drum washing machine, it is desirable that
the module-mounted portion 210 be located at the upper
portion of the tub 20. The module-mounted portion 210
may be in close contact with and fixed to the tub 20 in
consideration of the weight of the induction module 70.
Further, because the drum 30 is inclined downwards by
the weight thereof according to the rotation structure
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thereof, when the module-mounted portion is located at
the upper portion of the tub 20, collision with the drum
30 may be minimized. However, in the case in which the
laundry treatment apparatus is a top-loading-type wash-
ing machine, the position of the module-mounted portion
does not need to be limited to the upper or lower portion.
[0439] The portion of the inner circumferential surface
of the tub 20 that faces the module-mounted portion 210
may be formed further radially inwards than the inner
circumferential surface of the tub having the reference
radius. That is, in the case in which a portion of the outer
circumferential surface of the tub 20 is depressed in the
inward direction, the thickness between the inner circum-
ferential surface and the outer circumferential surface of
the tub 20 at the depressed portion may be decreased.
In other words, at least part of the at least one mounted
portion is arranged radially closer to a rotation axis of the
drum than a remaining portion of the outer surface of the
tub. The at least one mounted portion is located at an
upper portion of the tub.
[0440] In this case, since the strength of the depressed
portion may be decreased, the portion of the inner cir-
cumferential surface of the tub 20 that faces the module-
mounted portion 210 is formed further radially inwards
than the inner circumferential surface of the tub having
the reference radius so that the thickness between the
inner circumferential surface and the outer circumferen-
tial surface of the tub can be maintained constant. How-
ever, it is desirable that a portion of the inner circumfer-
ential surface of the tub 20, which faces the module-
mounted portion 210, be provided radially outside the
outer circumferential surface of the rotating drum 30.
[0441] In other words, the thickness of the circumfer-
ential surface of the tub corresponding to the module-
mounted portion 210 may be made smaller than the thick-
ness of other portions of the tub. However, it is desirable
to maintain a substantially constant thickness. Therefore,
the inner circumferential surface and the outer circum-
ferential surface of the tub at the portion corresponding
to the module-mounted portion 210 are located further
radially inwards than the inner circumferential surface
and the outer circumferential surface of the tub at other
portions. That is, the portion of the tub that corresponds
to the module-mounted portion 210 may be formed in a
depressed shape. In one example, the module-mounted
portion 210 may have an entirely depressed shape or a
partially depressed shape. More specifically, only a por-
tion of the module-mounted portion 210 that faces the
coil may be formed in a depressed shape. Similarly, a
portion of an inner surface of the tub that corresponds to
a location of the at least one mounted portion is arranged
radially closer to the rotational axis of the drum than a
remaining portion of the inner surface of the tub.
[0442] The module-mounted portion 210 may be
formed so as to extend from the front side to the rear side
of the tub. However, in the case in which the module-
mounted portion has a length shorter than the length in
the forward-and-backward direction of the tub, it may be

located at the center of the length in the forward-and-
backward direction of the tub. When the induction module
is located at the center portion, heat can be evenly gen-
erated in the drum.
[0443] Hereinafter, an embodiment of the module-
mounted portion 210, on which the induction module 70
is mounted, will be described with reference to FIGs. 15
and 16. In addition, the structure for mounting the induc-
tion module 70 to the module-mounted portion 210 will
be described.
[0444] In order to be formed further radially inwards
than the outer circumferential surface of the tub 20 having
the reference radius, the module-mounted portion 210
may include a straight region 211 in the cross-section
thereof that is perpendicular to the rotational axis of the
drum 30. For example, each of the cylindrical-shaped tub
20 and the cylindrical-shaped drum 30 has a circular-
shaped cross-section (the section A-A’ in FIG. 15). The
circular-shaped cross-section of the tub has substantially
the same radius throughout the circumference thereof.
The circular-shaped cross-section of the drum also has
substantially the same radius throughout the circumfer-
ence thereof. Therefore, the straight region 211 may be
formed in a portion of the circular-shaped cross-section
of the tub. Thus, the straight region may be regarded as
a portion corresponding to a zero gradient in the mold
for forming the tub. This straight region or zero gradient
may be formed in order to further reduce the distance
between the coil and the drum. In other words, an outer
surface of at least one region of the at least one mounted
portion is flat. At least one region of the at least one
mounted portion has a rectangular-shape.
[0445] Generally, the drum 30 may be formed in a cy-
lindrical shape in order to secure the maximum accom-
modation space while requiring the minimum volume
when rotating. In this connection, in the case in which
the tub 20 also has a cylindrical shape, the interval be-
tween the outer circumferential surface of the tub 20 and
the drum 30 is constant.
[0446] However, the module-mounted portion 210 in-
cludes the straight region 211, and the distance between
the straight region 211 and the center of the tub may be
set to be less than the radius of the tub. In one example,
the distance between the straight region and the center
of the tub may vary within a range smaller than the interval
between the outer circumferential surface of the tub 20
having the reference radius and the drum 30. The straight
region may be said as a flat region.
[0447] The module-mounting region 210 may include
a rectangular-shaped surface, and the straight region
211 may form a width in the circumferential direction of
the rectangular-shaped surface. However, the shape of
the module-mounted portion 210 is not limited to a rec-
tangular shape. Depending on the circumstances, the
shape of the module-mounted portion 210 may include
a circular shape, a diamond shape, an oblique rectangu-
lar shape, and the like.
[0448] In the case in which the module-mounted por-
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tion 210 forms a rectangular-shaped surface, the manu-
facture of the induction module 70 and the installation
thereof on the module-mounted portion may be facilitat-
ed.
[0449] In this connection, the rectangular-shaped sur-
face may be formed such that the width in the axial di-
rection thereof is greater than the width in the circumfer-
ential direction thereof. The width in the circumferential
direction of the rectangular-shaped surface is inevitably
limited in consideration of the distance from the drum 30.
Therefore, it is desirable to increase the area on which
the induction module 70 can be mounted by increasing
the width in the axial direction.
[0450] The straight region of the module-mounted por-
tion 210, i.e. the straight region formed in the circumfer-
ential direction of the tub, may include connection regions
212 for connecting both ends of the straight region to the
circumferential surface of the tub 20. In this connection,
the connection regions 212 may be formed in a curved
or straight shape. In this case, the connection regions
212 may also be formed further radially inwards than the
outer circumferential surface of the tub 20 having the
reference radius in order to reduce the distance from the
outer circumferential surface of the drum 30.
[0451] The length of the straight region 211 may be
limited in consideration of the distance from the drum 30,
and the width in the circumferential direction of the in-
duction module 70 may exceed the straight region 211.
[0452] Due to the connection regions 212 formed at
the both ends of the straight region 211 so as to be con-
nected with the circumferential surface of the tub 20, the
area of the module-mounted portion 210 can be in-
creased, and the distance from the drum 30 can be re-
duced.
[0453] The coil 71 of the induction module 70 may be
mounted parallel to the module-mounted portion 210 in
order to minimize the distance from the drum 30. Specif-
ically, the induction module 70 may include a coil 71,
which receives electric energy to form a magnetic field,
and the coil 71 may be arranged so as to be wound at
least once while being spaced apart from the module-
mounted portion 210. Thus, the distance between the
coil 71, which forms the magnetic field, and the drum 30,
through which induced current flows, may be reduced.
[0454] The induction module 70 may be located at the
center of the straight region 211. Specifically, the center
portion of the coil 71 of the induction module 70 may be
located in a virtual plane, which includes the rotational
axis of the drum 30 and is perpendicular to the straight
region 211.
[0455] That is, the coil 71 of the induction module 70
is provided on the module-mounted portion 210 such that
the center portion thereof is the closest to the drum 30
and such that the distance from the drum 30 is gradually
increased from the center portion to both ends thereof.
[0456] Specifically, the distance from the center of the
straight region 211 to the drum 30 is minimized, and the
distance from the drums 30 is gradually increased from

the center of the straight region 211 to both sides thereof.
In this case, the magnetic field generated by the coil 71
wound in the circumferential direction of the tub 20 gen-
erates a strong induced current in the drum 30.
[0457] When the entire module-mounted portion 210
has the same curved shape as the tub, the distance be-
tween the coil and the drum is constant, e.g. about 30
mm, in the circumferential direction. For example, the
connection regions 212 shown in FIG. 16 are curved re-
gions that have the same curved shape as the tub. There-
fore, the distance between the coil and the outer circum-
ferential surface of the drum in the curved regions is con-
stant, e.g. about 30 mm.
[0458] However, in the straight region 211, the dis-
tance between the coil and the outer circumferential sur-
face of the drum may vary in the range from about 24 to
30 mm. For example, the distance between the coil and
the outer circumferential surface of the drum at the center
of the straight region may be about 24 mm, and the dis-
tance at both ends of the straight region may be about
28 mm. Therefore, the distance from the outer circum-
ferential surface of the drum is substantially reduced in
a large portion of the entire area of the coil.
[0459] The straight region 211 in the above embodi-
ment may be formed at the center of the module-mounted
portion 210. Therefore, it is possible to further concen-
trate the coil at the portion corresponding to the straight
region 211.
[0460] Hereinafter, an embodiment of the module-
mounted portion 210, on which the induction module 70
is mounted, will be described with reference to FIGs. 17
and 18. In addition, the structure of mounting the induc-
tion module 70 to the module-mounted portion 210 will
be described.
[0461] In order to be formed further radially inwards
than the outer circumferential surface of the tub 20 having
the reference radius, the module-mounted portion 210
may include a first straight region 211a and a second
straight region 211b in the cross-section thereof that is
perpendicular to the rotational axis of the drum 30. In this
connection, the first straight region and the second
straight region may be located at positions further radially
inward than the reference radius of the tub. In this con-
nection, the first straight region and the second straight
region may be considered zero gradients.
[0462] In this connection, the first straight region 211a
and the second straight region 211b may be connected
to each other via a connection region 212. The connec-
tion region 212 may be formed in a curved or straight
shape.
[0463] Each of the first straight region 211a and the
second straight region 211b may form a width in the cir-
cumferential direction of a rectangular-shaped surface
included in the module-mounted portion 210. In this con-
nection, the rectangular-shaped surface is formed to fa-
cilitate the formation and the installation of the induction
module 70, and is not limited to the rectangular shape.
[0464] That is, the module-mounted portion 210 may
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be formed such that at least two rectangular-shaped sur-
faces are connected to each other. In other words, two
straight regions located at both sides may be connected
to each other via a curved region located at a center
portion. The module-mounted portion 210 may be formed
by combining the straight regions and the curved region.
[0465] The straight region 211 cannot be formed over
a predetermined length in consideration of the interval
between the drum 30 and the tub 20. Therefore, the mod-
ule-mounted portion 210, which includes the first straight
region 211a and the second straight region 211b, can
form a large area in the circumferential direction without
being in contact with the drum 30.
[0466] In one example, both ends of the straight region
211 or one end of the straight region 211 may be provided
outside the reference radius of the tub. In this case, the
region provided outside the reference radius of the tub
may be considered a region extending in the radial di-
rection of the tub. However, this extending region may
be only a portion for mounting the induction module on
the base housing 74. That is, the coil may not be located
in the extending region. This is because the coil 71 is
located inside the base housing 74 so that the edges of
the base housing 74 surround the coil 71. In other words,
a spacing interval is provided between the coil 71 and
the outermost edge of the base housing 74, and the spac-
ing interval may be opposite the extending region.
[0467] The length of the first straight region 211a and
the length of the second straight region 211b may be
equal to each other. The length of the straight region 211
means the distance from the drum 30. When the length
is short, the distance from the drum 30 is long. Thus, it
is desirable that the first straight region and the second
straight region be formed symmetrical to each other.
Through this configuration, it is possible to easily from
the induction module and to securely fix the induction
module to the module-mounted portion.
[0468] The induction module 70 may be provided over
the first straight region 211a and the second straight re-
gion 211b of the module-mounted portion 210. Specifi-
cally, both ends in the circumferential direction of the in-
duction module 70 are located at the centers of the first
straight region 211a and the second straight region 211b,
and the center of the induction module 70 is located in
the region to which the first straight region 211a and the
second straight region 211b are connected.
[0469] In this connection, the coil 71 of the induction
module 70 may be formed so as to be wound at least
once between the front side of the tub 20 and the rear
side thereof around the connection region 212. In this
connection, in the case in which the coil 71 is wound
parallel to the module-mounted portion 71, the induction
module may be located closest to the drum 30 at both
ends in the circumferential direction of the tub, and the
distance from the drum 30 may be gradually increased
from the both ends in the circumferential direction of the
tub to the center portion thereof.
[0470] In this case, the magnetic field generated by the

coil 71 wound in the axial direction of the tub 20 generates
a strong induced current in the drum 30.
[0471] When the entire module-mounted portion 210
has the same curved shape as the tub, the distance be-
tween the coil and the drum is constant, e.g. about 30
mm, in the circumferential direction. For example, the
connection region 212 shown in FIG. 18 is a curved re-
gion that has the same curved shape as the tub. There-
fore, the distance between the coil and the outer circum-
ferential surface of the drum in the curved region is con-
stant, e.g. about 30 mm.
[0472] However, in the first straight region 211a, the
distance between the coil and the outer circumferential
surface of the drum may vary in the range from about 24
to 30 mm. For example, the distance between the coil
and the outer circumferential surface of the drum at the
center of the straight region may be about 24 mm, and
the distance at both ends of the straight region may be
about 26 mm. Therefore, the distance from the outer cir-
cumferential surface of the drum is substantially reduced
in a large portion of the entire area of the coil.
[0473] Therefore, in the above-described embodi-
ments, efficiency can be increased by reducing the dis-
tance between the coil and the outer circumferential sur-
face of the drum by forming the module-mounted portion
210 to have a straight region in the circumferential direc-
tion of the tub. In particular, the straight region may be
matched with the shape of the base housing forming the
coil. The module-mounted portion and the tub may be
more securely coupled to each other through the combi-
nation of the straight region and the curved region.
[0474] In the above-described embodiments, it has
been described that it is desirable for the coil to have a
hollow center portion. In particular, referring to FIG. 12,
the center portion of the coil is hollow in a track shape.
Such a hollow portion may correspond to the curved re-
gion, i.e. the connection region 212, in FIG 18. Therefore,
the portion where the coil is formed may substantially
correspond to the straight region. Therefore, it is more
desirable to form straight regions at the left and right por-
tions of the module-mounted portion 210 and to form a
curved region between the straight regions, i.e. at the
lateral center of the module-mounted portion.
[0475] Hereinafter, the structure of the induction mod-
ule 70, particularly the structure and position of the cou-
pling portions 743 of the base housing 74 will be de-
scribed in detail with reference to FIG. 19.
[0476] As described above, the induction module 70
may be formed long in the axial direction of the drum 30.
The length of the straight region 211 of the module-
mounted portion 210, on which the induction module 70
is mounted, is limited, and thus it is desirable for the in-
duction module to evenly heat the drum 30 with a mini-
mum area in consideration of the rotating direction of the
drum 30.
[0477] In this connection, the length in the axial direc-
tion of the coil 71 may be shorter than the length of the
drum 30, which can be heated, by about 20 to 40 mm.
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Specifically, the coil 71 may be formed so as to be spaced
apart from the front and rear sides of the drum, which
can be heated, by about 10 to 20 mm.
[0478] The base housing 74 may be coupled to the
outer circumferential surface of the tub 20 or the module-
mounted portion 210 through the coupling portions 743,
which protrude from both ends in the circumferential di-
rection thereof and extend in the circumferential direc-
tion. In this connection, the coupling portions 743 may
be provided at both ends in the circumferential direction
of the front and rear sides of the base housing 74.
[0479] In the above-described embodiment, the cou-
pling portions 743 are located at the front portion and the
rear portion of the base housing 74. This arrangement
position of the coupling portions 743 may effectively pre-
vent the base housing 74 from moving in the forward-
and-backward direction of the tub. However, in this case,
it is not possible to effectively prevent the base housing
74 from moving in the circumferential direction of the tub.
[0480] For this reason, this embodiment proposes an
example in which the coupling portions 743 protrude from
both lateral sides of the base housing in the circumfer-
ential direction. That is, according to this example, the
length of the base housing 74 surrounding the outer cir-
cumferential surface of the tub is further increased by the
coupling portions 743. As described above, the base
housing 74 and the module-mounted portion 210 may be
formed through the combination of the straight region
and the curved region on the outer circumferential sur-
face of the tub in the circumferential direction. Therefore,
the base housing 74 may be more securely coupled and
fixed to the tub merely by extending the coupling portions
743 without extending the base of the base housing 74
in the circumferential direction. In other words, it is pos-
sible to more securely couple and fix the base housing
by forming the coupling portions at the front end and the
rear end of both sides of the base housing, rather than
forming the coupling portions at both ends of the front
and rear portions of the housing.
[0481] Further, due to this arrangement position of the
coupling portions, the base housing 74 may be formed
as long as possible in the axial direction while securing
a space in the base housing 74 for accommodating the
coil 71 therein. In addition, the distance between the base
housing 74 and the drum 30 may be minimized by bring-
ing the base housing 74 into close contact with the cy-
lindrical-shaped tub 20.
[0482] Further, the coupling portions 743 may corre-
spond to the straight region of the module-mounted por-
tion 210. That is, the coupling portions and the module-
mounted portion may be formed such that the horizontal
surfaces thereof are in contact with each other. That is,
the module-mounted portion may further include straight
regions corresponding to the coupling portions 743 of the
base housing, or the existing straight region of the mod-
ule-mounted portion may be further extended. Through
this configuration, the base housing may be more stably
mounted on the module-mounted portion, which is a part

of the outer circumferential surface of the tub.
[0483] Hereinafter, the structures of a tub connector
25 of the tub 20 and the base housing 74 will be described
with reference to FIG. 20A.
[0484] In accordance with manufacturing convenience
and respective functions, the tub 20 includes a front tub
22, which surrounds the front portion of the drum 30, a
rear tub 21, which surrounds the rear portion of the drum
30, and a tub connector 25, which connects the front tub
22 and the rear tub 21 to each other and is formed in the
circumferential direction of the tub 20. The induction mod-
ule 70 may be provided over the front tub 22 and the rear
tub 21. The tub connector 25 may be located at the ap-
proximate center in the forward-and-backward direction
of the tub 20.
[0485] The tub connector 25 may be a portion that pro-
trudes from the outer circumferential surfaces of the front
tub 22 and the rear tub 21 to the greatest extent in the
radial direction. In other words, since the tub connector
25 is a portion to which the front tub 22 and the rear tub
21 are coupled, it may be extended radially outwards to
increase the coupling area. The tub connector 25 may
be formed over the entire outer circumferential surface
of the tub in the circumferential direction thereof.
[0486] Thus, when the induction module is mounted
on the outer circumferential surface of the tub, interfer-
ence between the induction module and the connecting
portion may occur. In order to avoid this interference, the
induction module must be provided radially outside the
connecting portion. Therefore, the interval between the
induction module and the drum is inevitably increased.
[0487] Therefore, it is necessary to reduce the distance
by which the induction module 70 is separated by the tub
connector 25 in order to increase the induction heating
efficiency.
[0488] The induction module 70 includes reinforcing
ribs 7412, which protrude downwards from the bottom
surface of the base housing 74 and compensate for the
gap between the outer circumferential surface of the tub
20 and the bottom surface of the base housing 74. The
reinforcing ribs may be formed in front of and behind the
tub connector 25 protruding from the outer circumferen-
tial surface of the tub. The protruding length of the tub
connector 25 and the protruding length of the reinforcing
ribs are set to be equal to each other. Accordingly, the
reinforcing ribs compensate for the gap between a por-
tion of the base housing 74, which is not in contact with
the tub connector 25, and the outer circumferential sur-
face of the tub 20. In this connection, the reinforcing ribs
may be formed in a portion of the base housing 74, which
is not in contact with the tub connector 25, in the radial
direction, thereby increasing the strength of the base
housing 74.
[0489] In other words, the tub connector 25 may be
formed so as to come into contact with the bottom surface
of the base 741 of the base housing 74. That is, the tub
connector 25 may perform the same function as the re-
inforcing ribs 7412. Therefore, the base housing 74 may
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also be more securely coupled to the tub 20 through the
tub connector 25.
[0490] The tub connector 25 may include a first cou-
pling rib 211 and a second coupling rib 221. That is, the
first coupling rib 211 and the second coupling rib 221
may be joined to each other to form the tub connector
25. The first coupling rib 211 may be formed at the front
tub 22, and the second coupling rib 221 may be formed
at the rear tub 21. In one example, the opposite is also
possible. The tub connector 25 will be described based
on an example in which the first coupling rib 211 is formed
at the rear tub 21 and the second coupling rib 221 is
formed at the front tub 22 for convenience of explanation.
[0491] A portion of the tub connector 25 is located un-
der the induction module 70. That is, a portion of the
connecting portion formed in the circumferential direction
of the tub, which corresponds to a certain angle, is located
under the induction module. This portion is also referred
to as the module-mounted portion.
[0492] The first coupling rib 211 may protrude radially
outwards from a portion near the distal end (the front end)
of the rear tub 21, and may then be bent to form an in-
sertion groove. The second coupling rib 221 may be
formed so as to protrude radially outwards from a portion
near the distal end (the rear end) of the front tub.
[0493] The first coupling rib 211 forms an insertion
groove together with the distal end of the rear tub 21.
The distal end of the front tub 22 may be inserted into
the insertion groove. A sealing member such as a rubber
packing may be inserted into the insertion groove. There-
fore, when the distal end of the front tub 22 is inserted
into the insertion groove, the sealing member may be
compressed, and may perform a sealing function.
[0494] As shown in FIG. 20A, the distal end of the first
coupling rib 211 may be bent radially outwards. The sec-
ond coupling rib 221 may protrude radially outwards so
as to come into contact with the first coupling rib 211.
The coupling area in the tub connector 25 may be in-
creased due to the shapes of the first coupling rib 211
and the second coupling rib 221. That is, the coupling
area may be increased by the radially-extending portion.
However, in this case, the protruding length of the con-
necting portion is inevitably increased. Thus, the distance
between the coil 71 and the drum 20 is also increased.
[0495] Therefore, the base housing 74 may be provid-
ed therein with a penetration portion 7411, into which the
tub connector 25 is inserted. The base housing 74 is fixed
by inserting the tub connector 25 into the penetration
portion 7411. Thus, the coil may become closer to the
outer circumferential surface of the tub. That is, the coil
is substantially brought into contact with the radially outer
surface of the connecting portion, with the result that the
gap between the coil and the outer circumferential sur-
face of the tub may be minimized.
[0496] In this case, the base of the base housing may
be omitted from the penetration portion, and only the coil
slot may be formed therein. Therefore, the coil may also
be provided in the penetration portion, and may be

brought into contact with the radially outer surface of the
connecting portion. To this end, the radially outer surface
of the first coupling rib 211 and the radially outer surface
of the second coupling rib 221 may be formed to have
the same radius as each other.
[0497] The radially outer surface of the first coupling
rib 211 and the radially outer surface of the second cou-
pling rib 221 may have the same radius as each other.
The radially-extending portion of the connecting portion
in the above-described embodiment may be omitted.
FIG. 20B shows an embodiment in which the protruding
height of the tub connector 25 is reduced. In this embod-
iment, the coupling area in the radial direction in the tub
connector 25 is reduced. This configuration may not be
formed in the entire circumferential direction of the tub,
but may be formed only in a portion of the connecting
portion that corresponds to the module-mounted portion.
The other portions of the connecting portion may be the
same as those of the connecting portion in FIG. 20A.
[0498] As described above, it is desirable that the in-
duction module be formed only in a portion of the outer
circumferential surface of the tub. That is, the length of
the circumference on which the induction module is
mounted is relatively short as compared with the whole
length of the circumference of the tub. Accordingly, the
radially-extending portion may be omitted from the tub
connector 25 that is located in the module-mounted por-
tion on which the induction module is mounted. There-
fore, the radially-extending portion may be omitted from
the tub connector 25 corresponding to this portion, and
only a portion in which the rubber packing can be inserted
may be provided therein.
[0499] The coupling force between the front tub 22 and
the rear tub 21 may be formed by a bolt or a screw. That
is, when the bolt or the screw is fastened in the tub con-
nector 25 in the forward-and-backward direction of the
tub, the front tub 22 and the rear tub 21 may be tightly
coupled to each other. The fastening position of the bolt
or the screw may be provided in a plural number in the
circumferential direction of the tub. As the fastening struc-
ture for the bolt or the screw, an extended tub connector
25a may be provided. FIG. 18 shows an example in which
a plurality of extended connecting portions 25a is formed
in the circumferential direction of the tub.
[0500] The fastening of the bolt or the screw may be
omitted from the tub connector 25 located at the module-
mounted portion, and the structure for such fastening
may also be omitted. This is because the tub connector
25 is further extended in the radial direction by the struc-
ture for the fastening. Therefore, it is desirable that the
configuration for generating the coupling force between
the front tub and the rear tub be omitted from the tub
connector 25 corresponding to the module-mounted por-
tion.
[0501] As shown in FIG. 18, the extended tub connec-
tor 25a is omitted from the module-mounted portion, and
the angle α between the extended connecting portions
25a, which are located on both sides of the module-
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mounted portion, is about 50 degrees. This is for avoiding
interference between the module-mounted portion and
the extended connecting portions 25a. Further, as de-
scribed above, this is for securing the straight region for
the installation of the module-mounted portion. Alterna-
tively, the angle between the extended connecting por-
tions, which are located on both sides of the module-
mounted portion, may be about 40 degrees, rather than
50 degrees.
[0502] However, it is not desirable to further increase
the angle between the extended connecting portions in
terms of coupling strength. Further, there is a limitation
in further extending the lateral width of the induction mod-
ule by the angle between the extended connecting por-
tions. Furthermore, the extension of the lateral width of
the induction module needs to be limited in terms of
mounting convenience and mounting stability of the in-
duction module and avoidance of interference with the
extended connecting portions.
[0503] In one example, in terms of the characteristics
of the tub containing wash water therein and the load
applied thereto, the coupling safety factor of the upper
portion of the tub is lower than that of the lower portion
of the tub. Therefore, considering the circumferential
width of the induction module and the circumferential
length of the tub and considering that the induction mod-
ule is located at the upper portion of the tub, the config-
uration of the tub connector 25 can sufficiently ensure
reliability.
[0504] In the same manner, in this embodiment, it is
also possible to form a penetration portion in the base
housing 74 and to insert the connecting portion into the
penetration portion. The distance between the induction
module and the drum in this embodiment may be shorter
than that in the above-described embodiment.
[0505] In the above-described embodiments, the dis-
tance between the coil and the outer circumferential sur-
face of the drum is significantly reduced due to the shape
of the module-mounted portion, the structure of the con-
necting portion located in the module-mounted portion,
and the connection structure between the base housing
and the module-mounted portion, thereby greatly en-
hancing efficiency.
[0506] In a laundry treatment apparatus according to
one embodiment of the present disclosure, the drum may
be heated to 120 degrees Celsius or higher within a very
short period of time by driving the induction module 70.
When the induction module 70 is driven while the drum
is stopped or is at a very slow rotational speed, a certain
portion of the drum may overheat very quickly. This is
because the heat transfer from the heated drum to the
laundry is not sufficient.
[0507] Therefore, it may be said that the correlation
between the rotational speed of the drum and the driving
of the induction module 70 is very important. Moreover,
rather than driving the induction module and then rotating
the drum, it may be more desirable to rotate the drum
and then drive the induction module.

[0508] A detailed embodiment for the control of the ro-
tational speed of the drum and the driving of the induction
module will be described later.
[0509] As illustrated in FIG. 1, the lifter 50 is mounted
on the longitudinal central portion of the drum 30 so as
to extend in the longitudinal direction. In addition, a plu-
rality of lifters 50 may be provided in the circumferential
direction of the drum 30. As illustrated, the position of the
lifter 50 is similar to the position at which the induction
module 70 is mounted. That is, a large portion of the lifter
50 may be positioned to face the induction module 70.
Thus, the outer peripheral surface of a portion the drum
30, in which the lifter 50 is provided, may be heated by
the induction module 70. The outer peripheral surface of
the portion of the drum 30, in which the lifter 50 is pro-
vided, is not in direct contact with the laundry inside the
drum 30. The heat generated in the outer peripheral sur-
face of the drum 30 is transferred to the lifter 50, rather
than being transferred to the laundry, because the lifter
50 comes into contact with the laundry. Therefore, over-
heating of the lifter 50 may occur, which is problematic.
Concretely, overheating of the drum circumferential sur-
face that is in contact with the lifter 50 may be problematic.
[0510] FIG. 21 illustrates a lifter 50 mounted on a gen-
eral drum 30. Only the drum center portion is illustrated,
and front and rear portions of the drum 30 are omitted.
This is because the lifter 50 may generally be mounted
only on the drum center.
[0511] A plurality of lifters 50 are mounted in the cir-
cumferential direction of the drum 30. In this connection,
three lifters 50 are mounted by way of example.
[0512] The circumferential surface of the drum 30 may
be composed of a lifter mounted portion 323 in which the
lifter 50 is mounted and a lifter exclusion portion 322 in
which no lifter is mounted. The cylindrical drum 30 may
be formed to have a seam portion 326 by rolling a metal
plate. The seam portion 326 may be a portion at which
both ends of the metal plate are connected to each other
through welding or the like.
[0513] Various embossing patterns may be formed on
the circumferential surface of the drum 30, and a plurality
of through-holes 324 and lifter communication holes 325
may be formed for the mounting of the lifters 50. That is,
various embossing patterns may be formed in the lifter
exclusion portion 22, and the plurality of through-holes
24 and lifter communication holes 25 may be formed in
the lifter mounted portion 23.
[0514] The lifter mounted portion 23 is a portion of the
circumferential surface of the drum 30. Thus, in general,
the lifter mounted portion 23 is formed with only a mini-
mum number of holes for the mounting of the lifters and
the passage of wash water. This is because, when a
greater number of holes are formed through penetration
or the like, manufacturing costs may unnecessarily in-
crease.
[0515] Accordingly, the plurality of through-holes 24
may be formed in the lifter mounted portion 23 along the
outer shape of the lifter 50 to be mounted, so that the
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lifter 50 may be coupled to the inner peripheral surface
of the drum 30 via the through-holes 324. In addition, the
plurality of lifter communication holes 325 may be formed
in the central portion of the lifter mounted portion 323 so
as to allow wash water to move from the outside of the
drum 30 to the inside of the lifter 50.
[0516] However, it is general that only the necessary
holes 324 and 325 are formed in the lifter mounted portion
323, and a large portion of the outer peripheral surface
of the drum 30 is maintained as it is. That is, the total
area of the holes 324 and 325 is smaller than the total
area of the lifter mounted portion 323. Thus, a large area
of the lifter mounted portion 323 excluding the area of
the holes may directly face the induction module 70, and
the lifter mounted portion 323 may be heated by the in-
duction module 70.
[0517] The lifter 50 is mounted in the lifter mounted
portion 23 so as to protrude inwards in the radial direction
of the drum 30. As such, the lifter mounted portion 23
does not contact with the laundry inside the drum 30, and
the lifter 50 comes into contact with the drum 30.
[0518] The lifter 50 may be generally formed of a plastic
material. Since the plastic lifter 50 comes into direct con-
tact with the lifter mounted portion 323, the heat gener-
ated in the lifter mounted portion 323 may be transferred
to the lifter 50. However, the lifter 50 formed of a plastic
material may transfer a very small amount of heat to the
laundry that comes into contact with the lifter 50. This is
because the plastic material of the lifter 50 has a very
low heat transfer characteristic. Therefore, only a portion
of the lifter 50 that is in contact with the lifter mounted
portion 323 is exposed to a high temperature, and the
heat is not transmitted to the entire lifter 50.
[0519] According to the results of experimentation per-
formed by the inventors of the present disclosure, it could
be found that the temperature at the lifter mounted portion
may rise to 160 degrees Celsius, while the temperature
at the portion in which no lifter is mounted may rise to
140 degrees Celsius. It may be considered that this is
because the heat generated in the lifter mounted portion
may not be transferred to the laundry.
[0520] Therefore, the lifter 50 may overheat, which
may cause damage to the lifter 50. In addition, since the
heat generated in the lifter mounted portion 323 may not
be transferred to the laundry, energy may be wasted and
heating efficiency may be lowered. The embodiments of
the present disclosure are devised to overcome these
problems.
[0521] FIG. 22 illustrates a drum and a lifter according
to an embodiment of the present disclosure. The manu-
facturing method or shape of the drum may be the same
as or similar to that of the general drum illustrated in FIG.
21. However, it is to be noted that a lifter mounted portion
323 may be different and that the material and shape of
the lifter may be changed.
[0522] As illustrated, a lifter exclusion portion 322 may
be the same as that of the general drum described above.
In the lifter mounted portion 323, unlike the lifter exclusion

portion 322, the circumferential surface of the drum may
be omitted or removed. That is, an area equivalent to the
area of the lifter may be omitted or removed from the
circumferential surface of the drum. An area larger than
the omission area due to the holes for the mounting of
the lifter or the passage of wash water described above
may be omitted.
[0523] Concretely, a recessed region 325 may be
formed in the central portion of the lifter mounted portion
323. The recessed region 325 may take the form of an
incision formed by cutting away a portion of the circum-
ferential surface of the drum, or may take the form of a
recess that is centrally recessed in a portion of the cir-
cumferential surface of the drum.
[0524] A plurality of through-holes 324 and 326 may
be formed in the lifter mounted portion 323 to correspond
to the shape of the lifter 50 to be mounted. The plurality
of through-holes 324 and 326 may be formed along the
outer rim (frame) of the lifter 50 so as to correspond to
the outer contour of the lifter 50. For example, when the
lifter is in the form of a track, the through-holes may be
formed along the outer rim of the track. In one example,
these through-holes may be formed in the form of drilled
holes in a portion of the circumferential surface of the
drum.
[0525] A portion of the circumferential surface of the
drum that corresponds to the central portion of the lifter
mounted portion 323 may be omitted. That is, the area
that faces the induction module 70 may be omitted. That
is, the portion surrounded by the through-holes 324 and
326 may be wholly cut away to form the recessed region
325 in the form of an incision.
[0526] The recessed region 325 is formed to corre-
spond to the inside of the lifter 50 and is surrounded by
the lifter 50. Thus, the recessed region in the form of an
incision is not visible inside the drum. The central portion
of the lifter 50 mounted in the lifter mounted portion 323
is visible from outside the drum.
[0527] With the lifter mounted portion 323, the circum-
ferential surface of the drum may substantially not face
the induction module 70 in a portion thereof in which the
lifter 50 is mounted. Thus, the amount of heat generated
in the lifter mounted portion 323 is very small. This means
that a common plastic lifter may be used. This is because
the amount of heat generated in the entire lifter mounted
portion 323 is very small, so that the lifter 50 may not be
overheated by heat transferred to the lifter 50.
[0528] However, when a general plastic lifter is used,
local heating may occur at a portion in which the lifter 50
and the lifter mounted portion 323 are coupled to each
other, which may cause damage to a local portion of the
lifter 50. In addition, although the amount of heat, gen-
erated when the lifter mounted portion 323 faces the in-
duction module, is minimal, the induction module is being
driven, and therefore, energy loss may occur because
most of the energy used is not converted into thermal
energy.
[0529] Therefore, it is necessary to seek a method to
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satisfy both the prevention of overheating of the lifter and
the minimization of energy loss occurring in the lifter
mounted portion.
[0530] A provider who provides the laundry treatment
apparatus may provide various types of laundry treat-
ment apparatus as well as a specific type of laundry treat-
ment apparatus. For example, the provider may provide
both a washing machine having no drying function and
a washing machine having a drying function. Therefore,
in the case of models having the same capacity, it is
economical to produce the same devices using common
components.
[0531] For example, in the case of a washing machine
and a washing and drying machine having the same ca-
pacity (washing capacity), it may be more economical for
a manufacturer to use the same drum and the same lifter
in common for various models. Using the existing drum
and lifter in a new model without modification may be
advantageous in terms of product competitiveness. This
is because, assuming mass production, changes in ex-
isting components may increase initial investment costs,
maintenance costs, and production costs.
[0532] Thus, it may be desirable to prevent overheating
of the lifter in a controlled manner, without altering the
structure or material of the drum or the lifter.
[0533] FIG. 22 is a simplified conceptual diagram of
components according to an embodiment of the present
disclosure.
[0534] As illustrated in FIG. 22, in the present embod-
iment, similarly, the drum 30 is heated via the induction
module 70. In addition, similarly, the lifter 50 is mounted
inside the drum 30. In addition, the induction module 70
may be mounted radially outside the drum 30, more spe-
cifically, on the outer peripheral surface of the tub 20, in
the same manner as or similarly to the above-described
embodiments.
[0535] The present embodiment has a feature in that
current applied to the induction module 70 or the output
of the induction module 70 may be varied when the ro-
tation angle of the drum 30 is known. Specifically, since
the drum 30 may be formed in a cylindrical shape, the
rotation angle of the drum 30 may be defined as ranging
from 0 degrees to 360 degrees about a specific point.
[0536] For example, the rotation angle of the drum at
point A at which a specific lifter is at the uppermost portion
may be defined as 0 degrees. Assuming that the drum
rotates in the counterclockwise direction and that three
lifters are equidistantly spaced apart from one another in
the circumferential direction of the drum, it may be said
that the lifters are located respectively at positions at
which the rotation angle of the drum is 0 degree, at which
the rotation angle of the drum is 120 degrees, and at
which the rotation angle of the drum is 240 degrees. Con-
sidering the transverse width of the lifter, it may be said
that the lifter is located in an angular range of approxi-
mately 2-10 degrees.
[0537] According to the present embodiment, it is pos-
sible to vary the amount of heating of the drum (herein-

after referred to as "drum heating amount") by the induc-
tion module 70 by grasping the position of the lifter 50
when the drum 30 rotates. That is, when the lifter 50 is
located so as to face the induction module 70, the drum
heating amount by the induction module may be reduced
or eliminated, and when the lifter 50 is moved so as not
to face the induction module 70, the drum heating amount
may be normal. Changing the drum heating amount in
this way may be realized by changing the output of the
induction module 70.
[0538] Therefore, energy efficiency may be improved
because the energy consumed in the induction module
70 is not consistent regardless of the rotation angle of
the drum 30. In addition, since the energy consumed in
the portion of the drum that corresponds to the lifter 50
may be significantly reduced, overheating in the lifter 50
may be remarkably reduced.
[0539] FIG. 22 illustrates magnets 80 that are equidis-
tantly provided in the circumferential direction of the drum
30, in the same manner as the lifters 50. The magnets
80a may be provided to effectively grasp the rotation an-
gle of the drum 30. Similarly to the lifters 50, the magnets
80a may be equidistantly disposed in the circumferential
direction. In addition, the magnets 80 may be provided
in the same number as the lifters 50. In one example, the
angle between the lifter 50 and the magnet 80a may be
consistent between the plurality of lifters 50 and the plu-
rality of magnets 80a.
[0540] Accordingly, when the position of a specific
magnet 80a is sensed, the position of the lifter 50 asso-
ciated with the specific magnet 80 may be sensed. Spe-
cifically, the positions of three lifters 50 may be sensed
when the positions of three magnets 80a are sensed.
When the magnet 80a is sensed at a specific position
while the drum 30 rotates as illustrated in FIG. 22, it may
be seen that the lifter 50 is located at a position at which
the drum 30 rotates further by about 60 degrees in the
counterclockwise direction.
[0541] Specifically, in the present embodiment, a sen-
sor 85 may be further provided to sense the position of
the lifter 50 by sensing the position of the magnet 80a
when the drum 30 rotates. The sensor 85 may sense the
position of the magnet 80a that corresponds to the rota-
tion angle of the drum 30, and may sense the position of
the lifter 50 based on the position of the magnet 80a.
[0542] In one example, the sensor 85 may merely de-
tect whether or not the magnet 80a is present. The rota-
tional speed of the drum 30 may be constant at a specific
point in time, and thus, it may be seen that the lifter 50
reaches a position at which it faces the induction module
70 when a specific time has passed from the point in time
at which the magnet 80 is sensed.
[0543] To put it easily, assuming that the drum rotates
at 1 RPM, it may be said that the drum rotates 360 de-
grees in 60 seconds. Assuming that three magnets 80a
and three lifters 50 are disposed at the same angular
distance, it may be seen that the lifter 50 reaches the
position at which it faces the sensor 85 after the drum
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further rotates by 60 degrees, i.e. 10 seconds after the
point in time at which the sensor 85 senses a specific
magnet 80.
[0544] As illustrated in FIG. 22, it may be seen that any
one lifter 50 is located to face the induction module 70
when the sensor 85 senses the magnet 80a located at
the lowermost portion of the drum 30. Therefore, the drum
heating amount by the induction module 70 may be re-
duced at the position at which the lifter 50 faces the in-
duction module 70, and may be increased when the lifter
50 deviates from the position. For example, the output
of the induction module 70 may be interrupted, or the
output of the induction module 70 may be maintained at
a normal level.
[0545] The magnet 80a may be disposed at the same
position as the lifter 50, regardless of what is illustrated
in FIG. 22. In this case, sensing the position of the magnet
80a may be the same as sensing the position of the lifter
50. However, in this case, it may be difficult to drive the
induction module 70, which is of chief importance. Al-
though it is possible to vary the output of the induction
module 70 within a very short time, it is not easy to vary
the output of the induction module 70 simultaneously with
sensing of the magnet 80a. This is because the angular
area occupied by the lifter 50 may be greater than the
angular area occupied by the magnet 80a. The position
of the magnet 80 may be defined by a specific angle, but
the angle of the lifter 50 may be defined by a specific
angular range, rather than a specific angle.
[0546] Therefore, in consideration of a time required
to change the output and the angular area occupied by
the lifter 50, the position of the magnet 80 may be cir-
cumferentially spaced apart from the lifter 50 by a pre-
determined angle in order to more accurately vary the
output of the induction module 70. In addition, the ac-
ceptable delay time may change based on the drum
RPM.
[0547] It is necessary for the magnet 80a to rotate to-
gether with the drum 30. Therefore, the magnet 80a may
be provided on the drum 30. In addition, the sensor 85
for sensing the magnet 80a may be provided on the tub
20. That is, in the same manner as the manner in which
the drum 30 rotates relative to the fixed tub 20, the magnet
80a may rotate relative to the fixed sensor 85.
[0548] FIG. 23 illustrates control elements for grasping
the position of the lifter 50 by sensing the position of the
magnet 80.
[0549] A main controller 100 or a main processor of
the laundry treatment apparatus controls various opera-
tions of the laundry treatment apparatus. For example,
the main controller 100 controls whether or not to drive
the drum 30 and the rotational speed of the drum. In
addition, a module controller 200 may be provided to con-
trol the output of the induction module under the control
of the main controller 100. The module controller may
also be referred to as an induction heater (IH) controller
or an induction system (IS) controller.
[0550] The module controller 200 may control the cur-

rent applied to an induction drive unit, or may control the
output of the induction module. For example, when the
controller 10 issues a command to operate the induction
module to the module controller 200, the module control-
ler 200 may perform control so that the induction module
operates. When the induction module is configured to be
simply repeatedly turned on and off, a separate module
controller 200 may not be required. For example, the in-
duction module may be controlled so as to be turned on
when the drum is driven and to be turned off when the
drum stops.
[0551] However, in the present embodiment, the in-
duction module may be controlled so as to be repeatedly
turned on and off while the drum is being driven. That is,
a point in time for control switching may very quickly
change. Therefore, the module controller 200 may be
provided to control the driving of the induction module,
separately from the main controller 100. This also serves
to reduce the burden of the processing capacity of the
main controller 100.
[0552] The sensor 85 may be provided in various forms
as long as it is capable of sensing the magnet 80a and
transmitting the sensing result to the module controller
200.
[0553] The sensor 85 may be a reed switch. The reed
switch is turned on when a magnetic force is applied by
a magnet and is turned off when the magnetic force dis-
appears. Thus, when the magnet is positioned as close
as possible to the reed switch, the reed switch may be
turned on due to the magnetic force of the magnet. Then,
when the magnet becomes far away from the reed switch,
the reed switch may be turned off. The reed switch out-
puts different signals or flags when turned on and off. For
example, the reed switch may output a signal of 5V when
turned on, and may output a signal of 0V when turned
off. The module controller 200 may estimate the position
of the lifter 50 by receiving these signals. Conversely,
the reed switch may output a signal of 0V when turned
on, and may output a signal of 0V when turned off. Since
the period during which magnetic force is sensed is long-
er than the period during which no magnetic force is
sensed, the reed switch may be configured to output a
signal of 0V when detecting the magnetic force.
[0554] The module controller 200 may acquire infor-
mation on the drum RPM via the main controller 100.
Then, the module controller 200 may grasp the angle
between the lifter 50 and the magnet 80a. Thus, the mod-
ule controller 200 may estimate the position of the lifter
50 based on the signal of the reed switch 85. In one ex-
ample, the module controller 200 may vary the output of
the induction module based on the estimated position of
the lifter 50. The module controller 200 may cause the
output of the induction module to become zero or to be
reduced at a position at which the lifter 50 faces the in-
duction module. This may remarkably reduce unneces-
sary energy consumption in the portion in which the lifter
50 is mounted. Thereby, overheating in the portion in
which the lifter 50 is mounted may be prevented.
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[0555] The sensor 85 may be a hall sensor. The hall
sensor may output different flags when sensing the mag-
net 80a. For example, the sensor 85 may output Flag "0"
when sensing the magnet 80a, and may output Flag "1"
when sensing no magnet.
[0556] In either case, the module controller 200 may
estimate the position of the lifter 50 based on the magnet
sensing signal. Then, the module controller 200 may var-
iably control the output of the induction module based on
the estimated position of the lifter 50.
[0557] On the other hand, the magnets may not be
used in the same manner as the lifters. This is because
the lifters may be disposed at the same interval from each
other, and therefore, when the position of a specific lifter
is detected, the positions of the other lifters may be es-
timated with high accuracy. That is, regardless of what
is illustrated in FIG. 8, two of the three magnets may be
omitted.
[0558] Generally, the main controller 100 of the wash-
ing machine is aware of the rotation angle of the drum
and/or the rotation angle of the motor 41. Assuming that
the motor 41 and the drum rotate integrally and that the
rotation angle of the motor 41 is the same as the rotation
angle of the drum, the positions of the three lifters may
be grasped by grasping the position of one magnet.
[0559] For example, the drum may rotate at 1 RPM
and the lifter may be located at a position at which the
drum rotates by 60 degrees relative to one magnet. It
may be seen that, when the sensor 85 senses the magnet
80, the lifter is located at the position to which the drum
further rotates by 60 degrees (i.e., the position to which
the drum further rotates in 10 seconds). Similarly, it may
be seen that a second lifter is located at a position cor-
responding to a point in time at which 10 seconds have
passed, and that a third lifter is located at a position cor-
responding to a point in time at which 10 seconds have
passed.
[0560] That is, the main controller 100 may grasp the
positions of the three lifters based on information on one
magnet sensed by the sensor 85. Thus, the main con-
troller 100 may control the module controller 200 to var-
iably control the output of the induction module based on
the positions of the lifters 50.
[0561] In this way, according to the embodiments de-
scribed above, the output of the induction module may
be reduced or set to zero at a point in time at which the
lifter faces the induction module or for a time period during
which the drum rotates, and the normal state output of
the induction module may be maintained when the lifter
deviates from the position or the range at which it faces
the induction module.
[0562] Therefore, unnecessary energy waste and
overheating in the portion in which the lifter 50 is mounted
may be prevented. In one example, since a conventional
drum and lifter may be used without modification, it may
be said that the present disclosure is very economically
advantageous.
[0563] It is to be noted that, in the embodiments de-

scribed above with reference to FIGs. 22 to 24, a separate
sensor and a separate magnet are necessary in order to
grasp the positions of the lifters. Although the positions
of the lifters may be grasped using any other type of sen-
sor, the provision of a separate sensor for grasping the
position of the lifter may be necessary in any case.
[0564] The separate sensor for grasping the position
of the lifter may complicate the manufacture of the laun-
dry treatment apparatus and may increase manufactur-
ing costs. This is because a sensor or a magnet, which
is unnecessary in a conventional laundry treatment ap-
paratus, needs to be additionally provided. Moreover, the
shape or structure of the tub or the drum also needs to
be modified in order to accommodate such an additional
component.
[0565] Hereinafter, embodiments that may achieve the
above-described objects without requiring a separate
sensor and a magnet will be described in detail.
[0566] FIG. 25 illustrates a partial development view
of the inner peripheral surface of the drum. As illustrated,
various embossing patterns 90 may be formed on the
inner peripheral surface of the drum. These emboss-
ments may be formed in various forms, such as convex
embossments that protrude in the inward direction of the
drum and convex embossments that protrude in the out-
ward direction of the drum. The shape of the emboss-
ments may be selected from any of various shapes. It is
to be noted that the embossing patterns are generally
equally and repeatedly repeated in the circumferential
direction of the drum.
[0567] As with the embossments, through-holes are
generally formed in the drum and serve to allow wash
water to move between the inside and the outside of the
drum.
[0568] The embossing patterns may be omitted in the
portion of the circumferential surface of the drum in which
the lifter is mounted. This is because the lifter may be
easily mounted when the inner peripheral surface of the
drum maintains a constant radius from the center of the
drum. In other words, in the portion in which no lifter is
mounted, the inner peripheral surface of the drum exhib-
its a great change in the radius thereof.
[0569] The embossments are formed such that a large
portion thereof protrudes into the drum. That is, the area
of the protruding portion is relatively large. This is be-
cause the area of the inner peripheral surface of the drum
may increase due to the embossments that protrude into
the drum, which may increase the frictional area between
the laundry and the inner peripheral surface of the drum.
[0570] Assuming a drum having no embossments and
having the same radius of the inner peripheral surface
thereof, it may be said that the drum always faces the
induction module with the same area and the same dis-
tance regardless of the rotation angle thereof.
[0571] However, the area and the distance by which
the drum faces the induction module necessarily vary
according to the rotation angle of the drum. The reason
that the area and the distance by which the drum faces
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the induction module necessarily vary according to the
rotation angle of the drum is due to the presence or ab-
sence of the embossing patterns or variation in the em-
bossing patterns described above. That is, the shape of
the drum that faces the induction module may inevitably
vary.
[0572] FIG. 26 illustrates changes in the current and
output of the induction module 70 depending on the ro-
tational angle of the drum.
[0573] It may be seen that the current and the output
of the induction module vary according to the rotation
angle of the drum. In other words, it may be seen that
the current and the output are greatly reduced at a spe-
cific point in time or at a specific angle.
[0574] The position of the lifter may be estimated with-
out a separate sensor based on a change in the current
sensed in the induction module or a change in the output
of the induction module. For example, the current or out-
put of the induction module may vary when the drum
rotates while the induction module maintains a constant
output.
[0575] In the state in which the induction module is
controlled to have the same current or output via feed-
back control, the current or the output is reduced when
the portion of the drum in which the lifter is mounted faces
the induction module. This is because the area and the
distance by which the drum faces the induction module
may become the shortest at the corresponding portion.
Therefore, the position of the lifter mounted portion may
be estimated based on a change in the current or the
output (power) of the induction module depending on a
change in the rotation angle of the drum.
[0576] By estimating the position of the lifter mounted
portion, the output (power) of the induction module at the
lifter mounting position may be controlled to be 0, or may
be significantly reduced.
[0577] Referring to FIG. 26, it can be estimated that
the lifters are positioned respectively in the section of
approximately 50-70 degrees, in the section of approxi-
mately 170-190 degrees, and in the section of approxi-
mately 290-310 degrees based on 360 degrees. For ex-
ample, it can be estimated that the lifters are positioned
in three angular sections while the induction module
starts to drive and the drum rotates one revolution. In one
example, in order to more accurately grasp the positions
of the lifters, the positions of the lifters may be corrected
by repeating the same process multiple times.
[0578] Then, when the estimation of the positions of
the lifters is complete, the output of the induction module
may be variably controlled based on the positions of the
lifters during a subsequent drum rotation.
[0579] Through the embodiments described with ref-
erence to FIGs. 22 to 26, the heating efficiency may be
enhanced and overheating of the lifter may be prevented
without special modifications of the drum or the lifter.
[0580] Hereinafter, a control method according to an
embodiment of the present disclosure will be described.
[0581] First, driving of the induction module 70 starts

(S50) in order to heat the drum as needed. This drum
heating may be performed in order to dry the laundry
inside the drum or to heat the wash water inside the tub.
Thus, the induction module 70 may be driven when a
drying operation or a washing operation is performed.
The induction module 70 may also be driven during a
dehydration operation. In this case, since the drum ro-
tates at a very high speed, the drum heating amount may
be relatively small, but the dehydration effect may be
further enhanced since the removal of water by centrif-
ugal force and the evaporation of water by heating are
performed in a complex manner.
[0582] Once driving of the induction module 70 has
started, it is determined whether or not an end condition
is satisfied (S51). When the end condition is satisfied,
the driving of the induction module 70 ends (S56). The
end condition may be the end of the washing operation,
or may be the end of the drying operation. However, the
end of the driving S30 may be a temporary end, rather
than a final end in one washing course or drying course.
Thus, the induction module may be repeatedly turned on
and off.
[0583] Once driving of the induction module 70 has
started, the induction module 70 may be controlled to
perform normal state output until the driving of the induc-
tion module 70 ends (S56). That is, the induction module
70 may be controlled to have a predetermined output,
and may be controlled via feedback for more accurate
output control. Thus, the driving of the induction module
70 may include controlling the induction module to the
normal state output in by module controller.
[0584] In order to solve the overheating problem in the
portion in which the lifter is mounted, the control method
may include sensing the position of the lifter when the
drum rotates (S53). Specifically, it may be determined
whether or not the lifter is positioned so as to face the
induction module (i.e. whether or not the lifter faces the
induction module at the closest position). The sensing of
the position of the lifter may be continuously performed
while the drum is being driven. In one example, the in-
duction module may not be continuously driven while the
drum is being driven. For example, in a rinsing operation,
the drum may be driven, but the induction module may
not be driven. In addition, although the driving of the drum
is continued in a washing operation, which is subsequent-
ly performed after the heating of wash water ends, the
induction module may not be driven.
[0585] Therefore, the position of the lifter may be de-
tected after the induction module is driven. That is, the
detection of the position of the lifter may be performed
under the assumption that driving of the induction module
starts.
[0586] Once the position of the lifter has been detected,
it may be determined whether or not the lifter is at a spe-
cific position. That is, it is determined whether the output
is to be reduced or to be set to 0 (S54). When it is detected
that the lifter is positioned to face the induction module,
a condition under which the output is reduced or becomes
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zero is satisfied. Thus, the output of the induction is re-
duced or is set to 0 (S55). On the other hand, when it is
detected that the lifter is not positioned to face the induc-
tion module, the induction module is maintained at the
normal state output (S57).
[0587] By repeating the phases described above, the
output of the induction module may be controlled so as
to be reduced when the lifter is positioned to face the
induction module, and may be controlled to perform nor-
mal state output when the lifter is not positioned to face
the induction module. Thus, it is possible to prevent over-
heating of the lifter mounted portion and increase energy
efficiency by a controllable method.
[0588] The control of the output of the induction module
depending on the position of the lifter may not always be
performed. That is, while the drum is driven and the in-
duction module is driven, the output may be continuously
maintained at a constant value regardless of the position
of the lifter. That is, the control described above may be
omitted when the risk of overheating of the lifter may be
ignored.
[0589] To this end, it may be determined whether or
not the sensing of the position of the lifter and the control
of the output of the induction module are required in order
to avoid overheating of the lifter (S52). This determination
may be performed before sensing the position of the lifter.
[0590] For example, when the drum rotates at a high
rotation speed, for example, 200 RPM or more, the drum
heating amount generated in the lifter mounted portion
is relatively small because of the high rotational speed
of the drum. In one example, the drum rotation speed is
so high that the area and time of contact between the
drum and laundry are relatively large. This is because,
in this case, the laundry is not moved by the lifter, but is
in close contact with the inner peripheral surface of the
drum.
[0591] That is, the control of the drum heating amount
depending on the position of the lifter may be meaning-
less at a specific RPM or more at which the drum is spin-
driven, rather than driven to perform tumbling.
[0592] Accordingly, the determination of whether or not
to apply a lifter heating avoidance logic may be very ef-
fective. In one example, the conditions applied at this
phase may include various other conditions as well as
the RPM. For example, when the drum is heated in a
drying operation, a great amount of heat is transferred
to the laundry. Thus, overheating may occur in a portion
of the lifter that is not in contact with the laundry. On the
other hand, when the drum is heated in the state in which
wash water is accommodated in the tub and a portion of
the outer peripheral surface of the drum is immersed in
the wash water, heat is mostly transferred to the wash
water. This may be true of the lifter exclusion portion as
well as the lifter mounted portion.
[0593] Therefore, the condition for determining wheth-
er or not to apply the lifter heating avoidance logic may
be a process of determining the type of an operation. The
lifter heating avoidance logic may not be applied when a

washing operation is determined. Thus, the conditions
for applying the lifter heating avoidance logic may be var-
iously modified.
[0594] In one example, the sensing of the position of
the lifter S50 may be performed in various ways. For ex-
ample, the sensor and magnet described above may be
used, or a change in the current or the output of the in-
duction module may be used without a sensor.
[0595] Due to the positional relationship between the
induction module and the drum and the shapes of the
induction module and the drum, the induction module
substantially heats only a specific portion of the drum.
Thus, when the induction module heats the drum that is
in a stopped state, only a specific portion of the drum
may be heated to a very high temperature. For example,
when the induction module is located on the upper portion
of the tub and the drum does not rotate, only the outer
peripheral surface of the upper portion of the drum may
be heated when the induction module is driven.
[0596] In the state in which the drum is in the stopped
state, the outer peripheral surface of the upper portion
of the drum is not in contact with the laundry. Thus, the
outer peripheral surface of the upper portion of the drum
may be extremely overheated. Therefore, in order to pre-
vent the drum from overheating, it is necessary to rotate
the drum. That is, it is necessary to change the portion
to be heated via rotation of the drum, and to transfer the
heat to the wash water or to the laundry.
[0597] Therefore, in order to operate the induction
module, the drum may need to rotate.
[0598] Hereinafter, an embodiment of the control logic
between the operation of the induction module and the
driving of the drum will be described.
[0599] A drum heating mode for heating the drum 30
may be performed during a washing operation or a drying
operation, as described above. Substantially, the drum
heating mode may be continuously performed during the
washing operation and the drying operation.
[0600] When the drum heating mode S10 is performed,
it may be determined whether or not a heating end con-
dition is satisfied (S20). The heating end condition may
be any one of a heating duration, a target drum temper-
ature, a target drying degree, and a target wash water
temperature. The heating mode ends when any one con-
dition is satisfied (S70).
[0601] For example, the drum heating mode S10 may
be continued so as to heat the wash water to 90 degrees
in the washing operation. The drum heating mode S10
may end when the wash water reaches 90 degrees. The
drum heating mode S10 may be continued until the de-
gree of drying is satisfied in the drying operation.
[0602] In a washing machine or a drying machine, the
drum is generally driven at a rotational speed at which
tumbling driving is possible. The drum is directly accel-
erated to a speed at which the drum undergoes tumbling
driving immediately from the stopped state of the drum.
Then, the tumbling driving may be realized by forward
and reverse rotation. That is, after continuing tumbling
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driving in the clockwise direction, the drum may stop and
then again perform tumbling driving in the counterclock-
wise direction.
[0603] When the rotational speed of the drum is very
low, a specific portion of the drum may likewise be over-
heated. For example, when the tumbling driving speed
is 40 RPM, it takes a predetermined time until the drum
is accelerated from the stopped state to 40 RPM. Thus,
a point in time at which the drum starts tumbling driving
differs from a point in time at which the drum performs
normal tumbling driving. That is, when the drum starts
tumbling driving, the drum is gradually accelerated from
the stopped state to reach the tumbling RPM and is then
driven at the tumbling RPM. The drum may perform tum-
bling driving in a predetermined direction, and then may
stop and again perform tumbling driving in the other di-
rection.
[0604] In this connection, there is a need to prevent
overheating of the drum and to increase heating energy
efficiency and time efficiency.
[0605] Avoiding heating for a period during which the
RPM of the drum is very low may be good in terms of
drum overheating prevention. Conversely, heating the
drum only after the drum reaches a normal RPM may
waste time.
[0606] Therefore, the point in time at which the induc-
tion module starts to operate may be after the drum starts
to rotate and before the drum reaches the normal tum-
bling RPM. In one example, when avoiding the overheat-
ing of the drum is more important than the heating effi-
ciency, the induction module may be operated after the
drum reaches the tumbling RPM. Therefore, there is a
requirement to strike a balance between heating efficien-
cy and prevention of overheating.
[0607] For example, when the drum RPM is greater
than 30 RPM, the induction module may be operated.
That is, the drum RPM condition may be determined
(S40), and when the condition is satisfied, the induction
module may be turned on (S50). When the drum RPM
is less than 30 RPM, the induction module may not be
operated. That is, the induction module may be turned
off (S60). That is, the induction module may be turned
on based on a specific RPM, which is smaller than the
tumbling RPM and greater than 0 RPM.
[0608] That is, the induction module may be operated
only when the drum RPM is greater than a specific RPM,
and may not be operated when the drum RPM is less
than the specific RPM.
[0609] Therefore, for a normal tumbling driving period,
the induction module may be driven after the drum starts
to rotate and the driving of the induction module stops
before the rotation of the drum stops. That is, the induc-
tion module may be turned on and off based on a thresh-
old RPM, which is less than the normal tumbling RPM.
Therefore, when the tumbling driving period is repeated
a plurality of times, the induction module is repeatedly
turned on and off.
[0610] In the present embodiment, a drum temperature

condition may be determined in order to prevent over-
heating of the drum (S30). In one example, the drum
temperature condition may be applied alone or in com-
bination with the above-mentioned drum RPM condition.
When the two conditions are applied together, the order
of determination of these conditions may change. In FIG.
28, the case in which the determination of the drum tem-
perature condition is performed first is illustrated.
[0611] As described above, the central portion of the
drum is heated to a relatively higher temperature than
the front and rear portions of the drum. For example, the
central portion of the drum may be heated to around 140
degrees Celsius. In this connection, when the central por-
tion of the drum is heated to 160 degrees Celsius or more,
it may be determined that the drum is overheated. In one
example, the drum temperature condition for the deter-
mination of overheating may change.
[0612] The temperature of 160 degrees Celsius may
be a threshold temperature for preventing thermal defor-
mation of elements around the drum and damage to laun-
dry. Thus, when the drum temperature is equal to or
greater than the threshold temperature, the induction
module may be turned off (S60).
[0613] Accordingly, in the embodiment illustrated in
FIG. 28, for example, assuming that the drum tempera-
ture is less than 160 degrees, the rotational speed of the
drum is 40 RPM, and the target wash water temperature
is 90 degrees Celsius, but that the current temperature
of the wash water is 40 degrees Celsius, the induction
module may be in the ON state. Therefore, reliability may
be guaranteed and safe drum heating may be realized
through various conditions.
[0614] In one example, variable control of the induction
module may be performed when the induction module is
in the ON state. Thus, the variable control of the output
of the induction module may be performed in the induc-
tion module ON phase S50. An embodiment of the var-
iable control of the output has been described above with
reference to FIG. 27. In this way, when the tumbling driv-
ing is continued, the induction module may repeatedly
undergo a normal state output period and a reduced out-
put period.
[0615] Accordingly, the control logic for the drum heat-
ing mode and the control logic for the prevention of over-
heating of the lifter may be implemented in a complex
manner. Therefore, it is possible to prevent the drum from
overheating, to quickly stop the heating of the drum in
case of unexpected drum overheating, and to prevent
overheating of the lifter.
[0616] Hereinafter, an embodiment of a temperature
sensor 60 for sensing the temperature of the drum will
be described in detail.
[0617] The object to be heated by the induction module
70 is the drum 30. Therefore, the drum 30 may be an
element in which overheating may directly occur. When
the drum 30 is heated to heat wash water, the tempera-
ture of the drum 30 is much higher than the boiling tem-
perature of the wash water. This may be attributed to the
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characteristics of the induction heater. However, the
drum 30 is configured to rotate. In addition, as described
above, the drum may be heated only while the drum is
rotating.
[0618] Therefore, it is not easy to sense the tempera-
ture of the drum due to the specific characteristics of the
drum, and furthermore, it is not easy to sense the tem-
perature of the drum at the time of rotation. In particular,
it is not easy to sense the temperature of the drum at the
central portion of the drum (i.e., a portion of the outer
peripheral surface at the middle between the front and
rear ends of the drum) having the highest temperature.
[0619] The temperature of the drum may be measured
in a direct manner. For example, it is possible to directly
measure the temperature of the drum using a non-con-
tact type temperature sensor. For example, the temper-
ature of the outer peripheral surface of the drum may be
sensed through an infrared temperature sensor.
[0620] However, since the drum is configured to rotate
as described above and is provided inside the tub, the
environment inside and outside the drum may be a high
temperature and high humidity environment. Therefore,
it is very difficult to detect the temperature of the drum
by irradiating the outer peripheral surface of the drum
with infrared rays. This is because the infrared rays may
be scattered by water vapor.
[0621] Due to this difficulty, the inventors of the present
disclosure have attempted to indirectly measure the tem-
perature of the drum rather than directly measuring the
temperature of the drum. That is, the inventors have at-
tempted to indirectly measure the temperature of the
drum using an air temperature value depending on the
generation of heat in the drum.
[0622] The gap between the outer peripheral surface
of the drum and the inner peripheral surface of the tub
may be approximately 20 mm. Therefore, it may be pos-
sible to indirectly measure the temperature of the drum
by measuring the temperature of air between the outer
peripheral surface of the drum and the inner peripheral
surface of the tub.
[0623] The temperature sensor 60 mounted on the in-
ner peripheral surface of the tub 20 may be provided to
sense the temperature of air between the inner peripheral
surface of the tub and the outer peripheral surface of the
drum. Thus, the difference between the actual tempera-
ture of the outer peripheral surface of the drum and the
air temperature (the temperature sensed by the temper-
ature sensor) may be obtained by multiplying the amount
of heat transferred by the air (between the outer periph-
eral surface of the drum and the temperature sensor) by
the heat resistance of the air.
[0624] When constant air flow is generated on the outer
peripheral surface of the drum by the rotation of the drum,
the difference between the temperature of the outer pe-
ripheral surface of the drum and the air temperature
measured inside the tub may be constant. Therefore, the
temperature of the outer peripheral surface of the drum
may be estimated as the sum of a constant and the meas-

ured temperature value.
[0625] Therefore, it is possible to control the driving of
the induction module based on the estimated tempera-
ture of the outer peripheral surface of the drum.
[0626] In this connection, in order to more accurately
estimate the temperature of the outer peripheral surface
of the drum, it may be necessary to exclude, as much as
possible, external environmental factors that cause an
increase/decrease in the temperature between the outer
peripheral surface of the drum and the temperature sen-
sor.
[0627] In one example, most of these external environ-
mental factors act to lower the temperature of the drum.
[0628] For example, accurate temperature estimation
may be difficult when airflow due to rotation of the drum
and airflow due to other elements increase. For example,
in a portion into which cooling water is introduced, accu-
rate temperature estimation may be difficult because
heat in the drum is mainly transferred to the cooling water.
For example, in a portion that is in direct communication
with a relatively low temperature environment outside the
tub, heat in the drum may be mainly transferred to the
outside of the tub. For example, when the temperature
sensor is provided at a portion affected by the magnetic
field of the induction module, accurate temperature
measurement may be difficult.
[0629] Therefore, the position at which the tempera-
ture sensor is mounted may be very limited. This is be-
cause various factors, such as precise temperature
measurement, temperature measurement for the highest
temperature portion of the drum, and avoidance of inter-
ference with a tub connection portion (a portion in which
the front portion and the rear portion of the tub are con-
nected to each other) due to the structure of the tub, need
to be considered.
[0630] FIG. 29 illustrates a cross section illustrating the
mounting position of the temperature sensor 60 accord-
ing to an embodiment of the present disclosure. FIG. 29
illustrates an inner rear wall 201 and an inner sidewall
202 of the tub in the transverse cross section of the tub 20.
[0631] First, as described above, the induction module
70 may be located on the upper portion of the tub 20.
When the cross section of the tub is divided into four
quadrants, the induction module 70 may be located on
a first quadrant 1S or a second quadrant 2S. In one ex-
ample, the induction module 70 may be located on both
the first and second quadrants 1S and 2S. In either case,
the induction module 70 may be located above the ver-
tical center axis of the tub.
[0632] The second quadrant S2 of the tub 20 may be
generally provided with an airflow hole 203. That is, the
inside of the tub may be in communication with the out-
side of the tub through the airflow hole 203, rather than
being completely sealed with respect to the outside of
the tub. Therefore, the second quadrant 2S of the tub 20
corresponding to the airflow hole 203 is affected by the
outside air having a relatively low temperature. In one
example, the airflow hole 203 may be provided in the first
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quadrant S1 of the tub 20 as occasion demands.
[0633] A condensing port 230 may be provided in or
near the third quadrant 3S of the tub 20 to cool the heated
wet air so as to condense water. That is, the condensing
port 230 may be provided to supply the cooling water
from the outside of the tub to the inside of the tub so as
to cool the heated wet air inside the tub. The inside of
the tub corresponding to the third quadrant 3S, to which
the cooling water is supplied, is influenced by low-tem-
perature condensate water.
[0634] A fourth quadrant 4S of the tub 20 may be pro-
vided with a duct hole 202, through which the air inside
the tub is discharged to the outside. The air, from which
the water is removed by the cooling water, is discharged
from the inside of the tub to the outside of the tub 20
through the duct hole 202. In one example, the dis-
charged air may again be introduced into the tub 20.
[0635] Accordingly, the temperature of the inside of the
tub corresponding to the duct hole 202, i.e., the fourth
quadrant 4S is lower than that of the other portions, and
the flow of air is accelerated. In one example, the posi-
tions of the condensing port 230 and the duct hole 202
may be opposite each other.
[0636] In one example, air has a tendency to be low-
ered in density when heated. Therefore, the temperature
sensor may be provided in the first quadrant 1S and the
second quadrant 2S, but not in the fourth quadrant 4S
and the third quadrant 3S of the tub. This is because the
temperature of the air in the first and second quadrants
of the tub is expected to be higher than the air tempera-
ture in the fourth and third quadrants of the tub. In addi-
tion, due to the condensed water from the condensing
port 230 and the outside air from the duct hole 202, the
air in the third and fourth quadrants is relatively low in
temperature, which makes it impossible to accurately es-
timate the temperature of the drum.
[0637] In particular, considering the configuration of
the airflow hole 203, the condensing port 230, and the
duct hole 202, it may be seen that the optimum temper-
ature sensor position is the first quadrant 1S. In one ex-
ample, when the airflow hole 203 is provided in the sec-
ond quadrant, the optimal temperature sensor position
may be the second quadrant. When the temperature sen-
sor 60 is provided in the first quadrant 1S, the tempera-
ture sensor 60 may be mounted at a position offset from
the center of the tub in the circumferential direction by a
greater predetermined angle than that in the induction
module 70. This is because it may be necessary to pre-
vent the magnetic field generated in the induction module
70 from affecting on the temperature sensor 60. In FIG.
11, the area of influence of the magnetic field is indicated
by "B". Thus, the temperature sensor 60 may be mounted
on the inner peripheral surface of the tub in the first quad-
rant 1S of the tub outside the area "B". The area "B" may
be substantially the area to which the coil of the induction
module 70 is projected. The size of the induction module
70 may be greater than the size of the coil. Thus, the
temperature sensor may be mounted in the vicinity of the

induction module 70 or in the end portion of the induction
module 70 in the circumferential direction. That is, the
temperature sensor may be provided outside the projec-
tion area of the coil in the circumferential direction. In
addition, the temperature sensor 60 may be positioned
so as to be farther away from the airflow hole in the clock-
wise direction. Conversely, when the airflow hole is pro-
vided in the second quadrant, the temperature sensor 60
may be mounted at a position that is spaced apart from
the airflow hole in the counterclockwise direction.
[0638] FIG. 29 illustrates a connection portion 209 in
which the front portion and the rear portion of the tub are
coupled to each other via bolts or screws. The connection
portion 209 is formed so as to protrude radially outward
from the outer peripheral surface of the tub. Thus, the
temperature sensor may be located in front of or behind
the connection portion 209 in order to avoid interference
with the connection portion 209.
[0639] As a result, it may be seen that the position of
the temperature sensor is located in the first quadrant 1S
of the transverse cross section of the tub and has a pos-
itive value with respect to the x and y axes. In one exam-
ple, when the airflow hole is provided in the first quadrant,
the position of the temperature sensor may be the second
quadrant. In addition, it may be seen that the temperature
sensor may be located in front of or behind the connection
portion 209 near the center of the tub in the longitudinal
direction of the tub. Therefore, the temperature sensor
may be mounted at substantially the center position of
the induction module in the longitudinal direction, so that
the portion of the drum having the highest temperature
may be accurately sensed.
[0640] FIGs. 23 and 24 illustrate an example in which
the temperature sensor 60 is connected to the main con-
troller 100. That is, the main controller 100 performs a
process of estimating the temperature of the drum based
on the temperature sensed by the temperature sensor
60. Thus, when the temperature of the drum is estimated,
phase S30 illustrated in FIG. 28 may be performed based
thereon.
[0641] Alternatively, the temperature sensor 60 may
separately perform a process of estimating the temper-
ature of the drum. That is, the temperature sensor 60
may be formed in the form of an assembly or module
having a separate processor. In this case, the drum tem-
perature estimated by the temperature sensor 60 may
be transmitted to the main controller 100.
[0642] In one example, phase S30 may be performed
by the module controller 200, rather than by the main
controller 100. In either case, when the temperature of
the drum exceeds a threshold temperature, overheating
of the drum may be recognized and the output of the
induction module may be interrupted.
[0643] Through the above-described embodiments, it
may be seen that control logic for preventing overheating
of the drum, control logic for preventing overheating of
the lifter, the temperature sensor for preventing the drum
from overheating, and control logic using the temperature
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sensor may provide a laundry treatment apparatus hav-
ing enhanced safety and reliability. In addition, it may be
seen that the temperature sensor capable of more accu-
rately sensing the temperature of the drum in an indirect
manner and the mounting position of the temperature
sensor may be provided.
[0644] Features in each of the above-described em-
bodiments may be implemented in a combined manner
in other embodiments as long as they are not contradic-
tory or exclusive of each other.

[Industrial applicability]

[0645] Industrial applicability may be included in the
Detailed Description section.

Claims

1. A laundry treatment apparatus comprising:

a tub;
a drum rotatably disposed inside the tub for re-
ceiving laundry therein, wherein the drum is
made of a metal material; and
an induction module disposed on the tub to be
spaced from a circumferential surface of the
drum for generating an electromagnetic field to
heat the circumferential surface of the drum,
wherein the induction module includes:

a coil formed of windings of wires, wherein
the coil generates a magnetic field when an
electric current is applied thereto; and
a base housing mounted on an outer cir-
cumferential face of the tub, wherein the
base housing has coil slots defined therein
for receiving the wires therein and thus de-
fining a shape of the coil, wherein each coil
slot defines a predetermined spacing be-
tween corresponding adjacent wires.

2. The laundry treatment apparatus of claim 1, wherein
the induction module includes a module cover cou-
pled with the base housing for covering the coil.

3. The laundry treatment apparatus of claim 2, wherein
a permanent magnet is disposed between the mod-
ule cover and the coil to direct the magnetic field
generated from the coil toward the drum.

4. The laundry treatment apparatus of claim 3, wherein
the permanent magnet includes permanent magnets
arranged in a longitudinal direction of the coil, where-
in each of the permanent magnets is oriented to be
perpendicular to a length direction of the coil.

5. The laundry treatment apparatus of claim 4, wherein

permanent-magnet-mounted portions are formed on
a bottom of the module cover, wherein each perma-
nent magnet is fixedly received in each permanent-
magnet-mounted portion.

6. The laundry treatment apparatus of claim 2, wherein
the module cover includes press-contacting ribs that
protrude downwards from a bottom face of the mod-
ule cover to press-contact the coil.

7. The laundry treatment apparatus of claim 1, wherein
a module-mounted portion is formed on an outer cir-
cumferential face of the tub, wherein the induction
module is mounted on the module-mounted portion,
wherein the base housing is coupled to the module-
mounted portion in a conformed manner.

8. The laundry treatment apparatus of claim 1, wherein
the module-mounted portion includes a flat portion
positioned more radially inwardly than an outer cir-
cumferential face of the tub.

9. The laundry treatment apparatus of claim 8, wherein
the flat portion defines an inner portion of the module-
mounted portion.

10. The laundry treatment apparatus of claim 8, wherein
the flat portion defines an outer portion of the module-
mounted portion.

11. The laundry treatment apparatus of claim 7, wherein
the tub includes a front tub, a rear tub, and a tub
connector connecting the front tub and the rear tub,
wherein the tub connector extends radially outward-
ly,
wherein the base housing is in close contact with a
top of the tub connector.

12. The laundry treatment apparatus of claim 11, where-
in the tub connector includes an extended tub con-
nector that further protrudes radially outwardly from
the tub, wherein an extended tub connector connects
the front tub and the rear tub via a screw or bolt,
wherein the extended tub connector is absent in a
region of the tub corresponding to the module-
mounted portion.

13. The laundry treatment apparatus of one of claims 1
to 12, wherein reinforcing ribs protrude downwards
from a bottom of the base housing and maintain a
spacing between the base housing and the outer cir-
cumferential face of the tub.

14. The laundry treatment apparatus of claim 13, where-
in the base housing has a through-hole defined
therein through which air is discharged radially in-
wardly.
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15. The laundry treatment apparatus of claim 13, where-
in each coil slot defines a coil receiving portion de-
fined between adjacent fixing ribs.

16. The laundry treatment apparatus of claim 15, where-
in a spacing between the adjacent fixing ribs is set
to be smaller than a diameter of each wire, wherein
each wire is press-fitted into each coil slot.

17. The laundry treatment apparatus of claim 16, where-
in a protrusion height of the fixing rib is set to be
larger than a diameter of each wire, wherein after
each wire is inserted into each coil slot, a top of each
fixing rib is melted to cover a top of each wire.

18. The laundry treatment apparatus of claim 13, where-
in the coil forms a single layer.

19. The laundry treatment apparatus of claim 18, where-
in the coil has a track shape with a long axis extend-
ing in a front-rear direction of the drum.

20. The laundry treatment apparatus of claim 19, where-
in the coil has two front-rear directional straight por-
tions and two left-right directional straight portions,
and has four curved portions between the two front-
rear directional straight portions and two left-right di-
rectional straight portions,
wherein a radius of curvature of each of the curved
portions in an radially innermost wire is equal to a
radius of curvature of each of the curved portions in
an radially outermost wire.
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